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We2®70385319 [ 0001] The present Application forP@HUSI6/037566
claims priority to Provisional Application No.
60/ 721, 505 entitled "POSI TI ON LOCATI ON USI NG
TRANSM TTERS W TH TI M NG OFFSET" fi | ed Sept enmber
S A e ﬁﬁéﬁéﬁﬁ?ﬁﬁﬁ‘fﬁﬁmm
[ 0002] The subj ectANDcPHASEg&DJUSEI\EN@‘eneraI ly to
comruni cati ons systens and net hods, and nore
particularly to systems and nmet hods that determ ne
cmnaflmbﬁ@qaideeesus@sm dance with wireless
- networks by enploying timng offsets or transmtter
[088Hse ddpwsesarindpplwenen fonPstent ¢lhints nrivgity ée Ruovissonal Application

NGRS AREP O SPERR AN EAPa SRRtk wins

Tmmbfd?@lf’aﬁleWSepleﬁﬁ)Sr 2E 08, Adyassikhed®tibeiagdlghd? hereof and
an air interface specifi cation defines FL

he(r?llyrfiﬂf‘ﬁﬂ&’llm@m‘j?ﬁbb’é%ﬁﬁ%f"b]@%felphat has been devel oped
by an industry-led group of wireless providers. In
genera}, FLO has |everaged the nost advantageous

I.f eatBiekk of vvi reI ess technol ogi es avail abl e and used

S S|ncd|n system designh to
008fs; 28R sieh ReBaro iy SAeD ReBaNa S epmsuraeinah sestems and
EMBdYORd infork OparfibuPardP t6CsyateMsORR NetRGRP SRR Positi
m[ 000591] The IEL %echnol og% yév\}gs SdeS| glﬂneetd [ nhﬁe&gase g’Psmon
logatipgp| ne apgardange dwith ewirelessn mefvorks dbye xmipbiyisg timing offsets or

stics. ed.ideally for use on
tr%lgﬁjlfl%rgﬂ e SLE %P%&tt?‘%m@ggs tf‘ QLY 3gvances in
codi ng and interleaving to achl eve the highestquality
reception at_all times, both for real-tinme content
Hstreg‘?ﬁ ouiMY other data services. FLO technol ogy can
vi d o [ r | ..
[0\?\?2?] ou?n%o%pufr%%ﬂg@p r‘glléa? pl%\?\e(?(g{l:lgg‘%g ngsg1 %erﬁ?ggﬁ(%oo OD§/V181011
Maltipte Aedess G(SDNIA) ragitab Mkremsslteohﬁoldgjfl \Iﬁradﬂgmﬁbtbt@mm dan air

infeP e Aot BreoRadiiag 5.0, CFaTsp ooy R nlsabRalegy, thag das been
ddvEIBPEP H99¥%n hﬁé@s@rymehtgrﬂﬁﬂ'o% W&l&és ?@tﬁddbgacoﬁﬁp &fé‘?@t ¥LO has

Wi rel ess operators ["'ul ar netwo and~vol
levasagadcthe most advantageous features of wireless technologies avallable and used

the latest advances in coding and system design to consistently achieve the highest-
quality performance. One goal is for FLO to be a globally adopted standard.

[0004] The FLO technology was designed in one case for a mobile multimedia
environment and exhibits performance characteristics suited ideally for use on cellular
handsets. It uses the latest advances in coding and interleaving to achieve the highest-
quality reception at all times, both for real-time content streaming and other data
services. FLO technology can provide fobust mobile performance and high capacity
without compromising power consumption. The technology also reduces the network
cost of delivering multimedia content by dramatically decreasing the number of
transmitters needed to be deployed. In addition, FLO technology-based multimedia
multicasting complements wireless operators' cellular network data and voice services,

delivering content to the same cellular handsets used on 3G networks.



delivering content to the same cellul ar handsets used
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broadcast network is determ ned using multip
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broadcast network is determined using multiple transmitters that account for timing

differences between transmitters. Many position location algorithms assume that
transmitters emanating signals used for range measurements are aligned in time using a
common central clock such as GPS, for example.: However, it is of some advantage in
certain broadcast systems to advance/delay transmissions from some of the transmitters
with respect to the central clock to facilitate signal reception and quality throughout the
network. In such cases, position location algorithms make use of timing offset
information of the transmitters to result in more accurate range measurements over

conventional position location components. Thus, in some embodiments, overhead



network. In such cases, position |ocation algorithns
make use of timng offset information of the
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illustrati n% a wire] ess network, positioning system
embpsimentgmgy bo prastigy all sfphichaye indended ia bespyesds ti ni ng

of fset information for position |ocation

determ nations. [0012] Fig. 3 illustrates exanple
BREER PESCRIFIION OFFHE DPRAJVINGSng of f set i nf ormati on.

131 Fig, 4 illuystrate n exanpl e system for,
[Oéﬁﬂust Figg 1% Ag™S Pafieatiogh dinera, dustrauas Fosirglessi pgfwork
positphR@syitddl4] Fig. 5 is a diagramillustrating
exanpl e network layers for a wirel ess positioning
[081Yt enfig. 2 is an example system that employs timing offset information for

(@

position location determinations.

[0012]  Fig. 3 illustrates example techniques for transmitting timing offset
information.

[0013]  Fig. 4 illustrates an example system for adjusting timing information in a
wireless positioning system. |

[0014] Fig. 5 is a diagram illustrating example network layers for a wireless
positioning system.

[0015]  Fig. 6 is a diagram illustrating an example data structure and signal for a
wireless positioning system.

[0016]  Fig. 7 illustrates an example timing process for a wireless positioning
system.

[0017] Fig. 8 is a diagram illustrating an example user device for a wireless system.



[0015] Fig. 6 is a diagramillustrating an exanple

data structure and signal for a wireless positioning
waeymrmesass 0016] Fig. 7 illustrates an exanpl e PCTHUSZP06/037566

process for a wireless positigoning system [0017] Fig.

8 is adiagramillustrating an exanpl e user device for

a wreless system[0018] Fig 9 is a diagram
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‘8 thtransmitter.

[0022] With phase adjustments at the transmitter, the transmitter waveform is
essentially modified to regulate the propagation delay perceived by the receiver,
irrespective of timing offsets at the transmitter. In this case, even though the
transmitter’s clock (and hence transmission) maybe precisely synchronized with the
common clock source, it is possible that the transmitter waveform is modified to result
in skewed propagation delay measurements at the receiver. For example, in the case of
FLO employing OFDM signaling, the superframe boundary could be synchronized with
the 1 PPS signal from GPS. However, the transmitter could adjust the transmission
phase by employing a cyclic shift of the OFDM symbol buffer. The cyclic prefix for



irrespective of timng offsets at the transmtter. In
this case, even though the transmtter's clock (and
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the conmmon clock source, it &s possible that the
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facilitate accurate position location determinations at the receivers. In one case, timing
offset components 140 can be communicated between transmitter 110 and receiver 120
to indicate timing differences or adjustments in the wireless network to be accounted for
in a position location determination component or algorithm. Another case employs
phase adjustment components 150 at the transmitters 110 to advance or delay signals
that have the effect of compensating for timing mismatches or differences that may

occur in the system 100. In other embodiments, various combinations of timing offset



conponents 130 to facilitate determ ning a position or

| ocation for the receivers 120. In general, timng
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110 and the receivers 120 may need to be adjusted in

various enbodi nments described herein to facilitate

accurate position |l ocation determ nations at the
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transmtting the sane information content. [0026] The
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significant penalty on system performance. However, it is possible to control the delay
spread perceived by the receiver 120 at various points in the network by delaying or
advancing a super-frame boundary with respect to a synchronization pulse from the
central clock. Hence, in an optimized FLO network deployment, it can also be realistic
to assume that there is a fixed timing offset between different transmitters 110.

[0027]  Ina SFN deployment of a FLO network, the transmitters 110 are likely to be

tuned to operate a fixed timing offset with respect to a central clock (and hence each



spread of a channel would be | ess than about 135us,
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sog%aégﬁqg%segnégr%ﬁ?qqu.i on of timing offsets with
[o6299nal TREIFNE A MtsrfadeQREStic ol wiicH {s! éb’ﬁ{f;\@{@t%vﬁpg;e allows for

exanpl e system 200 that enploys timng offsets
caplp §pnsngitter] 31 @ torinsart ispmbols I(knavim 8s pasitipling pilotacimnidl) enigue to

a at_ 21 an he three. different FLO .

e o B SPATE R J DR LR eERAES e 230 o pfmate the
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phase and Trequency.
the receiver 220 from the transmitter 210 is determined based on the location of the

channel path in the channel estimate.

[0030] In the system example 200, let 7, be the location of the single path (or the

first arriving path in the case of multi-path) in the channel estimate based on positioning

pilot channel from transmitter A. Similarly, let z, and 7, be the delay of the first

arriving path in the channel estimate from the transmitters B and C respectively. If the



[0029] The FLO air interface specification which is
comonly avail able allows for each transmtter 210 to
w0 p®ens8ssynbol s (known as positioning pilot cheemekl006/037566
unique to the transmtter. These synbols can be
designed to allow the receiver 220 to estimate the
propagati on delay fromeach of the transmtters 210.
J il QN t i
CIOkR P A a8 216 SR 1 BeRRER 20 e Bnfthined in
frwueimmasgweh ras i sa, rtherg thiendistandehaft the redeaven eﬂrom\n thdn trhsngjtters is

it S5y bl 53t S SAedbdamepsrd vi

thé bﬁﬁﬁﬁlelﬂisﬁﬁﬂ&atﬂ&ﬁe\)@r Lo prededfd bt GAM % o?f%@fsta@ Eﬂe%ngrﬁﬁf&s 210,
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channel es 0030] In the system exanple 200,
[00331] t ashe ewagzsat,iwthnrecmsﬁhﬁeveéwigmlqghth (or the

first arriving path in {he case of nultb path) in the
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via the channel estinaté& Howe t he presence of

thé casend raitheaiBingloffste at ﬂﬁﬂ!ﬁiﬁhhitt%fﬁ 1@1{1,15 tihgulBAGE restiver 220
del ays at_ the receiver 220 should be corrected by

tofbe gt e Emingefiyseyales?30e deteanapppeipn ah@cam@ accurately.
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30fheAs ani lse hpm"emetedp itheye afe hé\@haﬂ po[sﬁBI&Zﬂecl&hqilésafolrytran§1hitting
.=(db +tb and Sc_= dc +t ¢ When, the .rel at]
tllalﬁvgt offiet %gmfl%@nr i%%- Q@SB ¢ 1iS (ghesletheh S sutficient for the

\ re&éi’@éi‘ttb MRSavade delIR! M offleR of Rhch 608 tﬂe{n B&itRO With regpect to a
locations are the FLOtransmtters) ocation o

coprineory eepbrpladoclcsushlas thelf6BS eleck blyothtrecomen klndvm met hod

tri ation met had . of tr ulat
10840t A0 5B ot i R B g, R fo? e Sransmiters to
broadcast Secinfcthation abot @lﬁ@tﬁnﬂﬂg@\ﬂ@eﬁfsﬁimei‘ﬁéﬁd %ﬁhﬁ@ls For instance,
transmtters A, Band Cwith radii Sa , Sb and

inthe K sysice) fre tinaing anfprmation dyoem pll thedransmittre ta gvewfocal area
cah $eo] nféﬁmeh' R9IRE ) %Igg’lg cp&)\;eﬁ%rzlﬁ rﬂl%otn%at?or? %9mb$lts) lvﬁlch is

usefu he recerver
specific to a given local area but changes across different local areas in a given wide

area. One advantage of such an approach is that the transmitter timing information is
localized. It is noted that it may not offer an advantage to a receiver to receive timing
offset information about a transmitter from which it cannot receive the positioning pilot
channel. On the other side, the local OIS field may be more susceptible to interference
at the edge of coverage than the positioning pilot channel. As a result, the receiver may

be able to decode the positioning pilot channel successfully while unable to get the



to be aware of the timng offset values 230 to

determ ne position or |ocation accurately. [0033] Fig.
W@2007/088552 at es exanpl e net hods for comuni cat i PGI/US20061037566

i nformati on 300. As can be agpreciated, there are

several possible techniques for transmtting timng

of fset information 300 to a receiver. It is noted that
tidning! iBifotmbfibe 6 thE Wcal bgs CREREY ©Ond Pl QYRGS ﬁﬁﬁroééﬂ% uld be

timng offset of each of the transmtters wt respec?
totinclade hmtinning exformadtionl io the wide raadO¥ShehiCRSranldmmove the edge of

ot her .common..cl ock. .[0034] .At 310, on 0ssi bl .
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usi ng over head synbols. For instance, in the FLO
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ch Fdges across different local areas in a_given w de
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prob&LRE %;atil? lof tth&TPIC | 3921?? bPBe! Berlefd! Sfibienty ik Sthjsecase to

noted that it may not "of fer an advantage to a Tecel Ver
faciditate dlwit \the tetastinp pfobskilityi of thenRC 65 nab offected in the presence of

rans t.ter,.fro jch i,t cannpt receive the
ac{%téqntaﬁgﬁqrﬂ]@%? F@%@ﬁ%g}e_sy@oghe other side, the
[00s6jal @tF0, & ehifRpokreb18TENTHSCRPirbidndt thning information is to
interference at the edge of coverage than the

brgadaagti nilagnas plothedrpmamétiers asa aop-sealitime MIC (MediafbP Logical
: LLEOn] | Lot _channel .
ClfhehBeRi Py diaat By 16 R BoRt it piHEMAEgmation
ML At BﬁO,I mlﬂigr @ltﬁ;cﬁhfambihhjgu@tnﬁtigftﬁé @ﬁtﬁrﬁfnfgt cfﬂ'éé‘{ information at
appr oag ul d. include the timng informatjon in .
thg fgnsipiger ﬁ?é@d&%&ﬁlﬁ dFosIBLicr WaxRova fP%@ee%é sypbols by taking
th€ ‘ﬁi’xﬁﬁé‘&ﬁse‘tssiﬁ’cbe&néitdefaﬁﬁn 6O kcRledaitd mtﬂeﬁﬁ\?\f tg:r“rig. 4,

transmtter timng information over a muc
[0838gr a¥g. daillusirates draehnipdasystens 40 Forbdpating timing [1I0@%&iion in

At 320, anot her possible technique to transmt timn
o PR B R nt At A S S S G g 1 are sown at
4100f ArsiEabl H6mi the LRSSt 410Mah DeRidy ficed BrABAYed BP0 tol decount
this case, the receiver can first estimte the channel
for pepsitde dinving differeneastingthe §ystery. t HeuspRQeteiven 43bmay be able to

St t: . . .t he t,im [ ti .
AR MAIERARES AR, bihae MhRLTRbh O cenvaie
cloakyashies@itied abevé. nThe asedpisaffddvadotiy dbiyddlayiidite €asRitted timing

f %i litate %{{w\t t he qSet ection probabjlity of the PPC
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sptk&i_ﬁod' %%de%dmg qg&j\éﬁ‘ 430€ 15 %10 Qll&t i1£ %?n%ﬁé)lﬁ‘t systafhy, 2 linear

hi ré possi bl € technique to transm
conmélutiomtaf cthe i chanwel bwith dba stansmitet negeat @h bdereated as a cyclic

cotn(fo Lfion }ft the gelgf sp%eancp OF the gflantnlelnig le'\éls' %agl'\{ﬁg Ic?c@?:?)rléi%g Ier%gfoyed by

the OFDM signal.

[0038] In this example, consider transmitters A and B at 410 with timing offsets d,

and d,. Let 7, be actual delay that would be perceived by a line of sight propagation
component based on the distance between the transmitter A and the receiver 430.

Similarly, let 7, be the actual delay that would be perceived by a line of sight



Channel) periodically and facilitate that the

recei vers decode this particular informati on M.C. At
W@2®;7/038%61 her attractive technique mtigates tPET/USI0061037566

of fset information at the tpgnsmtter by nodifying the

transmtter waveformfor the PPC synbols by taking the

timng offsets into consideration as di scussed bel ow
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cythe prBN BRbdrhiAE ond litheCaNsiBRL B8k %?fj i3 Qﬁ!hagptghe:ttranﬁﬂﬁtters).

to account for possible ti'rmng ditferences in
Wathstetays diharsl da at dearansmitdds) thayighal mbdiecd at ttereveivends given
position | ocations without having to determ ne offsets
b¥troma centralized clock as described above. The

cep f.. advanci ng or delaying the transmtter
[Oﬁgﬂi ngbgﬁa%’fg‘ is introduced in the FLO systemso as to

(004Ul aygn)-B8, @ £ SQE AR, BEL 3y SRupad as

percei ved by the receiver I'n ohe case, in an OFDM

[08¥Ht eNWHeRE A, (M)ead €A alelithe Vhakiel bhe ted diBhal with t&spbéio the
transmtted signal can be treated as a cyclic
traDOmitedr UA1 Of reprebdis Rl kiyead RoBASIun bp@atidta e lw(h$ ik €8S noise
than the cyclic prefix enployed by the O-DM si gnal .
adged 38the receiver.s retharpbeeof waffis icanel iramsvidd dres aetivorlndx Br) and
at 410 with timng offsets da and db . Let ta be
x,40) awd gedetally thetramevgrylxdnY)e percei ved by a |ine of
si ght rppagati on conponent based on the distance
lﬂ%ﬁmee singdhe propsiiics pEHNngRr saavalueon the ebyer eqagtion can be written
agol Mlarly, let tb be the actual delay that would be
berceived by a line of sightconponent fromthe
[0043nsnEytation® to the receiver 430. Note that
addi ti onal del ays da and db are introduced at the
[0944n s min(B)et 8. (hesh ) t=BEn)deh, 4y —p) B3@) tHiv(®) t a exceeds t he
assum ng_one |ine of sight _ conponent .

(04 H@&ef@tx_ttfﬁ% PP‘%SH’é’gﬁlttC_ iﬂgaell olen é@?jﬁ‘}sl%an‘aWd giyen by
F b s b PR B BBt bd SRR Dt ot e
e, e S Bl U Pl rk AL e e

sighiat hn rEBppEcen 1t cant e writters mks tthereyslic ‘tonegintiee misteadhef a linear
| i near canvol ution operation and W) is the noise
co }5@8 o%tﬂi“]'?e receiver. In the case of traffic channel
[0046]2 WEdEat@hea network, xa () and xb() are generally
the same (say x(n)) .
[0047] ym)=h,(n)Ox,(n—-d,)+h,(n)®x,(n—d,)+w(n),

[0048] or equivalently,
[0049] Equation 4

[0050] y(n)=h,(n—d,)®x,(n)+h,(n—d,)® x, (n) +w(n)

[0051] where ® denotes circular convolution. If the cyclic prefix is long enough,
then the operation of delaying the signal x,(n)by d,in Equation 1 to result in Equation
3 can be accomplished by circular rotation of x, (n)by d, in Equation 3.

[0052] Based on the above cases, the following is proposed for the pilot positioning

channel with respect to regular traffic chanmels. During the regular traffic channel, the



[0042] Using the properties of |inear convolution the
above equation can be witten as, [0043] Equation 2

WO 0®4438s9X n) = ha(n - da) *x(n) + hb(n - db) *RCTYS2006/037566
w(n) [0045] So that the perqgi ved channel delay spread
is now given by b -db)-(ta - da) and can be controlled
by introducing timng offsets at the transmtter. Wen
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channel with respect to regular traffic channel s.
inodicad by ke trapulitiers fordhé treffichrhamed] ,affed:tethq délay obweefdtions made
s in_the case_ of

inZp Y hibnial el fybtetuiivhe s SheRemd/aoriatcy sqbg receiver

asldﬁhg&@é@bf@ﬁbu’%l}cannot be enpl oyed to regul ate the
ef fective del ay sread of the channel. Therefore, the

[0933ns n&Eamohe prasiebilifie of es gery icyelia paefimnifert gres pldtl pogigoning
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hentwannel , thus requiring this overhead information at

r as di scussed previousl
(00dd] "CESLVEN 5 P Y

[0055]  y(n) =h, (1) @, , (n) + () ® %, , (n) + win)

| [0056] thus alleviating the need to send out the transmitter delay information to the
receiver. This technique can be used to account for the transmitter timing offsets
resulting from delays introduced as part of network planning as well as other timing
delays that may arise due to filters, cables and such other components, for example.
[0057] Relating to another embodiment, the above discussion may assume that the
range measurements are being calculated at the mobile receiver. However, it is possible

that the calculations are performed in the network where the timing information is

available offline. In this case, the receiver can measure pseudo ranges S, ,S,and S.,
where for instance, S, =7, xc, without taking the transmitter timing offset into

account. The receiver would relay the pseudo range S, to the network and the further



[0053] Gven the availability of a long cyclic prefix
for the pilot positioning channel, the transmtter can
wonao/0sdse2 ef f ect of the actual physical del aysPdEUS2906/037566
db by a cyclic shift of thejpositioning signal. If xa
() 1s the intended positioning signal fromthe
transmtter Awth timng delay da , then t he
f .
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the need to send out the transmtter delay information
transmittes cleskeexists . dugHi stimisghefifest or qlash edjustennt ot thectasmitter.
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cabl es and such other conponents, for exanple. [0057]

thepmmanccloek, tho falay nsspeamentstrom fbe zspeciveiteasmiicsncan also
inlfide %3 Hﬁgp& pﬁ% t&ie H’f(}hgﬁ tHE A uf B ntsrdiéh B&bv@g% the common

cal cul a he ﬁD recelver. wever, It
cl<pnksemdl:the rédenter tloek.c The ubmmoartdasais mopeadotiarmdknowr that needs to

net wor re the timng inf i s avail.abl .
et P 4 s s reror Bl efffie ieRen ionfaamin the
spa@dl ARSordhates: asSRell a@Mke Sock biasERY £11 HR sol A BN GRth B8 help of
=ta xc, without taking the transmtter timng offset

meastuseotso frm  Fdditionat eﬁraxemmmm d Ine pagticnhs, pseuffces to have
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avaRiBIE kkthSreiseet fohtBle Edhinog cadcmaaﬁ:e @ad abenihg ﬂmﬁﬂﬁ'rb@bﬂl’f@ is on
at the network. [0058] The above di scussion assuned

the isurfagen of the erfiny telsebk o5 ot dbg ypfﬁ i7h CerasAmgies aﬁowelh a@s the

oo R B0k Ao TodthRECHf I BpLRof i R ofopP st the
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hat this can_,be con der?d a specjal case and the

delayppasuremanilitomn ¢y t different transmitters.
[0059] Fig. 5 illustrates example network layers 500 for a wireless positionin
g p p g

system.

[0060] A Forward Link Only (FLO) air interface protocol reference model is shown
in Fig. 5. Generally, the FLO air interface specification covers protocols and services
corresponding to OSI6 having Layers 1 (physical layer) and Layer 2 (Data Link layer).
The Data Link layer is further subdivided into two sub-layers, namely, Medium Access
(MAC) sub-layer, and Stream sub-layer. Upper Layers can include compression of
multimedia content, access control to multimedia, along with content and formatting of
control information.

[0061] The FLO air interface specification typically does not specify the upper
layers to allow for design flexibility in support of various applications and services.
These layers are shown to provide context. The Stream Layer includes multiplexes up
to three upper layer flows into one logical channel, binding of upper layer packets to

streams for each logical channel, and provides packetization and residual error handling
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support of variqus applications, and. servi ces. es )
oSO et st S wORR RRing o raRtlon SOl 408 | Spesarriers),
proviaingdeperidt fioBl18 R EfoHRarce dofpBRdUiRPR! 8KaMRHe,! WRIS retaining a
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organized into super frames as illustrated at 600. Each super frame is comprised of four

pod

frames of data, including TDM pilots (Time Division Multiplexed), Overhead
Information Symbols (OIS) and frames containing wide-area and local-area data. The
TDM pilots are provided to allow for rapid acquisition of the OIS. The OIS describes
the location of the data for each media service in the super frame.

[0064] Typically, each super frame consists of 200 OFDM symbols per MHz of
allocated bandwidth (1200 symbols for 6 MHz), and each symbol contains 7 interlaces

of active sub-carriers. Each interlace is uniformly distributed in frequency, so that it



channel , de-nultiplexes |ogical channels at the nobile
devi ce, and/or enforces Quality of Service (QOS)

w0 eaiosssaent s. Features of Physical Layer i nclRdBEUS2006/037566
provi di ng channel structureqfjor the forward |ink, and
defini ng frequency, nodul ation, and encodi ng
requi renents. [0062] In general FLO t echnol ogy
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[0067] Fig. 7 illustrates a position and location process 700 for wireless systems.
While, for purposes of simplicity of explanation, the methodology is shown and
described as a series or number of acts, it is to be understood and appreciated that the
processes described herein are not limited by the order of acts, as some acts may occur
in different orders and/or concurrently with other acts from that shown and described
herein. For example, those skilled in the art will understand and appreciate that a
methodology could alternatively be represented as a series of interrelated states or

events, such as in a state diagram. Moreover, not all illustrated acts may be required to
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7505 tifRBRrsBeS aAd SR Y h N Hdfusted signals are utilized to determine a position at a

receiver or receivers. Such information can be employed to automatically compute

position location information that accounts for differences that may occur between
clocks and reference sources. For instance, time offsets or phase adjusted signals can be
received indoors to determine position of a receiver.

[0070] Fig. 8 is an illustration of a user device 800 that is employed in a wireless
communication environment, in accordance with one or more aspects set forth herein.
User device 800 comprises a receiver 802 that receives a signal from, for instance, a

receive antenna (not shown), and performs typical actions thereon (e.g., filters,
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appreciate that a nethodol ogg could alternatively be

represented as a series of interrelated states or
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PN SR ARD PIOY BB 1510 Shote M
(EERPROM]), i arefldsly noemngayt €Volatile memory can include random access memory

(RAM), which acts as external cache memory. By way of illustration and not
limitation, RAM is available in many forms such as synchronous RAM (SRAM),
dynamic RAM (DRAM), synchronous DRAM (SDRAM), double data rate SDRAM
(DDR SDRAM), enhanced SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and
direct Rambus RAM (DRRAM). The memory 808 of the subject systems and methods
is intended to comprise, without being limited to, these and any other suitable types of

memory. User device 800 further comprises a background monitor 814 for processing
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adj usted signals can be recgipved indoors to determ ne
position of a receiver. [0070] Fig. 8 is an
illustration of a user device 800 that is enployed in
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[0075]- | | PERr10 slasvyvet eRamplasceiviteRes Rem@ivnicaliO® é9dteht 1000. The

will be appreciated that the data store {e.qg., )
WikgRtSrooRIEeAtion sutie 148Q depipls Pnpbas siatioarng one fqrpipal for sake

i ry; ' : el
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terminals can be substantially similar or different for the exemplary base station and
terminal described below.

[0076] Referring now to Fig. 10, on a downlink, at access point 1005, a transmit
(TX) data processor 1010 receives, formats, codes, interleaves, and modulates (or
symbol maps) traffic data and provides modulation symbols (“data symbols™). A
symbol modulator 1015 receives and processes the data symbols and pilot symbols and
provides a stream of symbols. A symbol modulator 1020 multiplexes data and pilot
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menory. Vol atile nmenory canigncl ude random access

menory (RAM, which acts as external cache nenory. By
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information related to gerform ng the various actions .
estip@tipnn Symbek demedylger F04vefuather ropiyee g ferquency esponse estimate

fo¥ Hleldon @Qlﬁ[gn? grotcgssgr fdﬁ@f_@}?dr%ﬁlglda&%n‘foﬁmﬁgﬁ L tﬁ%%%\ﬁeyﬁd data
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i dentified and acknow edged. In this manner, base

[0078)t i o®mothe uplipk.ianT8 datarprogasspra 060 processes traffic data and provides
data symbols. A symbol modulator 1065 receives and multiplexes the data symbols

with pilot symbols, performs modulation, and provides a stream of symbols. A
transmitter unit 1070 then receives and processes the stream of symbols to generate an
uplink signal, which is transmitted by the antenna 1035 to the access point 1005.

[0079] At access point 1005, the uplink signal from terminal 1030 is received by the
antenna 1025 and processed by a receiver unit 1075 to obtain samples. A symbol
demodulator 1080 then processes the samples and provides received pilot symbols and
data symbol estimates for the uplink. An RX data processor 1085 processes the data

symbol estimates to recover the traffic data transmitted by terminal 1030. A processor
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so forth. [0075] Fig. 10 shqys an exenplary wrel ess
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system 1000 depicts one base station and one term nal
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filters, and frequency up converts) the anal og signals
mgy by amplemeated indwrd Wk, softyiges. oF @i coRBIRAtp thereof. For a hardware
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[0082] For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in memory units and
executed by processors. The memory unit may be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.

[0083] What has been described above includes exemplary embodiments. It is, of .

course, not possible to describe every conceivable combination of components or
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antenna_ 1035 to the access point 1005. [0079] At
werddeaslagsi nt 1005, the uplink signal fromterm nal

1030 is received by the antenna 1025 and processed by

a receiver unit 1075 to obtain sanples. A synbol

denodul ator 1080 then processes the sanples and

provi des received pilot synbols and data symnbo

estimates for the uplink. An RX data processor 1085

processes the data synbol estimates to recover the

traffic data transmtted by term nal 1030. A

processor 1090 perforns channel estination for each

active termnal transmtting on the uplink. Miltiple

termnals may transmt pilot concurrently on the

uplink on their respective assigned sets of pilot

subbands, where the pil ot subband sets maybe

interlaced. [0080] Processors 1090 and 1050 direct

(e.g., control, coordinate, nmanage, etc.) operation at

access point 1005 and term nal 1030, respectively.

Respective processors 1090 and 1050 can be associ at ed

with menory units (not shown) that store program codes

and data. Processors 1090 and 1050 can al so perform

conputations to derive frequency and inpul se response

estimates for the uplink and downlink, respectively.

[0081] For a nmultiple-access system (e.g., FDVA

OFDVA, CDVA, TDWVA, etc.), multiple term nals can

transmt concurrently on the uplink. For such a

system the pilot subbands nmay be shared anong

different termnals. The channel estimation techniques

may be used in cases where the pilot subbands for each

term nal span the entire operating band (possibly

except for the band edges). Such a pilot subband

structure woul d be desirable to obtain frequency

diversity for each termnal. The techni ques




descri bed herein may be inplenented by vari ous neans.

For exanple, these techniques nay be inplenented in
whaodnssse, software, or a conbination thereof . PEDUSA06/037566

har dwar e i npl enentation, thejprocessing units used for

channel estimation may be inplenmented within one or

nore application specific integrated circuits (ASICs),

digital signal processorscfRykhgd . digital signal

processi ng devices (DSPDs), programrabl e | ogi c devices

(PLDs), field progrannable gate arrays (FPGAs) ,

1 proc ss r's trol ro-.control

L o B aRahaLo SRR Bieindiion SUERBAICE e ers epipeely sogprising

per detéﬁIﬁlﬂﬁg R RCS IR0 InfOARLHIINIRIWBS £icBmnfh Aock and at least one

conblnatlon thereof. Wth software, inplenentation can
OtB@“t pugh nodul es (e.g., procedures, functions, and

The %}%l%sttl t rsé ' ﬁ&gbgﬁwﬁor gxgl’?terg eoné&%c% %egﬁl etgn aune offset

des ma
mﬁxﬁﬂﬁMgdn&y the processors 1090 and 1050. [0082] For a
sof t re .1.mpl enent atl]?ﬂf the techni ques descri bed
her e TREYNG 2 iNOPitORe i cthewraCRVRD (aseds I Pagf, on the time offset

lnparﬁeﬁgysle:ﬁea&u&e&gg&eofﬁ% SQmaRY. that performthe

functions describ herei n e software codes may be
stored in nmenory units and executed by processors. The

o, Te unij,t be i emented within th roc r ar. -
2.t el ecTi, do e POman, P s biSE (8 § @ipLB, posttioning
ﬁgﬁmﬂygmﬁatlvely coupled to the processor via various

nmeans as is known in the art. [0083] Wat has been

descri bed above includes exenplary enbodi nents. It is,

of course, not possible to describe every conceivabl e
3coanh%nm&ndoﬂWdanpoﬁehms brimghéroctolwipines cdromupicapgs e time
o et escr : g(g ae enbodi.nents, but one of ordinary

SKr O HPH a&rl? Sh%@fﬁﬁg%%%rm ze that many further

conbi nati ons and pernutations are possible.

Accordingly, these enbodi ments are intended to enbrace

all such alter atl ons, nodifications and variations
4.t hat Theamethigd: pf 1¢laime 3 firther eraprEwRs drapsmithieg dho digiag offset

r t at__fth

mﬁ%rﬁfg delg'L'g Fg%uéggdﬁfn%{ gnH: ZFE?% élgi |a8§ %iescr cfrocrllelaym‘c”
trapsmiithee tohiag e, a Booverd drink iGnly mbﬁvm‘le do tregl.ﬂﬁtel ancéfifisitive channel
dﬁn a nner SI L r. to the term"conprising" as

S0 §?H@wmyg the5F9Yed when enpl oyed as a
tran3|t|onal word in a claimCLAIMS 1. A nethod to

determ ne position information in a wrel ess network,
conpri si ng}@édeterm ning tinme offset infornmation

5.pet wEtehmgthed rafoHaim e khea FlOanetwetisis depdoysdnfor Sihgle Kirequency

Network (SFN) mode of operation where transmitters are synchronized to a common

clock or performing a linear convolution of ¢ channel with a transmitted signal.
6. The method of claim 1, further comprising generating at least two timing offsets.

7. The method of claim 6, further comprising controlling a delay spread by
delaying or advancing a signal with respect to a synchronization pulse from a common

clock.



adjusting a phase of at |east one transmtter based in

part on the tinme offset information; and determning a
w@om7nsss2 f or the receiver based in part on theCT/USM06/037566

of fset information or the a@?ust ed phase of the

transmtter. 2. The nmethod of claim1, the commobn

clock is based on a gl obal positioning system signal.

3. The nethod of claimof claim1l1, further conprising

communi cating the time offset information to at | east

one Leceivelr..4.. The thod of .claim3 ~further
8. Companaiicd peitein b ey fimsife Sriles gkt i fle affsct perween
at ldas@@woaranemiltetd. Nk Only (FLO) network; and advanci ng or
delaying transmtter timng in a Forward Link Only
network to regulate an effective channel delay spread
as perceived by the receiver.. 5. The nmethod of claim

Y e R

"Net wor tters are
pasymettr nindizdtet an advanemgrora delkyiog of er trarsmisstpnawith mespect to a
convol utjon of ¢ channel with.a transmtted sj.gnal . ..6.
coRBOth i asks cProfeliag roeyesitnh oot P RLIR, T RN, piRye rofi
re@lirdn®®sd two timng offsets. 7. The nethod of claim6,

urther conprising controlling a delay spread by

del ayi ng or advancing a signal with respect to a

synchroni zation pul se froma comon cl ock.8. The

th [ - faun 14 Si [ '

1 e ppEod i o s SRS ABIOFRL 1€ clftPhofix o
enable anestiaaticf ofdelyrfrdin trhnsrhiters thairpe fastherpwegndi ng a
positive or negative paraneter to indicate an

advancing or a delaying of a transm ssion wth respect

to a common cl ock or delaying transm ssions from

11t r anpiE fbMb8 of elaf@tll, Fnthes Yeohipeisio&fetermirit!h BBV Sistance of a
10. The method of claim9, further conprising

reegipérdiamn giree ¢orgneredyrewndogsitiens yiataangglebpe methadsst i mat i on
of delay fromtransmtters that are farther away. 11.
The nmethod of claim 1, further conprising determning

1R rehahéthed dhrsdeddifgniaf positiendhitemaficrom & Wittess metsR: system,
known | ocations via triangulation nethods. 12. A '
CORFIHEIE- f or determining position information in a

W T e SRk WP dasS¥sd Gfling offset between a receiver and a transmitter in

view of a common clock source in a wireless network system;

transmitting the time offset to the receiver or modifying a signal at the
transmitter in view of the common clock source; and

calculating a position at the receiver base on the time offset or the modified

signal.

13.  The method of claim 12, further comprising broadcasting the timing offset using
overhead symbols; in a local area Overhead Information Symbol field, or a wide area

Overhead Information Symbol field.

14,  The method of claim 12, further comprising embedding the timing offset in a
positioning pilot channel (PPC).



conprising: determning at |east one timng offset
between a receiver and a transmtter in view of a

W@ 0088562 ock source in a wreless network sysPERUS2006/037566
transmtting the time offsetysto the receiver or
nodi fying a signal at the transmtter in view of the
conmmon cI ock source; and calculating a position at the

158 Ie;ﬁg %ﬂédla_ o?nclai?ﬁ 13 orﬁrtﬁ%tf 6 Eggméurt q&& (%rr%n almanac of |

trénrsnntﬂseraétalvmg thb eirhingi offsep of Selhymgl g mvmbhepﬁbuﬂy rt‘amges to the
|n a cal area Overhead Information Synbol field, or
a t’éﬁ”@’ﬁ“@%r head Information Symbol field. 14. The
met hod of claim12, further conprising enbedding the
timng offset in a positioning pilot channel (PPC).15.
16the Aevirdess ppsitpaingsigems compvsingc onpr i si ng
br oadcast ac. of mtters havi th
0 o e tpl Ber R ind oghetBVies 5 unit sk g et feget ome
oth&recladkmaiagir€lesstietitsiki tters. 16. A wirel ess
posi tioni ng system conprising: means for determ ning

a t i mesy fof raismitbiag fhetimmecsivabin the waRleamestwerks and ¢
one recl :

U aracei of ahifng £ fhotthiil S50l BRRB K o SR Ygnal troquency
basetimparkon thedimmgoffsétor altering a transnmitter signal
phase or a transmtter signal frequency base in part

on the timng offset. 17. The system of clai m 16,

17.ur tUhRE sysRAP6F &aﬁglmﬁerfc@fn pEiRing ANk R RicAGAd #bcation for
for a device based |l east in part on the timng
a defisebased g laastalmsmlt Qreﬂlemrgmgloffshhsﬂee trgrsmifter signal phase, or the
llans emi;teg ‘%ﬁ frequency. 18. A nachi ne readable

G U A % ®hi ne executabl e instructions stored

t hereon, conprising: determning timng differences

bet ween a comon clock with respect to a subset of

18-r anbmiveehipe gpasiaRle; medivrruhpiag Rachinme exqoufably instructions stored

e %ﬁﬁg o at | east one receiver; and adjusting
thg#?éﬁ’t(’roa smtter clocks based in part on the timng

di f f éstemndridg timing differences between a common clock with respect to a subset

of transmitter clocks;
communicating the timing differences to at least one receiver; and

adjusting the transmitter clocks based in part on the timing differences.

19.  The machine readable medium of claim 18, further comprising determining a
location for the receiver based on the adjusted transmitter clocks or the determined

timing differences.

20.  The machine readable medium of claim 18, further comprising employing

triangulation techniques with the subset of transmitter clocks to determine the location.

21.  The machine readable medium of claim 18, further comprising a component to
perform calculations to determine timing differences between transmitters, receivers, or

a global positioning clock source.



19. The machi ne readabl e nedi um of claim 18, further

conprising determining a | ocation for the receiver
whamed3ssn t he adj usted transmitter clocks or tPEI/US2006/037566

determined timng differ en?s 20. The machi ne

readabl e nmedi um of claim 18, further conprising

enpl oyi ng triangul ati on technl gues with the subset of

22 SR e SRR ST 1 P SRt o

det&@ilhE héwBuch RAAPQRLYr delypehbmaltter dadadedstst inandertto account for
_determne timng differences between transmtters,
timing@fiorenses. or a gl obal positioning cl ock source. 22.
The machi ne readabl e medi um of claim 21, further
conprising a conponent to determ ne how nmuch to
23.adv@he maohind ed:ﬁyblbmdﬁnhbf elairb 18 aficthst sompristngignoviding one or
account .for tim,

di fferenc The ma . .
mofe e Afveces |I’Eﬁﬂ“8? oz mgytetig SYS?‘??P {’ﬁ%}ge%o‘?%?? ?eﬁgack is received
froRY QY td} 81380 PciliiRk AeleRfinifleiieforitRnsmitiet SiEndlQbjustments.

potential system changes, where feedback is received
fromthe test devices to facilitate determn ning

40 ¢ Ak bt BBl Wi S Yoforthe o Ofinponent to

traﬁéﬂﬁlﬁééxfsid@ﬁ titheGIFEPIS lﬁﬁdl utitige 4o z&]j@dtﬂﬁle signe! tsauntce td adyance or delay
offsets and utilize an adjustable_signal source to

timiR, whererarogaiential oy ‘?}P%C%@W@W @pfent al  or
el ectrical conditions change. 25. The nachi ne readabl e
medi um of claim 24, further conprising changing tine

250f f Tat marhirs gaddbld meiliug b skin Pdo furthen sethptising changing time

chani s .26, A_machine readabl e nedi um having a

Offgéf gt %‘ﬁ“ﬂg g based raep PIRRdEIoRP mes ?@ﬁ ng: determ ning
timng of fsets between a common clock wth respect to
a subset of transmitter clocks; storing the timng

260f f demscliine eaaditientedinehayinge date Sauctusdiated Berron; Gognpising:

tr ar&S%‘l LSt tslalg-ﬁa gs%gsas gc?rnne]: 55“1’:{#‘8{} %Yc{cg%lﬂis{egﬁ&ii tJ 2'Subset of

traﬁ§1ﬁ§@f§10b1& the data field. 27. The nachine readabl e
medi um of claim 26, further conprising a | ayer
conﬁ@ﬁ@ﬂtth%‘&wnggof&@tsll’éaklﬁaséﬁée datafiekhgad cal " | ayer, a

str ‘
L PO R BRSPS, hofelomep dsmiriaPSt s ot o
device badeddn para or tHel terhithg odifserts hmﬁlefdla‘eal fild.an over head

information field, a wide area field, and a | ocal area
field.

217. The machine readable medium of claim 26, further comprising a layer

component having at least one of a physical layer, a stream layer, a medium access
layer, and an upper layer, the physical layer further comprising at least one of a frame
field, a pilot field, an overhead information field, a wide area field, and a local area
field.

28. The machine readable medium of claim 27, further comprising a

component to determine a position for at least one wireless device.

29. A wireless communications apparatus, comprising:



28. The machi ne readabl e nedi um of cl aim 27, further

conprising a conponent to determne a position for at
WO e@3n3sseEe Wi rel ess device. 29. A wirel ess PCT/US2006/037566

conmuni cati ons apparatus, Ccegprising:a nmenory that

i ncl udes a conponent to determne a tine base from

time offset paraneters received over a wreless

Nt VP KmoRainBRAEES &lipdPRlto UBloRh oM inE bRABHIH e offset

for at ]ine St one recei ver base on etine o
papEmEtemreresvedrover mmxslegsmaﬁtwoﬂc pinrhse adj ust rrent s

received fro tr[y ({Lﬁ east one .tr

&4 gt

appét HPEESYt eys afPHF’PH’é °r86n}1¢6f‘i %‘}eﬁﬁc%YPé %a%e e time
ofERIPRARBlets drdrdif 6RHA o phave\wa udinkdriikrecBivyd Hotnat SabiHy)

tinme offset paraneters, or adjusted transmtter
transgpitiars. 31. An appar at us for oper ating base station

resources in a wireless positioning network,

conprising: neans for determining timng offsetsfor a

30s et _Dhe dpparusus dftobim, 29 Raher dodiipris®iidib crahérd goipPenents to
offsets to at | east one receiver; and neans for

de&aﬁleu% g"%ﬁ’%‘il Ly Oplyslate shpary, meg ﬁﬁﬁetma@a%ﬁé%wr@éwsm gansmitter
m%ratis of transmitters in view of the timng offsets. 32.

ne apparatus of claim31, further conprising neans
for coordinating with the receiver to determne a

582" G B GRS Yo aBERE PeBB

network, compnsmg.

means for determining timing offsets for a set of transmitters;
means for communicating the timing offsets to at least one receiver; and

means for adjust a signal phase or a signal frequency for the set of transmitters

in view of the timing offsets.

32.  The apparatus of claim 31, further comprising means for coordinating with the
receiver to determine a position for the receiver based on the timing offsets or the

adjusted signal phase and signal frequency.



