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{0003} Oue technology that bas dominated wircless systems is Code Division
Multiple Access (CDMA) digital wireless technology. In addition to CDMA, sn air
interface specification defines FLO (Forward Link Only) technology that has been
developed by an industry-led group of wireless providers and is related 1o Orthogonal
Frequency Diviston Multiplexing (OFDM) protocols. In general, FLO has leveraged
the most advantageouns features of wireless technologies available and used the latest
advances in coding and system design fo consistently achieve the highest-quality
performance. One goal is for FLO to be a globally adopted standard and is delivered as
part of an OFDM Single Frequency Network (SFN),

0004} The above techoology was designed in one case for a mobile muliimedia
environment and exhibits performance characteristios suited ideally for use on cellular

handsets. It uses the latest advances in coding and interleaving to achieve the highest-
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{0007} Systems and methods are provided for expanding coverage of an OFDM
broadcast and nitigating interference in a wireless nefwork, An embodiment allows a
reduction in the number of fransmitters required to cover a defined broadeast area, with
substantially no loss in data throughput. Additionally the average signal to interference
and noise ratio (SINR) can be improved by advancing or delaving transmitier

broadcasls., In addition, by advancing or delaying wireless broadeasts, noise
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BRIEF DESCRIPTION OF THE PRAWINGS
0010} Fig. 1 is a schematic block diagram illustrating a wireless network system
employing phase adjustments to mitigate signal interference,
{0011} Fig. 2 is a block diagram Blustrating a prediction tool to determine network
phase adjustiments.
{0012} Fig. 3 illustrates logical modules for determining  transsmtter phase
adjustments,
{0013} Fig. 4 illustrates sn example system for adjusting timing information in a
wireless system.



| 00 | Fig. 2 is block diagramillustrating a
prediction too! to determ ne network phase
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for determning transmtter phase adjustnments. | 0013]
Fig. 4 illustrates an exanple system for adjusting
timng information in a wireless system|0014| Fig. 5
is a diagramIllustrating exanple network |ayers for
wirel ess system |0015] Fig. is a diagramillustrati
g an exanple data structure and* signal for a wreless
system f00.16] Fig. 7 illustrates an exanpl e phase
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strength assocmied with the respective transmit sites for mobile stations being located at

locations within the geographical area.  Also, then calculating a SINR based on the
determined field strengths and adjusting the calculated SINR based on an applicable
number of the transmit sites.

{0021} {tis noted that timing offset can be considered a mismateh in timing between
a transmitter clock and a common clock source which leads to synchromization symbols
at the transmitter being tranwmitted at an offset compared to the common clock
synchronization signals. For example, in the case of Farward Link Only (FLOY) signals,
the superframe boundary at the transmiiter is generally expected to be synchronized to a
1 PPS signal from a GPS. However, due o timing mismatch or sometimes intentionally

for nerwork optimization purposes, the superframe boundary may actually be earlier or
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ransmitters 110 that communicate across a wireless network 114 to one or mare

receivers 120, The receivers 120 can inclade substanti ally any type of communicating
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be provided to determine a field strength associated with each tranymit site and can be
determined for each mobile station located at each location within the geographical area
by using several parameters associated with the transmit site including transmit hei aht,
power and s0 on as will be described in more detail below. In some embodiments, such
determined field strengths are combined based on time arvivals of different signals at
cach mobile station or receiver 120 and an estimation mask is employed [o calenlate a

SINR. Such calculated SINR may be adjusted based on an applicable number of the



surrounding smaller cells. By advancing the transmt
time of the larger cells via the phase adj ust nent
woanpmaenwts 130, the delay at. the edges of theCt/us2007/061163
coverage are brought back jato line with the bal ance
of the network 114. jf0026| Based on a certain network
configuration having a certain nunber of transmt
sites at certain locations within a geographical area,
a prediction tool 140 can be provided to determ ne a
field strength associated with ®ach transnit site and
can be determ ned for each nobile station | ocated at
RV losHsi I W tthe wepgrapbjedighiap ndaby assaniyig ulbafngle signals being
f’tﬁa\é{ﬁ{ﬁt{t encgﬁ’??{;ﬁ{ﬁg{ﬁ%sﬁﬁls Qi(f%?aztne&gw ;Bg'blneg & éi% &.[ng K i\/\f qufm%ré within the
deoeriphisd! 4102 Ay sebilstedd rb \balu@\mg lwhish mtegnftmd ame dlsgibuted.
such deternmined field strengths are combi ned based on
I PR2Tlar r (Rralcsicotatel] oof sffened SR aly ftthealohusatiy ga'eﬁit:lmn tool 140,

€ t ma | o

ﬂgflij’lhg% g\ﬁ%wé%rd &é ofdr ;H: tcf S 15'? t‘s&'g%Nﬁl ?Tﬁ arboéh%gtjoatg? gdc’g network
hﬁg&gﬁ{ﬁ@ m@agﬁm&ma@mam émbgmrgcmﬁzm Het rananl ty p&zbhﬂ‘Smlwlsﬂ\b such as
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N B8P AR LSO ST L B ot 140 o
gach dmﬁwla&ahtataﬁdﬁ?‘am siagh fragehtRetdiRl (BN, networks including
q}e‘&% pﬁg?f ! re subj e ed t o shadow ng, ichis
R Tk 8f HiptisEgn TEEB7In RS alVRaF R i offsets, and fog

amamsn @dniﬁh:hd@ nm;ecﬁm Fhredrs bahy @&Qambn%@ﬂm \3%13& %edmcd SINR
cul ated or determ ned such

357 BRHEr CBBIERRon B fan ittt aRAPrgHomRER ime and chann

p:lamnnmmby ﬂbﬁrd&&ﬁf@ &Bﬁad‘ 010, SQV&QLFmiﬂLt%Ex%%&f KRl %ﬁ‘tlﬁﬁdimrz of log
OFDM net wor ks, for exa

and
ﬁ’émf}rbé‘ﬂi?&?wgﬁi’é’é‘éﬁ cnbe PRt ge SOTt S Ehe s awgﬁmwf process.

Sﬁ% }gl e fre enc,y net wor ks (SFNs), networks
i di B HEF ErpT ‘“t‘\l AR AR vieaievarko! 14 ey bavesk cembe deploved for

Rk S FrédiRASHTNethbAE %_ Offrpeictic ANShdrAt:N %@@J tf&%&ﬁh{%&s 116 are

correctiop factors. prediction tool 140 provi
ig B SHER ENR $gRmgn %‘fl*t PR G- c otk goslasbeseofor example, could be

tdeARsTrbiel 1198S 6idns!l POWRHS GHl M@Blfgé n‘ﬁ}a@[}gn&%?}e(@ %la\eimm can

stimation by theé receiving deévi
bﬁ?ﬁ@&%ﬁ%z%%mébﬁmqﬁawdﬁlwozr M}mméipmk« (SiFgpRd) signaling and can be

deghid DM dep RS é‘s@@mlﬁﬁaém%t sy Qﬁzegerott a fi 08 \Q{Rﬂﬁ%aggw than abaut

ad] ust ment process e exanp 18" of
AT ol axpmplen&Vhen wgikole @”ﬁﬂbeﬁiéapi b(yeu: YigbleSiongk@eiver 120, the

RERJUSRCM é@%&é&@é% tSfY) regﬁqgr f o 3&5&%;}' 98 ll\*/s\@ %il%‘&:% position of the

transmtte 0 are synchronize

sgreefromhersesineniterd or  exanpl e, coul d be deri ved

froma | PPS signal fromthe GPS, for exanple. The

{429 i tinedPiR EaTasr # éaﬁpbﬁéifbﬁ@édh@mt@l\tdmﬁbhal close to ane of the

& %@QM%@&VI 10 SO MU RS RGP R (2L 908 e In :giame ay spread.

Ii' the resulting delay spread exceeds the design specification of 135us {or other
reference), it can inour significant penalty on system performance.  However, it is
possible to controf the delay spread perceived by the receiver 120 at various points in
the network by delaving or advancing a super-frame boundary with respect to a
synchronization pulse from the central clock. tlence, In an optimized network
deployment, it can also be realistic to assume that there is a fived timi ng offset between
different transmitters 110. ¥n a SFN deployment of a forward link onl v {FLO) network

for example, the transmitters 110 are likely to be funed to operate a fixed timing offset



desi gned under the assunption that delay spread of a

channel woul d be | ess than about 135ns, for exanple.
wolreer/ooulet i pl e transmitters 110 are visi bl e t oPaT/US2007/061163

recei ver 120, the delay spread perceived by the

receiver is a function of the relative position of the

receiver fromvarious transmtters. 0029| in sone

cases, it is possible that the receiver 120 Is close

to one of the transmtters .1 Q and far from one other

transnttter thus resulting la I%arge delay spread. If

he resulting spread exceeds the design
\‘?f)‘é}f: FEPEALP 8 r‘r‘“’é‘ﬁ 'ﬂ i ‘f’p(ﬂl‘s('l(lé heptheachraie) nenizktbedeay spread seen

| G reEiOEN f”'(%@tbeﬁ@é"t%l Ve]a} faﬂ% erf or mance.
However, it is possible to contr e del ay spread

qe03Ei Ve@@y‘? tingsikReeiav %[ et nlodf a'ﬁéoo YSr ?@te@x’ﬁ%n g e ork phase
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J shhales a prediction tool 200 for
?’3‘?%’?1 ngi {m‘t WOk phase adjustnments. As noted above,
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tlrtaa'gsmmétem&tre ThesdrpRLANRR P pRLDowan J Jtp@&h%!ﬁ’ ©eographic area which
transmitter heights, respect ive transmi ower's

'?"‘aﬁ TS TIREd st ahRIC AFOBR SrEeieaeT @@@ Eha§HSR 210 is then

eﬂttﬂﬁﬁﬁl Qﬂ&dbié, NEne Bxﬁ@%@c&%@'a\ﬂf&%ﬂdﬁy 'isﬁ&%"n &Q@cﬁ?&n associated
so includes applying appropria

Thi
E‘(St g’t‘?t éez a§1 FaBFPidgds -‘é.%“‘ébrﬁ'f% A rdaipfe Ib’tfgn;cihb | This process
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RARSHRYS ?% @ Jupsei &€ shepgts. satetﬁmarm ba rﬁmﬁ en Chp oy & édlI\Rn:t\m a specified
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At 240 and , refative transmt
T ke nfuﬁa%wesnr prepgrlyatamenpiand rtcslaacéu&tmsﬂmie;rreder phases in a

2vgh hbenmaRPlrachigugr a specified geographic area
Which can a o be inported as pa rt of the network

pasanet anig, 320n«hes %‘Jﬁ@ai VARCAAN §&F Bor determining transmitter phase
adjustments. In an example, the logical modides 300 cooperate to determing network
phase adjustments for a subset of transmitters in a given geographical region. This
includes a logical module 310 for analyzing a network havi /ing a subset of transmit sites
al tocations within a geographical area. Such module can include software tools of
algorithms that consider one or more network parameters. At 320, a logical module 1s
provided for determining field strengths associated with the subset of transmit sites for

mobile stations within the geographical area. Such mobile stations can include cell



cal cul ated according to tinme differences and adj usted

for known corrections associated with the nunber of
wonrenTadst ed signals, and their relative strengCingiS2007/061163

This process effectively incorporates the statistics

of multiple partially independent |og normal shadow ng

for a subset of signals. Qutput of the tool at 210 is

a SNR over a specified geographic area, which may be

| oaded back into a existing togl or else inplenented

as an enbedded function in a nétwork planning tool for

?Just|n transmtter phases in a given network of
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51 0 @bgiha. mF Bat ate b6 Hden PRASHT RIBALS 86 Bl s‘?ﬂhﬁﬁ&’é@s 410 can

k(k]e devi ce th i ndi cate the rel aT|ve stren
gg éiélgﬁ(bft)i & 61‘1%' 10 REEHIY pb)‘f, au@p&}en‘tmxnw differences or
imafaghddsehn ﬂtféa%%te%?t tTiRg wrﬁtept?’%@ ad@'ﬁrln&grlr @l gd %?l %ﬁ d Jransmitter

row de éor adj.usting a phase ot l'east one-
it 8o B&%‘é@}wéﬁ 1% K gettemp rﬁOnf@dmi mahfaeﬂ?enﬁhacm ‘e channel

&ﬁﬁ{ Q[)ﬂzaci-ﬁti' pRedeR@ 1f ih'gqu:lgmcﬁb ' ﬂ\CLng el 6CLI ?{}gﬁ\i{t‘gs{em the

software controls that allow respective transm
B’ﬂ?ﬁéﬁ@é‘@ﬁ“@‘épéﬁ‘%@ééﬁ%ﬂh Viee bﬂ@ﬁdﬁa@sl%n@m@l bd treated as a cyclic

der i e, 1 perf.ormnee .|
ﬁcﬁert %zrii& zipﬁk JB Mﬁé&ﬂﬁ Fgfééxﬁxg{]ﬁs oS igxglrifg?]\ ge ‘s§}§t{“rﬁmpl°}f‘*d by
ﬂ?@d”f%%‘ *&E&”ﬁstl ng t| m ng information ma wireless

1 t t
RRSSL' oMbgUanam Lt GRS i r%ﬁf’ tgpine offsets o,
aipkoyadt A & %@Jl éitfﬁgrﬁl ¢ LHARY Ak t{i\'e(ﬁg\p q it é}? St ,zp@opwatimz

advanced of del aye O to accou
@hﬂﬁtﬁm‘(een@esedobn | thE elif:@rensas cbf th@%a%)!x%ﬁ?é?n ‘\T‘Dﬁi the receiver 430,

um]c gtf radggr%}(}:l ng or delaying the transmtter

A e actual delay that would be perceived by a line of sight
component from the transmitter B to the receiver 430. Note that additional delays
and o, are introduced at the transmitters when the delay spread =, ~ ¢, exceeds the
cyclic prefix (assuming one lne of sight component from sach of the transmitters).
With delays d, and J, at the transmitters, the signal received a the receiver is given
by

Eguarion 1

¥ = A ryrx (o d, Y+ Bo(ays x,(n~d, )+ wn),



timng at 420 is also introduced in the systemso as
to regul ate the effective channel delay spread as
woeow@oesd by the receiver 430. In one case, i RCAUSBDNG1163
s mthe |linear convolution of the ha el with the
transmtted signal can be treated as cyclic
convolution If the delay spread of the channel is s
than the cyclic prefix enployed by the O-DM si gnal .
JQA035J In this exanple, consider transmtters A d B at
410 with tinming offsets d and & . t -r be actua
elay that woul d be perceived by a Iine of sight
gP gat MBI oinhBhsISt ¥bis eate she thenng! stdice sigativeah respect to the
the transptter A and ghe_receiver 430. Simlarly, let
JEPPRENA R ual FRISGIE AP HRew eoelyncepsratotbynd W imes the noise

P3| G TP L4 SRS L Sod it .0 an
af.@n) 3“"[%&%5’ 1Bd Séﬂk@ﬁg{y'wéﬂ tters when the del ay

spread th exceeds the cy c prefix (assum ng one

libeEriof Bisglsthe prpanentoflinest easbhefonti€ above equation can be vritten
t.lgansmtters). Wth delays da and d at the

tfansmitters the signal received at the .receiver is

qﬁi\(lenib . Equation 1 > (") = hLin) x 0 0 ?- d a) + hh
R ORE - dh) +w( f ) ,JO036] Wiere //"(>>) and
X,..Q), are the channel and the signal with respect to

t he tr}gﬁzmﬁfﬂk’é?‘“}:?*f&ﬁr debht -emé(’g'r*ﬁ‘éfé’ﬁ convol ution
operation d w(n) is the noise added at the receiver, n
Shehutabe pofcdvaf fhapnelctdmnepredd & wheariaeeBy net W;&va {(z, ~d,} and

V\%ﬁa d x rt% are %eneraljy the sa e (say x(? )
HOBY [Forgp! h&prypest tegeotiicindabe somvolitri dWhehee effective
abay aprguakieg §an He Wikl | L 2.¥6" W edds

) ,dy) ir g,) ““hh (N fﬁe'd%bsﬁtfi ?E%fﬁfsggg%le%\%gt '%T’%ﬁé ih )&c{uatzgxn ! can be
perEa oy & wwlnsenvaetayingisad atia liscaranwngdludnn b¥hgs | ~- d
2';§ﬁt'a ' ~da ) can be controlled by introducing
HIHPHER df f sets at the transnitter. WWen the effective

del ay spread is less than the cyclic prefix, the

recei véth S¥ghalr® k. @quati+on (1) @anbedwr t{an as t he

cyclic convolution instead of a |inear convol ution.

Thus: or equivalently,

Eqguation 4
¥y = B (e~ d O x (1) + A (11— d,)) D x, (1) + win)

where @ denotes circular convolution, If the eyclic prefic is long enough, then the
operation of delaying the signal x, () by ¢, in Equation 1 to result in Bquation 3 can be
accornplished by circular rotation of x,(m)by d, in Equation 3.

{0038 Based on the above cases, the following is proposed for the pilot positioning
channel with respect to regular traffic channels. During the regular raffic channel, the
cyclic prefix employed is typically short €512 chips in the case of FLO) and hence, the
cyelic shift technique discussed in Equation 3 cannot be geploved to regulate the
effective delay spread of the channel. Therefore, the transmissions from the respeclive
ransmitters will be physically delaved (transmitters A snd B by o, and &, in this

. s & .

example) to meet the cyclic prefis requirements. On the other hand, for the positioning

pilot channel, a long cyclic prefix (of the order of 2500 chips in FLO, where chips refer



Equation > ( ?) h a (n) (r) x0? - il ) + hhi;ii) xh
(nd) +wW"), or equivalent! y- Eti ua oti 4 y(h) -

woO 2007/0d0oosy xa(") + (n ~~d ) . (") wWn) where #enwsSe®7/061163
circular convolution. If the cycHc prefix is |ong
enough, then the operation of delaying the signal xt
Q)by i 1 Equation .1 to result in Equation 3 can be
acconplished by circular rotation of x..,(n)hy d xa
Equation 3. |0 3 Based o the above cases t he
following is proposed for the pflot positioning
channel with respect to regular traffic channels.

Darkitgenchded nguikdale packer) mayHanerepioveheo @ycb icpalgeahé xstimation of

E{%%\ro)ﬁ%)g} e’%&yglu‘t:sﬁx ,i](tgi‘: F‘R; t g%%%ll{z &%Vgl\;ﬁ ?” 8§d éefdltg% L@g%ra d and d
| iRt BakRH IHQ rihé*’ tfﬁ@ﬁﬂ@ﬂe: sbl%t RNy &ﬁ%%h&@a&ﬁ %% ‘f}@ ? obsﬂ\ ations made

effective de spread of the channel ere
tirdhs ﬁi’%&?*ﬁ% Pf ?loqﬁaff el Hais peqiitive this aﬁ@ﬁwt éiff@uwhbh dpghe receiver

Q{g}fgécg@eh*rg%lay@d (transmtters A and B by d and 1 in
this exanple) to neet the cyclic prefix requirenents.

Af08MNe ofhesn Hhel availalihy pbsi ferancrgipitketx dhanelpiloa positioning

f 2500 h
S O A iy B .
QQ!CEE‘EI’}&@M.%@E@ Qoﬁﬁoﬁﬁggﬂﬁﬁi eyt pe Gstd pRtl 1&9'@ {)ﬁs@ 91%’1%10 signal from

e
fromweak transmtters that are ?ar awa

dat ayssiBlted A witht §:a0uceda by t I?I?ent ﬁ]@r\%ﬁﬁt@&%a‘;]osre k I?:Et a ovclically
traffic channel affect the delay observations rraa

tshetglosdrsioorgivar by .ot (ehahnel Simildriyceailiy 008 (b lsﬁanai from the
overhead information at the receiver as diScussed

preavindts B, Dwwosgpe Gresence hidlaagaivichbipkétby Bfostion 8nig still valid and
qygld.c prefix for the pilot positioning channel, the
transmtter can undo the effect of the actual physical
d&ha¥fndk and b by a cyclic shift of the positioning

signal. If x p(n) is the i te ded p05|t|on| ng si gnal

from t{]@t;pgan htte ?}A ]%NI{);%L&I&HH@ ﬁl)ay_ < then the

transm S&R a cy Shifted version
Slmlarl cllcall shift the signal
d pyith A

€3 3 & q;'%;x éﬁg REPY & s¢n £ drapsgithy dgtpciafgmationgo the receiver.
CiHed {&hﬂ(}@é ki bEQUR tPRocBukt B ihd ¥ @rhitle ARFAEBES s resulting fron
%eP%s Iz:%?cduced as part of network planning as well as other timing delays that may
arise due to filters, cables and such other components, for example.

{201 Relating to another embodiment, the above discussion may assume that the
range measurements are being calentated at the mobile receiver. However, it is possible
that the caleulations are performed in the network where the timing information is
available offline, In this case, the receiver can measure pseudo ranges S, 8, and S,
where for instance, S, =7, x¢, without laking the transmitler timing offset inlo
account. The receiver would relay the pseudo range & to the network and the fusther
corrections by the timing offsets ean be easily carried out at the network since the entire
almanac can be made available at the network,

j0041} The above discussion assumed that the receiver clock is closely
synchronized to the common clock and a mismatch between the common clock and the
wansmitter clock exists due to timing offset or phase adjustment at the wansmitter.

However, note that this can be considered g special case and the receiver clock need not



y(n) .k (n) >v (t) +hb(") xt O) + w(n) , thus
alleviating die need to send out the transmtter del ay
wonbwrovetsi on to the receiver. This techni que caaThis2007/061163
used to account for the transmitter timng offsets
resulting fromdel ays introduced as part of network
pl anning as well as other timng delays that nay arise
due to filters, cables d such other conponents, for
exanpl e. | 004 | Rel ating to anot her enbodi nent, the
above dlscu33|on may assumne that the range su ne ts
re bej ated at the npbile receiver. However,
i1e §¥ ’Cib’é?gkﬁ It‘ét tererupas olosikc Whet Bresreest eerpdediotsrmed simhronized to
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not e “that this

n t t However ,
?‘génH%%)dng Shuf "aﬁgﬁ { @ g(} "Rl BeAATH e el esan weflosithe common
ched ot atitle tmmsym clfmrma laBeshct Of HREHAAIP B0k 884 at WeR ceiver (e,
;? J.ece i ver. cl oc ot synchroni zed to the commpn

h%’\ d%l*‘é?“ﬁ‘@&%’ﬁir’l et PRGAT Kockeseseliliges to have delay
NHARSBIrhB o afy., ahie difGLMAe@nEeIYDN bias r which is
g‘ﬂﬁu moupt gf msrmtch bet ween the comon cl ock and
?ecefq%r UUSERes TRl rRROB Ky eissSORotr anviilss system where
dpkeneetvéd derd Froh? nle EOBRWMEAd1iR REG L HQ&Q:} obRe dexcnbed above.
i nates. of the receiver. 'I3l e unknown

- o[
Ee"é‘g&tl ¢ & goor%if nEttedacgs spetificaony hencimqko@nais @ad services
abir e*@@rz&@%%@d};kﬁr‘w\ﬁ’r&ﬂ ﬁ}%ﬁ&ﬂ&@t (QS 12‘?1@1%{ E g%gdel hd%’nw Layers 1

addifional transmtters. n part
fRivecablasen SR8 ard Layend (53ﬁf@drml§|hﬂfee)réﬁlt tfnfaﬁsm Linerisyer is further

SR abd b ;md“&;b%( S&t uaz'?:tgr TRLL0R & %\ggk%ﬁ%g‘w\ﬂ layer 506, and

respect to the commdn clock-source an
PHRUE ctibrloer P& o Winer duavieerc 810 fintlnde ébSIt hyprst B-7Sehd/ @an include
E&ﬁpx@%&z totf'%nﬁ QQ}EB&%' o‘ﬁﬁet@ r gﬂc@?sl géntl tnﬁxéhi g%gl‘é’n 2longs with content

common cl ock bl as recel ver.
Pk Bl of eekob f‘égi ragticphelrebbA éme@* ses, md‘leﬁ@! Meltiplexing and
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{0043} The FLO air iaterface 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 1, ayer includes multipiexes up
to three upper layer flows into one logical channel, binding of upper layer packets to
strears for each logical channel, and provides packetization and residual error handling
functions.  Features of the Medium Access Control {MAC) Layer includes controls
access to the physical layer, performs the mapping between logical channels and
physical channels, multipleses logical channels for transmission pver the physical

chamnel, de-multiplexes logical channels st the mobile devi dce, and/or enforces Quality



nmeasurenents frome.g., three different transmtters.
[0042] Fig. 5 illustrates exanple network |ayers 500
wobano7a9tder el ess system where data recei ved t hePeTfusenwr/061163

may be enployed i the .frequency bl ockvs described
above. Generally, the FLO air interface specification
covers protocols a d services corresponding to Qpen
Systens |Interconnect (OSI) networking nodel having
Layers 1 (physical layer) 502 a d Layer 2 (Data. Link
Iayer) 504. The Data Link layetdis further subdivided

ers, el Medium Access (MAC) sub-I ayer
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whi | e effectlve
‘I‘fér—’@éﬂt% eMih@itMrmAksre 1*@-‘@&% cxath Rnanzd heldxﬁﬁgn dﬁﬂa@ys e fv, FLO

t‘f‘&ﬂsﬁhﬂé& s&&agﬂs& S&ﬁl‘?’ze)é ]; szxpersf rames :las il ustr%eg at 600, Each super
frame is comprised of four frames of dala, including TDM pilots (Time Division
Multiplesed) 604, Overbead Information Symbols (OI8) 606 and frames 808, 610, 612,
614, containing wide-area 616 and local-area data 618, The TDM pilots are provided to
allow for rapid acquisition of the QIS. The OIS describes the location of the data for
each media service in the super frame.

{0046} Typically, each super frame cousists of 200 OFDM symbols per Mz of
allocated bandwidth (1200 symbols for 6 MHz), and each symbol contains 7 interlaces
of active sub-carriers. Fach interdace is uniforml ¥ distributed in frequency, so that it
achieves the full frequency diversity within the available bandwidth. These interlaces

are assigned to logical channels that vary in terms of duration and number of acipal



cyclic prefix; a guard interval added to the front of
the synbol (which is a copy of the last portion of the
wdav@/mogmshbol ) to facilitate orthogonality and POTHISY®TMG61163
inter-carrier interference As long as the | ength of
this interval is greater than the maxi mum channe
del ay, reflections of previous synbols are renoved and
the orthogonality is preserved. | 004S| Proceeding to
Fig. 6, FLO physical |ayer sup?grane 600 is
illustrated, | a enbodi nent uperfrane i s about
wWth a gne second time
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ImKEEl\@iﬁ&}ﬂa&sUQ|{f1&£3mm‘1t3fj lcgbdizbied Raed f@ﬁuﬁmmﬁ% outer code.
at Hachieves the full frequency diversity wthi
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nunber of actualinterlaces used. This provi
ieagl pemditigny resule ip pAdCapaiatosy e@“;ﬁa‘é}@m eviewiiy agpgrt is that the FLO

%M%EET%E @s ARUELE t&-%ﬁﬁdﬁ&ﬁwﬁé\; Bab AR § dt Qa@ J?eand § MHz, for

assigned fewer “interlaces to | nprove tine
\ﬁhinriéiﬁhu gheishiadasirdile servimnelfenr o 2e mrfeveci mth a single Radio
I RlhACESnk:@ M nimi ze the radio's on-tine and reduce
ov\(gre c?}ons[ﬂn tion. ]1004?| The acquisition time for
ti@;‘H?}I owlinRd’ Hilgtiradet & place ahatmetss prasese e diok ywwirtless systems,

SRR%e, Ry u‘pgrc%q&f r%ﬁ*){ i@c@g bt @th\c{t%é' i gmﬂlo%%iow is shown and

mal nt'al ne
described as & series or mxmhca ui‘ act‘« it 15 t0 be understood and appreciated that the

processes described herein are not limited by the order of scts, as some acts may ocour
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 altermatively be represented as a series of interrelated states or
evenls, such as in a stale diagram. Moreover, not all ilustrated acts may be required to
implement a methodology in accordance with the subject methodologies disclosed
herein.



acquisition time. Mst often, FLO | ogical channels are

used to carry real-tine (live stream ng) content at.
woani7akde7rates to obtain statistical nultipl eRCIWS2007/061163

gai ns possible with variable rate codecs (Conpressor

& i Deconpressor in one). Bach | ogical channel can

have different coding rates and nodul ati on to support

various reliability and quality of service

requi renents for different applications. The FLO

nul ti pl exi ng schene enabl es delice receivers to

qﬁgqﬁulate t he content of the single |ogical channe

s i nt rESEEEHS P 780N nfwiféf%mﬁf G@r?sisinmh n phase analysis,

i ey Ot e SIS amiSIDAHI AL & 1 : likely
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td!é{eplg irfefl d\@oﬁéac Ketr36 o{]gtrgk )te%b% ﬁf&gﬂ%e dund ?%Fgé@’élfeﬁl and computed.

S codé he
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i R oo Rical B0 Gt iy R FrBmlons by dhe mobile devices,
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ghly desirabl e sendee
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Wi r.el ess sys ile, for purposes

g%;%; TH) rﬁSl m éﬁktl ymailatb é“fb*‘ %ﬁ%{ﬁo& tSﬂ‘ﬂi'es %pﬁ@ggch gydinhasdy ensted until

trdegesivd 3E¢R BSmainsBhELHRE RYBBES o ﬂlfidélr%lgg Lézlé.ﬁ thSsihfa.

gﬁ)g der st gnd app{%m ated that t
S¢ti bed h&ef dd diet! E‘"“‘P‘P“muféﬂubiy @%éﬁﬁoﬁ@%rih@tf imetpioved in a
aﬁa&@{mmﬁﬁﬁzﬁmﬁﬁ%l QRGYEnthdht ! L'nfzfcg&%%%eo& e%@%ﬂgﬁj © aspects set forth

geéncur @gnt ly with other acts fromt
§0% | HEE HEYIET FOCPemhsep & Fostres IRORI @ar receives masitenal from, for

MhslahodIndesestanghand. app rﬁ%?ah@ns 4({1 g&f@ xrﬁekh)%j&? ﬁ%g%(ﬂ% thereon (e.g.,

coul d alternatlvely e represSente
Jlieer yapidfied deva el veis. elenths  recainedl <a§mi ramd CB&EI&FI& the conditioned

?k@g??gl}m{}%{alﬁfw&g nRee%:% fkh2 | lﬁo dosg[xgt; 5 Lg%tg%?‘d‘dnt:%%\ﬁ&taﬁnammum
Wrrdihens (W o-vid n&i@@%ﬂeo@r a@s ‘3(1.13 Eké. os’%ede;hedilflamr ROBQan demadulate and
5 %@mgexggggt;% Biide 160y m@gl%%”ﬁr&%egc SRSl i3S %%}% Q@ A FLO
@pﬁ%, %@m@megmggén% Q{'Q\Mi@hs]mtdce:rssf* baysikhHelay previously described.
1gi2%$1§3¥n?%§% éxgﬁﬁcgué’éﬁ f.g‘gcoetag% %Prgif S gﬂﬁyﬁmno focation calculations
among other processes. Processor 806 can be g processor dedicated to analyzing
information received by receiver 802 and/or generati ng information for transmission by
a transmitter 816, a processor that controls one or more components of user device 800,
and/or a processor that both analyzes information received by receiver 802, generates
information for transmission by transmitter 816, and conirols one or more components
of user device 800, User device 800 can additionally comprise memory 808 that is
operatively coupled to processor 806.

{0052} I will be appreciated that the dala store (e.g., memaories) components
described herein can be either volatile” memory of nonvolatile memory, or can include

both volatile and nonvelatite memory, By way of Hustration, and not limitaton



.measurenents are collected ac oss a network such as

at various locations for nobile devices distributed at
wdi2bd7émwoosg | ocati ons with respect to the transRCTUS2007/061163

subset determ ned above. At 730, various network:

paraneters are determ ned and conputed. As noted

above, these paraneters can include transmtter

hei ghts, transmt powers, transmt tinmes, geographica

consi derati ons, channel estlna %ons by the nobile

devices and so forth. At 750, “'0one or nore of the

ter in the su defi ed at 710.1
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transnission by a transmtter, 816, a processor that
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onponents déscri bed herein can be either vo

'{mﬁ@&yre@m%@ﬁmaﬁwgﬂmﬁ%r yA weddati 996 oete multiplex a signal for

transmission by a transmitter 924 through transmit antenns 908 to user devices 904,
FLO channel component 918 can append information to a signal related to an updated
data stream for a given transmission stream for communication with a user device 504,
which can be trangmitted to user device 904 to provide an indication that g new
optiman c¢hannel has been identified and acknowledged.

0054} Fig. 18 shows an exemplary wireless communication system 1000, The
wireless communication system 1000 depicis one base station and one terminal for sake
of brevity. However, it is {0 be appreclated that the system can include more than one

base station andfor more than one terminal, wherein additional base stations and/or



both vol atile and nonvol atile nenory. By way of

illustration, and not. limtation, nonvol atile nenory
woam7lmelsade read only .nmenmory ( OM, programBoraSRDM61163

(PROM, electrically programmabl e ROM ( EPROV) ,

el ectrically erasable ROM (EEPROM), or flash nenory.
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for communi cation user devi 904,
frapdisies egdt prosidge viceavaD2iloo spndvisde anpbodkeaii®n for channel

éé@l@katénnW&W&iﬁw&ei@ﬂaﬁn % Qecezc{%gta xeqndengy gesponse estimate

acknow
for the émmimh from processor 1050, performs data demodulation on the received data

symbols to obtain data symbol estimates (which are estimates of the transniitted data
symbols), and provides the data symbol estimates to an R'X data processor 1055, which
demodulates (Ze.. symbol de-maps), de-interfeaves, and decodes the data symbal
estimates to recover the transmitted traffic data. The processing by symbol demodulator
1045 and RX data processor 1055 is complementary to the processing by symbaol
modulator 1015 and TX data processor 1010, respectively, at access point 1005,

HEI g On the uplink, a TX data processor 1060 processes {raffic data and
provides data symbols. A symbol modulator 1065 receives and multiplexes the data

symbols with pilot symbols, performs modulai on, and provides a stream of symbols, A



| 0054 Fig. 1.0 shows an exenplary wrel ess

comruni cati on system 1000 The w rel ess comruni cation y
waQeQ/dewi ct s one base station and one term naPCTmIS2007/061163

sake of brevity. However, it is to be appreciated that

the system can include nore than one base station

and/or nore than one term nal, wherein additional base

stations and/ortermnals can be substantially simlar

or different for the exenplary base station and

terninal described bel ow. |005%% Referring now to Fig,
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functions described herein, or a combination thereof With software, implementation
can be through modules {e.g., procedures, funcions, and so on) that perform the
functions described herein. The software codes may be stored in memory unit and

executed by the processors 1090 and 1050,



denodul ates ( U synbol de-maps), de-interieaves, and
decodes the data synbol estinmates to recover the
wonrentaast ed traffic data. The processing by spabmis2007/061163

denodul ator 1045 and RX data processor 1055 is
conpl enmentary to the processing by synbol nodul at or
.101 5 and TX data processor .1010" respectively, at
access point .1005. | 0057] On the uplink, a TX data
processor 1060 processes traffic data and provides
data synbol s. A synbol nodul at &f 1065 recei ves and
,b%gplexesrthe data synbols with pilot synbols,
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ﬁndh&@ﬁ@e did eied efRng thfAOMel Rlm GRORMHLMALL JIBOAY her é}m detailed
3@“1i g sglon at access paoint .1005 am termn
FESHRL &Y

&)““‘F%esﬂ%fﬁrfi}‘b%fitseé%& e 1 g wsomu similar to
ﬂﬁsnwbn e‘campeeingt Qb “WhikhPri¥BH® gt
sto ﬁ?amgodes ang dafaqygﬁﬁggéﬁggg&i%pl égagbinqgﬂﬁw
&EH %1 @ﬁg ®r f orm conputations to derive frequency and
i mpul se response estimates for the uplink and
downl i nk, respectively. |0060O For a nultiple-access
system (e.g., FDVA OFDVA, CDVA, TDMA, <s?ft.\),
multiple termnals can transmt concurrently on the
uplink. For such a system the pilot subbands may b e
shared anong different term nals. The channe
estimation techniques my be used in cases where e
pi |l ot subbands for each term nal span the entire
operating band (possibly except for the band edges).
Such a pilot subband structure would be desirable to
obtain frequency diversity for each termnal. The
t echni ques descri bed herein may be i npl enented by
vari ous neans. For exanple, these techni ques nay be
i npl enented in hardware, software, or a conbination
t hereof. For a



har dwar e i npl enentation, the processing units us for

channel estimation nay be inplenented within one or
woaoE/ampel i cati on specific integrated circuitsPCABSERYN61163

di gital signal processors (DSPs), digital signa

processi ng devi ces (DSPDs), programuabl el ogi c devices

(PLDs), field programmabl e gate arrays (FPGAs),

processors, controllers, mcro-controllers., m cropro

ce ssors, other electronic units designed to perform

the functions described herei n?Cor a conbination

t software, inplenmentation can be through
rﬁghﬁgég(&é?anﬂ?é%edur es, functions, so on) that

performthe functions described herein. The software
codes may be stored in nenngébunit and executed by the
processors 1090 and 1050, | Od&.AIMBor a software
i npl enentation, the techni ques described herein nay be
i mpl ement ed mnth nodul es (e.g.. procedures, functions,
ﬁn d sotamthadhitinpessednmdche ciwazgtg,e ons uﬁi?&isﬁ hB®brk, comprising:
er ei SO odes may be store
uni tsrbzf\i déagﬁzlcﬁ%%% fi/gep(%o%el%% Pge t‘f‘ﬂ%‘“ﬁ?ﬁﬁpﬂfﬁﬂi‘t‘%’t‘n%ée‘e”mm‘&
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enverhge airﬂimx\h%&bm%m has been descri bed above
i ncl udes exenpl ary enbodi nents. t s of course, not
possi bl e to descri be every concei vabl e conbi nati on of

éorrpoﬁ!érast Sethodnet bi@ﬁm QGuased @d&mBHEzBQS‘%‘\;aQ&VQQﬁQ{e’iQH 1@9 broadcast
@ one of ordinary skil I Tt

mxaﬁ» ézgg éi,ﬁoi g B aﬁ"‘ﬁhﬁ%"ﬁaﬁ} ihﬁ‘éfghé’éh'bp cﬁgﬂﬂ@ ns an d

pernutatlons are possible. Accordingly these
enbodi ments are intended to enbrace al! such

alter 3t nm @ég a d variations that fall

Wit hin Fhé kg p fa‘é\‘h FECURPTHBS ApSERdEH: & kigppignierference and
Roist et SR ) horckde wedleghettat. the term "includes” is

used in either the detail ed description or the clains,

such termis intended to be inclusive in a ner simlar
to the term"conprising” as "conprising” is
#nt er fhetrechalied @npl oy adtias cﬁm&;ﬂ&?«ﬁﬁ* H&&x@intrv‘&r Bodrishe o cyclic
e@ﬁrg VWHAT |S CLAIMEB S: CLAIMS 1. A ne
uraiiGu
Hersas® By oadcast coverage in a WI rel ess netvvork
conprising: adjusting a signal phase of at |east one
transmtter clock in view of determ ned transmtter

par a r rmtion;. apd. broadcasting the signal
phasg% gﬁgrn&é@ bg {%add afask ’é?\?(bW‘lipb‘“l“ﬁ’cf‘@ééié“éor‘o‘aéfb"ﬁt tme of a

nominally stzed tr ammmer cell to facilitate SINR across the wireless network.

&, The method of claim 1, further comprising determining a field streneth
assoctated with a transmit site and determining field strengths for each mobile station

located within a geographical area served by the transmit site.

7. The method of claim 6, the field sirengths are combined based on Bme arrivals

of different signals at each mobile station,

2 'S PRI N . . . N \
8. The method of claim 7, further comprising emploving an estimation mask to
calculate an SINR.



coverage of the wireless network. 2. The nethod of
claim1, further conprising advanci ng or del ayi ng
wonromdoast signals and recording a signal streRrgThS2007/061163
t hroughout a network. 3 . The nethod of claim?2
further conprising determining aig | interference and
noise ratio (SINR ) across a wireless network. 4. The
nmet hod of claim 3, further conprising increasing or
decreasing a cyclic prefix dur Lion. 5. T nethod of
claim3, further conprising ad?‘sting sra.it lime of a
.ttoitiiflallv sized transmtter cell to facilitate
S3NR across the wirel ess network. 6. TIie nethod of

7 engPHe HEUOR G- THGer CoreATEH Jeleiel e SINR based on a fog
defrekMddi gkl gheklHidepatdys for each nobile station

| ocated wi thin a geographical area served by the

transmt site. 7. The nethod of claim"5, the field

strengths are conbi ned based o ne arrivals of

did f eremd mehi@aadiscléln Baghnsnhioh @19t @bt R0 Bsinkiefrequency networks
method of claim 7, further conprising _enploying

IS Neht F5HP™ rRaGRign BETk| KPR SR RIS, T9 | rRpEel combining

forel@bitRiosk Ur t her conprising determ ning the SNR
based on a I og nornmal |og normal signal distribution.

0. The nethod of claim7 further conprising anal yzing
singl e frequency networks (SFNs). custom estimation

Mesks, The aRGRBA df BBLRT 15 eluSthe@REmpAginBOEFB i 6O RIRNNG:r heighis,
correction factors. % The met hod of clai m10, further

c%%f‘é?ﬁi’%‘?’ NP VEHE YHIRY g suf tahapngd &iSgHEEong PY g @t pre receiving
poels, transmt tines and channel estimations by one

or nore receiving devices. 12. The nethod of claiml i

further conprising determning a correction for a

conmbi nation of |og normal signs! distributions that

are apphd eskimsd PATdai] 12, PRARe RMMHSHIEALIPLAESS S cdiection for &
The nethod of claim 11, further conprising deternining

Fagfionnphlee a0k sigra éfrbhﬂ%ats@nv sbdi ey applipd asTpwrt of a phase

r;g\gmqmgf 6kakm . 13, further conprising del aying or
advanC|ng a superfrane

i3. The method of claim 11, further comprising determining a delav spread across

ONe O More receivers,

14, The method of clatm 13, fiwther comprising delaying or advaicing a super-

frame boundary with respect to a synchronization pulse from a central clock.

I5. A machine readable medium having machine readable instructions stored
thereon, comprising:

configuring a network baving a number of transmit sites at locations within a
geographical arsa,

determining a field sirength associated with the fransmit sites for mobile stations
within the geographical ares;

calculating a signal interference and noise ratio (SINR) based on the determined

field sirengths; and



boundary with respect to a synchronization pulse from

a central clock. 15. A machi ne readabl e nedi um havi ng
worcedtionerer eadabl e i nstructi ons stored thereon, PCT/US2007/061163

conprising; configuring a. network having a nunber of

transmt sites at |ocations within a geographica

area; determning a field strength associated with the

transmt sites for nobile stations within the

geographi cal area; calculating a signal interference

and noise ratio (SINR) based of“t he deternined field

strengtE .. andadj usting one or nore signal phases at

the trHH&ing °§Pt”é§}%hé‘é6*"dﬂ1”t'%eﬂ‘$§N—1Ri-*1t>m*6f sitpa dasralod the SINR.

readable nedlun1of claim| wherein adjusting further

conpri, enpl oyi q signals transmtted frome

t¥ans tt@ @ﬁ%@%‘? teﬁﬁ&lb &y b glaimdr whkreil sdiniting fuether comprises:

iZnpIﬁﬁ*ﬁﬂgﬁﬁgf‘ﬁmﬁ?ﬁﬂ@%wﬁk@df*ré* zﬁ[ Rie a\;ﬁx}@t \Ager:»kt%?(s Rl o log normal

G%ﬁﬁbﬁ%ﬁbd 1S. The machi ne readabl e nmedi um of cl aim

15 further conprising processing one or nore network

paraneters that include transmtter heights, transmt

dawer sThet maeidng readaltﬂesnecgemgﬁaqmnﬁai fomst BehpdsiaNSsing the SINR

RRQQQ$%§§§ﬁ¥§W§éS?1u one or nore receiving

| ces He r eadabl e . medi um of cl ai m 1S,

further corrprl sing deternmining one or nore relative
t ans S an ks.for a target
r gcel \r?e} I E}}%Chfg/ SFasy ;Bbm(’gﬂmbf?ga‘”é“ iﬁrefé’ft#f*%‘tf“@ié‘b@‘i*ﬁbﬁ’&@“sm one or
2Qore Thogw n&cmmmefeeﬁdl&bl iachmgel itk @fired| 12k Med Swearfstit E}g{x ers, transmit

mrga }‘*Tg!ch cal.cul at ng time differences d a j usti

“KAD 6?%‘61‘“‘6*?? BURS 0 Gtagewseiadions iy efe or more recefving

ﬁean&n1tted signals that include relative signa
strengths. 2.1. The nmachi ne readabl e nmedi um of claim

20, further conprising icjcorporating statistics of
normal shadowi ng fora subset

rei depen nt | og
39 i ajﬁlgw ARG g%‘ﬁﬁb‘ﬁ‘?@ﬁ‘ﬁ of 6lagft iy HiHier werworskgphasaining one

adjnluﬁ’e entise 1@1&5?&&' SHAG e 3RPn Ny ﬁﬁx@i\s}’ £509 18 UQP%%%{\J&‘ that are
a subset of transmit sites at |ocations in
@%‘é&?xgﬁﬁ? # specigshgeographic.

20. The machine readable mediun of claim 15, further comprising calonlating time
ditferences and adjusting for known corrections associated with ¢ number of transmitted

signals that include relative signal strengths.

21 The machine readable medinm of claim 20, further comprising incorporating
statistics of partially independent log normal shadowing for a subset of signals,
22 A component to determine netwark phase adjustments, comprising:
means for analyzing a network having a subset of transmit sites at locations
within a geographical ares;

means for determining field strengths associated with the subset of transmit sites
for mobile stations within the geographical area;

means for determining an interference pattern based on the determined field

strengths; and



ean for determning field strengths associated with

the subset of transmt sites for nobile stations
wai20dTiomoshe geogr aphi cal area; mneans for det er RCTUSZ0a/061163

interference pattern based on the determ ned field

strengths; de s for adjusting a . phase of at |east

one of the transmt sites based on the determ ned

interference pattern. 23. A wireless comuni cations

processor, conprising: a msm)ré that includes a

conponent to analyze a wireles 3field strengths in a

gi ven raphlcal area, and at |east one processor to

gener at & ‘% Bt ag "dﬂ%{”é% Oédlff dersinene oF e trapsthidasles based on the

Q&Ga.thﬁ@élﬁmeﬁfe?éncb afledhf ansm tter subset to mitigate
transmtter interference in the geographical area. 24.

A w rel ess Comruni cati ons appar at us corrpri sing: a

CRMPONE L d1 Qs M8 H ST i ofis g; tg}:%s%[]% usl’n%m a subset of

transmtters; processor phase
adj ustarBerEpihal indades @nezmvnamﬁnntme}m&ermx tlbe SelBsetengths in a

ér{m@ﬂ&f%ea%@ a generator to transnit: the

g;é\se ad) us ment across a wireless network. 25. The
appar &t hggso bae baicrss2d fo emsdrine nranedr Splha@ &l CRORARGVE gt least one

interference an noi.se raji
(R R B e B Rt T BHR 5a P e e pie o scogmaphical
fama a wireless Communi cati ons system conprising: a
conponent to adjust a signal phase of a wirel ess

transmtter; a processor to determ ne an interference

Bdt t erda vii refesis emmfxm&ian beagipaenes, @bhgfisirhansm tter
br oadcast ; nsmitter to broadcast the si gnal

phase “acé}f%%"émﬁz Wi dr"Lﬁ”é‘é“é’ FEHRAST RO sORR whed$d typmitters;

f OF  a APrHedseSStoGRITINLCAbhABRIRN GRS oL QTR S % W Sandnitter torm the
nent. to receive ,a signal Troma subset

Wi r%i(g sttt apd. o conponent to determ ne a

si gnala gepbRdan ﬁﬁﬁ@m@ﬂ% kS Sait@bd eﬁt §(}J§J\W3:E@Lx EiG o
subset of wireless transmtters; and

process a phase adjustnent fromthe VVI r eI ess
L& ans Minkta@pSraitls @WoRim e s sMRr comprising a component to determine a signal

imterference and noise ratio {SINR) for the wireless network.

28. A base station for a wireless communications system, comprising:

a component 1o adjust a signal phase of a wireless transmitier;

a processor fo determine an interference pattern in view of at least one other
transmitter broadeast; and

a transmitter to broadoast the signal phase across a wireless netwark.

27. An access point for a wireless communications system, comprising:

a component to receive a signal from a subset of wireless transmitters;

a component to determine a signal interference and notse ratio {SINR) for the
subset of wireless transmitters; and

a component process 4 phase adjustment from the wireless transmyitters in view
of the SINR.



