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communi cati on devices, such as cellul ar tel ephones,
Perasognae heregf erd hersby etpaprsly ipmmperptediutrafeedies heigid t he
i ke, and such users denmand reliable service and
expanded coverage areas. [0004] Wrel ess
conmuni cati ons net wor ks BAEKGROUNIY utilized to
communi cate information regardl ess of where a user is
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[0002]  Wal ki 183 prelERalsRlosdd syMehRl BREs GRATIHIN &AL §RR% RELWRE K& quisition
are established through a nobile device communi cating
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eanaLARMichsGoLtb®: To achieve uninterrupted
comuni cation the nobile device is assigned resources
of a cell it has entered and de-assi gned resources of
Baglground has exited. [ 0005] A network can al so be
[0003] const W’{&ﬁ%ﬁl ng{véfdrkﬁlg %9st§1%k Gflla‘ye B&Shid £ f)fé@glrent means by which a large
comuni cat'l on
number of people worldwide communicate. Wireless communication devices have

become smaller and more powerful to meet consumer needs, which include improved
portability and convenience. Users have found many uses for wireless communication
devices, such as cellular telephones, personal digital assistants (PDAs), notebooks, and
the like, and such users demand reliable service and expanded coverage areas.

[0004] Wireless communications networks are commonly utilized to communicate
information regardless of where a user is located (inside or outside a structure) and
whether a user is stationary or moving (e.g., in a vehicle, walking). Generally, wireless
communications networks are established through a mobile device communicating with
a base station or access point. The access point covers a geographic region or cell and,
as the mobile device is operated, it may move in and out of these geographic cells. To
achieve uninterrupted communication the mobile device is assigned resources of a cell it

has entered and de-assigned resources of a cell it has exited.
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comuni cation. These types of networks are referred to
as ad hoc networks). Ad hoc nétworks can be
sel f-configuring whereby when a nobile device (or
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trampdenitdt h and nul tinedia quality of service (QoS)
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MAC and PHY specifications are intentionally designed
tQoFupRoTt 0 vari ous requirenents set by gl obal
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egu atrons I n various countries can O SO easl
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[:oeu%?rlievsega?l tlhlrlls ?12 so easily and cost-effectively. Some other application-friendly
features that WiMedia UWB attempts to implement include the reduced level of
complexity per node, long battery life, support of multiple power management modes
and higher spatial capacity.

WiMedia UWB-compliant receivers have to cope with interference from
existing wireless services while providing large bandwidth. At the same time, they have
to perform with very low transmit power. One challenge faced by receivers in an
operational environment is the acquisition of a signal and, as a part thereof, estimating

carrier frequency offset and frame detection of the frames in the transmitted signal.

There is therefore a need in the art for meeting the challenges noted above.



[0010]

[0011]

[0012]

[0013]

operational environment is the acquisition of a signal
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transmtted signal. [0009] There is therefore a need
in the art for neeting the chdllenges noted
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esti mat ed ase error. [0012] In still another
thegresaensy dsopinieated valuerdnneansi onglckppininag aspredetermined frame
t | ud
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recei uektilh amothgr appioke)id wiehdss gometinicatipay bpparatds is described.
net hod for performng a conbined carrier frequency
bhe ge@fotegtﬁﬁl%%npawtmcww BHERY ofiT9EYSFoupled to the antenna,

trg&qjvelr 'ﬂglfllﬁg L RGcOE EI) ﬂoe{rfoﬁﬁta Ill@t}{&i Ci] e eﬁﬁlﬁé a combined

scrlmnat n on at esti nat ed
tam_gte freqney a)ffseteqsﬂmmmlpnchnslcfram nabadonadtion; the rnethod including

estimatin e error,.fromthe freguenc

a?riq;mﬂaﬁ Al BV Mgl d i o, 6 4SS spwpted ghennel tap
SHRBrabY &ﬂbyz éfsbr‘?rﬂm@%bfdt\%[d% é§ti%ﬁti‘n§e @Stphﬁ%t egrthagbm the

error [0013] I'n stil m&/et anot her approach, a

tompute dlsgnmglam x@i@d detsriméng 4 predetehiged Sapatsgnchronization
m udes conput er-readabl e nmedi um

ﬁ%&?‘hg‘ E]gtb t%cgﬁ%a\se]arrgr computer to performa first
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I mna for causi ng
channel tap to generate a frequency discriminated value; code for causing the computer

to estimate a phase error from the frequency discriminated value; and, code for causing
the computer to determine a predetermined frame synchronization pattern from the

estimated phase error.
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is a block diagramof an exenplary ad hoc wrel ess
network; [0015] FIG 2 is a bPock diagram of an
exenplary wireless termnal device; [0016] FIG 3 is a

packet structgREEFPESCRIFEION OINTHY VRAWINGS
U tra-Wdeband (UAB) standard; [0017] FIG 4 is a

char t FK. ltine disgrete ol exermplary askhacherag ngpyexrkr um
[ OO]‘SEI('J‘: fgﬂ‘ c%l (%é%r 53 ah %z[()cfsr%}élércf Wi esosftettnlﬁrelalpc?e(\:flkcg,t of

FI G i°S 93 di agram

packeFId riaRe myks Riraftuzadon fiinsgoeane &ivesaer attar Widdband (UWB)
the preanble structure of FIG 5; [0020] FIG 7 is a
PR wargf an aperiodi c auto-correl ation functl on of a

b
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seque 2 F.IG 9 i t of t he aperiodic
Ccros spf(gr@\[é Par?ée SEKIEREetgR spquencezgencrator

apdhd arﬁglrersg.ﬁ&gﬁddehSer ar chi cal base sequence of
FI G [0023] FIG 10 is a plot of the aperiodic

cros sFIfor%lelaaﬁtlmtcnf abepeeahc tite-cousktige fuestice obi bEcGequence used
gnd a rounded verfsfl on of the correspondi ng base

e, eapr[e%E]ﬁ:]p P& 11 is a tineline illustrating

the apmuyli $iid hogbSY Eifé?fa@rﬂ o at hiepirdi Qg Gb%§e g&%lence enerator used to
ti me-frequency code (TFQ) -1 and TFC 2; %

Benceate p egcisg@udnceust rati ng t he

ET_E%EM ﬁi(ﬁ O(P % Sﬁ’lﬁf g 91%@%@111&89 s ?8 g’latl?Tf I% th%rb%ts% sequence of

a tinelrnel

B Ui eaidtth@mhsesp@rhn@@hﬁ@trﬂﬁml precrgscrico bl FKE -85, TFC— 6
and TEC-7; [0027] FIG 14|sat|rrellnelllustrat|n
the abHild;ip |ad)t119t505fr‘i]éq1‘i‘lt§’ﬁ1i0§1&tqf‘&ﬁ BFI§RE-R betyreen s pse Sequence of

Ffc ﬁarﬁlnadroﬁ&d %x@ﬁ@tﬁk {?x‘rggo&cﬁn Ba est% ¢.di agr am of

a syncnroni zer I NC tectlon
nmodul EIG.alt iisrangmebind mthtstretmgntictu heyuisatieh/synchronizetion process for

fre%uen Offsﬁ‘f’@dcﬁ%d %ﬁ& 2n'atl on and frane

FIG. 12 is a timeline illustrating the acquisition/synchronization process for
TFC-3 and TFC-4;

FIG. 13 is a timeline illustrating the acquisition/synchronization process for
TFC-5, TFC-6 and TFC-7,

FIG. 14 is a timeline illustrating the acquisition/synchronization process for
TFC-8, TFC-9 and TFC-10;

FIG. 15 is a block diagram of a synchronizer, which includes a packet detection
module, a timing estimation module, and a carrier frequency offset (CFO) estimation
and frame synchronization module;

FIG. 16 is a block diagram of a CFO estimator and frame synchronizer
implementing the CFO estimation and frame synchronization module of the
synchronizer of FIG. 15;

FIG. 17 is a block diagram of a CFO estimation and frame synchronization

processor for TFC-1 and TFC-2;
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[0029] FIG 16 is a block diagramof a CFO esti mator
and franme synchroni zer inplenenting the CFO estimation
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of FIG 15; [0030] FIG 17 is _a block diagramof a CFO
estimation and frame synchronPzation processor for
TFC-1 and TFC-2;[0031] FIG 18 illustrates the

oper afi@n 8ofludthfes th@BFerSYRCHT RS ek isPRcHIgt ieATonR tdeQbn for TFC-
TFC- 1 and TFC-2; [0032] FIG 19 is a block diagram of

hagF®Festi mati on and frame synchroni zati on processor

for TEf 319”“"]sda-li{ig:c_kd''diaglf':)il(r)l%s%1F anlg'O ezsnginila%og atk%lldoﬁell(mg is? (2 Rization
of a estimatli on a rane syncnroni zation

prooessssor TFOr3 IiCrBC-4TFC-6 and TFC-7; [0034] FIG 2 1
Illustrates the operation of the franme synchroni zation

det ecFl®n2¢ &y athesk diagmmcof agfOTEtimatiop godsirame gynghyonization

' | 2GRN FO estimation and frane
g@ﬁ%?%%?lzfgtél oy pr ogfé%ggrgFfp’or TFC-8, TFG-9 and TFC- 10

[ O036FIG1XG. ill128ratds| ths bpabtim dfithe Gperalyndmomtationelctactomr for TFC-
y roni.zation detection for TFC 8, TFC 9 and

%F%c(f]@.anfié%é!??' FIG 24 is a first exenplary

i mpl epRpt &4 08 WhcK Hﬁ%fé% F’)g%dCFOl L&imaBbntHhe frame synchronization

synchroni zer of FIG 038] FIG 25 is a second
progepbafoy TEEpS, di€nd and dhCef0;t he matched filter of the

h [ f FI 15; . 039] FILG .26. i .
ool B st e i GOt Tog swbitfeniatisndisBiggn for TFC-
goniui vehduged|¢o i npl ement a sliding w ndow. DETAILED
DESCRI PTI ON [ 0040] Various enbodi nents are now

descr FBed24iis ha rfsbte peamedatyo implemgntatpm gy, thenmetebed filter of the
wchl%‘ﬁﬁz%goﬁﬁﬁfﬁgpti on, for purposes of explanation,
u

nerous specifit details are set forth in order to
provi HES.a23 hornoitgbndietanslhan thpigmeftatoe obrthémdidched filter of the
aspects. It _my be evident, however, that such
ssbntshe{ BYO- fayamse practiced without these specific

det ai |fg, i@isgahheg{e .pm%ﬁlg‘gﬁﬁlgnmbh b%?%%p%ﬁ“l?é%{&l?lﬁp&mbiner

devi ces are own In lagramformin o
fhaditd implementesdidilg wondbtvese enbodi ment s.

DETAILED DESCRIPTION
Various embodiments are now described with reference to the drawings. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be
evident, however, that such embodiment(s) may be practiced without these specific
details. In other instances, well-known structures and devices are shown in block

diagram form in order to facilitate describing these embodiments.

EE Y 2% ¢

As used in this application, the terms “component,” “module,” “system,” and the
like are intended to refer to a computer-related entity, either hardware, firmware, a
combination of hardware and software, software, or software in execution. For
example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a computing

device and the computing device can be a component. One or more components can
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WO pdoglsta2 t o refer to a conputer-rel ated enti tRCT/EB100E082736

hardware, firmnvare, a conbi nati on of hardware and

sof tware, software, or softwaPe in execution. For

exanpl e, a conponent may be, but is not linmted to

REIdRGyitlAn BHR&@SSaridi Thidgd @f‘e@c@tﬁ(ﬁﬁfﬁﬁi%’é’om@n@ﬁ%%sﬁ@focahzed on

an object, an executable, a thread of execution,

PO mmmte@n@d/@rr dlatr@tﬁdubeéweenBWQNay n@fre |CDH111;PQ‘thSat it nddltlon these

bot h anagllcatl runnlnsg a.c tin (gelce and

%%néponents a,l negXG lét\?l Eoel’nCVaaﬁlO C 811 CT cI‘)en S able T%] 1d havin Varlous data

SETRABE RofedCthBico s dﬁ’levhlohﬁioﬁelﬁs m{a@caﬁﬁnaﬁddt@ Ibytvhz[}eaﬁldaﬁl and/or

execution and a conponent may be | ocalized on one

EHiY PECCHAt peh afiigtacsqsdancg Wt dusignak hgying ongppremore data packets
r C

FREPLE o O LT ERER SRTIABEEL kAR AR syt

dhatrﬂau&tdrsystteM eﬁd/st acresk 4 hetweok suchhes tho npomentvithnaler systems by

i cate b f.l oca and/ or processes .
}rfmyg@ sighablc l%ﬁ’ d"éoﬁ e W]Flﬁ B sy ﬁlé?({ ﬁﬁ(ﬁluh dooR&dyr Seising as an
g}@&hﬂ)l@@ﬁé"ﬁ@ﬂé &8l GstratifRt aafiy CLOREROIRCAG A herein as “exemplary” is

Interacting with another component in a |ocal system
wotgrerésbarilgdo by serstrucdadprofertad oo sdvaatageowsarvkr stheheralgodiments.

e wEh G kBel SRboTEREE e Attt Hesfifhu o iSbin with o

aser ARyR¥AMlSer dRTARABIsdObe thllddSt ERkdNa SubdBdber unit, subscriber
enbodi nent described herein as "exenplary" is not

platiers gaebiloystatiorh aneiilesdavicsd rergotersédtony égcesy point, remote terminal,
gc%%%*e?&?n%yste%%ﬁl (égwg%fboagitageql a;?%er d ggﬁi%llab etamﬁmal user agent,

hirekonfeedinalnvindleR dRviesesr GRY eg@pméntusRruscieddvie @k’ﬁl’be a cellular
also be called a spg{sstem a subscriber unit, subscriber

SlphPRm 2 sryBicretelphone i Sesion itsien RaotopelyisilB) phone, a 'wircloss
ﬁ)tcglt lbﬁg Wiiz %tsclﬁoﬁ)oa! lslé‘rsonraﬁﬁ@% | heLitth DA@)CQ f&mdheld device having

term rm nal device set, user
tvechshnadbnnetgonricambilityser otagleptqcemngedimcse(s)ecrdmeméd to a wireless

w r.el ess devi ce g user e ment . user devi ce can

Blodeme Y peiFlp Sobp B hedi Eiotkiwatat by & e gicctionics deviee

Wahisi AwWBNholah! AtcREPTRER! as(Shddr, RAARE: / @aMbRLESSusic player,
local 1oop (WL) station, a Personal Digital Assistant

thm&)loneanhamﬂmebld fldey |S®eag¢ad¢mge, virr ethers &\ grnigoteinbrvith content
t%‘%bl r ot her processing device(s) connected to
Aot 6(‘fiem In certain enbodi nents, the user

devi cmamoeb &afloGdy Eeumar Rheeds bR dderie thabl implciMBted as a
nodem at t ached, such as printer, canera / cancorder,

mgtiod, gppg/atus, ot andelr oofe MragetIe usingr paadard pagaming and/or
AASEn S MIEE A AL BRI MEROL RS BRI s
teahipassa desplttbpdgher etcdesdily ffaen aﬂﬂspl:@ﬂpnéleréa%ladevice, carrier,
or media. For example, computer readable media can include but are not limited to
magnetic storage devices (e.g., hard disk, floppy disk, magnetic strips...), optical disks
(e.g., compact disk (CD), digital versatile disk (DVD)...), smart cards, and flash
memory devices (e.g., card, stick, key drive...).

Various embodiments will be presented in terms of systems that may include a

number of devices, components, modules, and the like. It is to be understood and

appreciated that the various systems may include additional devices, components,
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i ntended to enconpass a conputer program accessi bl e

from any conputer-readabl e device, carrier, or nedia.

For exanpl e, conputer readable nedia can include but
AoBulQtankithd 1iREl dn@/oREHYEJt Gn RS ADET B8 \cTRSs, (cem@sonents modules
hard di sk, floppy di sk, magnetic strips Y, tical

ad ige fioethg discussap dot cmnsktlo(ncm)lth thegﬁgwes vehs a«pm gaigersjof these
% ro&mes a%g%ggl&grds and flash nenory devices

%? : car% SO ek key drive. ..). [0044] Various

e nb odinTenicsereidel nobretopﬁhe slentiags, IMG eningstafes Sy sthpREadt Huat wireless
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a‘?ﬁ}’ofl‘h 400, KWircleps metwask HEO G98einshude dns rmishob anefilegdevices or

\g&?eg to'? erYl@ﬁ ' BHP apd Slfl&glrh éaa?forag%etﬂfg 11?%&%&6 %%t are 1n wireless

evi ces, nponent s, ND
cmhmummhmxde Mdbllefdetvimes dav beefr cramplenecitidar pmﬁhad; %nart phones,

Fpbur cun G0 BroBmuatcRam 6 e BB GMEHKEE AEY°ca vl radios
gf%lﬁlﬁ pdsit@hle Wstdind, qfe%ﬁﬁ‘lcﬁlg"'ﬁWAtsﬁsttaﬁﬁ GO, nﬁﬁi/or':(gtﬁ%r suitable

| Ustrat €5 exanpl e ad hoc w rel ess network
WVﬁ@Isecslscqremmmktmg)@vee amrqlfms IngteorlidP0.n Wm@r:ssafet\nmhr 108 can also
devices or d¢ tﬁ h four. @@lllus rated for
BagEesre Pt F‘BEFt ¥ F3HonY ?{eﬁcccﬂ Rofs Gt bRl

COMU Gadel @8 netRik | ®odedhiRs dealtebEL2 fs0showhasith@unicating with
cel lul ar phones, smart phones, |aptops, handheld

tsominahidesics dd4de@|6@e§nurhe@rﬁ19helllrd< ¢Hmpod i wigh damirdsdevice 116 via
I |
%ﬁ‘}d]?l%lg czltisgl 1 angsgtl‘g%iS?IPg%ﬁr%py g?é q? a?s%%h%% %?Prﬁﬁlﬁl%lagtmg with

her

tteminabdevier 1 OB Gaddicx@ioaM @ik MMl eTeﬁﬁﬁnalIldEW@dSskl 1]20@14 116 and
Wreless network 100 can also i ncl ude one or

Hhmnee srugiedsgd pEnAEEred ngt 2csAuiiRge W[ﬁ@othre]exrsnplary Stmplified
BlotE ldfﬁ Pan'6F Wﬁﬁéﬁﬂﬂg Qonﬁrg%ﬁgfrdﬂa(&f adfaeﬁh@%l dhcd F00SR¥MBwn in FIG. 2.

contun catlng with ter devi ce 4 via
Asrtimsniskatedan thd ok Wik Qpprediave, the precise naiﬁglheaxiomeof_]t&ﬁninal device

ia communication |linpk 112, Term nal deyice 1 i S .
Z@i@% N3hd f&’&ﬂﬁlﬂﬁp&{g? ﬁ]éec\l,glq #pplicptian,and g\ﬂvgréflldfglg{}icgnstramts.

PRITBUD 8@ ¢ANNiplddenl A1t ﬁ@&%ﬂ@he%\’ib aR8lodZherdind, 116
and 118 may be structured and configured in accordance

wi t h Theniededplicr Y08 iaapl bef implehicosk withgyr dronbend transceiver 204

BRB oS DA heun el " e FRSEReblid T ransceiver

appr eTh@t&seﬁaﬁi@ Pro€&ds&i€ 208 NEdnd BE afnhslBmeitted ek ith NAlsoftware based
devi ce 200 may vary dependi ng on the specific

ASPILGctEei oh ofd PR of\asphiiortuass isyeh @priwrdvadratey. a combination of
ge{rggfﬁosglg sﬁﬂa/af:eanAlrﬁB%%p&%gso% Q& BY B a@qci)lﬁ%rﬁlo% tun software

programs that, among other functions, provide control and overall system management
function. A digital signal processor (DSP) can be implemented with an embedded
communications software layer, which runs application specific algorithms to reduce
the processing demands on the microprocessor. The DSP can be utilized to provide
various signal processing functions such as pilot signal acquisition, time
synchronization, frequency tracking, spread-spectrum processing, modulation and

demodulation functions, and forward error correction.



[0048]

[0049]

[0050]

[0051]

[0052]

[0047] Term nal device 200 can be inplemented with a
front-end transceiver 204 coupled to an antenna 206. A

wha®ese processor 208 can be coupl ed to t he PCT/US2007/082736

transcei ver 204. The baseband processor 208 can be

i mpl enented with a software b8sed architecture, or

ot her type of architectures, such as hardware or a

conbi matnhifs lvideandwah alsanec1sRS {AMRE usd iMcAhORMA08DEPIEd to the
can be utilized as a platformto run software prograns
basgbandapioaessot RS, fUsast intpnigcesp? YV icaie ieddnde ol keypad, mouse, touch
VL2l oo 8 LRI TANRYEI® Baih UBEhIO Ny Ao ! Bl 81, 90Rkaoc andor
pr océssor (Lngg)e’can e’ I nplenented Wi th A &tibedudd &
eheMupucaip@nisvised. t ware | ayer, which runs application
specific algorithns to reduce the processi ng demands

on t h&herbasehprd pRSeHPr 26 €OMBPSEath PERSCHOT |2p§-edntaosoftware-based
Hﬁ;ﬁgﬁlgrﬁat\f(ﬁ{ |of"d§e 5490l 01%&%?0%32689 tﬁeﬁ?&%s@&s 266y A% a software
piTot signal acquisition, time synchronization,

progepne nowing @c &k inngropspewad- Hpectarym thogcesidednig, the art will readily
nodul.ati on and deno ation functions,. and forward
%Rpﬁﬁq—lateoﬁlaeecﬁwsqrogﬁ%]ls TRt e gy this SphOURIGI sl may be
ML MER Y By AYSMESR kWl akest, 220uGRY pe{n‘irdha{r@wﬁrlé €onfiguration,
baseband pfocéssor 208. User interfaces 210 can

saftrard eoafigeyierd, orneuslanaticaputiereofr wbish idi gphldy of performing the

ri nger, vibrator. dio eaker, nigcrophone, ¢ ra,

SHBR Junclion? 8regbRE hCie ool TORIBE el IS goyglks o Fhgmory 212
has@bagteraps asreafar ARS8 apSIRLibS §Fo@ s OTES FO cX&ting Neplication
sof t war e- based i npl enentati on of the baseband '
pPeiEEsystenaid/arepypis eppkientioppmayglsohs raowded giathewn in FIG. 2.

[ M. T [ . ] r I I t

BRI AR 292 6 SRRAE RS R 200! By 202
pdeRs ibdrfar0210s not limted to this enbodi nent, and

may be ing)l-errent ed by any neans known in the arg, . .
i ncl ubilthg3 afystrdesd daPackelof it at(lRl 3 prekrhcenforming with the

. o . . ; ’ b
SABLURLO B! Rucpdha RO AR VER, ISR PO MR Beess luyr (MAC)
ktemdzird forTingh patocdwstamn O irckss benmouphtch toproemdgate@ by ECMA

bgimiskgelen ntapnl FCNAS op ot Rt LDt SHAGRRRoPHT ond MAC
SeRadat epaRRlkeaddsgns may al so be provided as shown in
FIG 2. Application processor 214 is shown coupled to

basebahd M de Stamdazio gpecreayor YW WD PH dionstewitalgse r fcagomal area

210. [0 FI.G. 3 jllustrates ack r ure 300

Bivieri ABRRD Bhffing it deRt e e P e an R0t MY Gy ban.
é\%ﬁ@)ﬁﬂ@h&aﬁ& ¢abs bayen MBHYR0and/simeds,a MeEE360 INY/Er 200 Mb/s, 320
(MAC) standard for high rate, short range wrel ess

Ym0 &5 end 480 Ml pruT b UEEB spectremps divided into 14 bands, each with
a bandwidth of 528 MHz. The first 12 bands are then grouped into 4 band groups

consisting of 3 bands, and the last two bands are grouped into a fifth band group. FIG.
4 illustrates a worldwide allocation of the UWB spectrum.

This ECMA Standard specifies a multiband orthogonal frequency division
modulation (MB-OFDM) scheme to transmit information. A total of 110 sub-carriers
(100 data carriers and 10 guard carriers) are used per band to transmit the information.
In addition, 12 pilot subcarriers allow for coherent detection. Frequency-domain

spreading, time-domain spreading, and forward error correction (FEC) coding are used



[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

International in Standard ECVA-368, "Hi gh Rate Utra
W deband PHY and MAC St andard" (Decenber 2005). [0051]

wab@s@oN¥e St andard specifies a UAB PHY for a WeBEUS287/082736

personal area network (PAN) utilizing the unlicensed

3,100 - 10,600 MHz frequency Band, supporting data

rates of 53,3 Md/s, 80 Md/s, 106,7 MJ/s, 160 Md/s, 200

Moy (1R20tMpdtSs. FROFIMO/Sed AN cdtRB1uMBNSL coliB8yvikVB ding rates of 1/3,
E})ec rumis divided into 14 bands, each with a

anditiaatB/f 528 MHz. The first 12 bands are then

gr oup into han roups,consi sting.of 3 bands,

Phe P20 Phg udaR L SRT IR0 Ro Pl SG (1S mm one
@pRodth, I frombildatddust thalBeM A svmdhdwihde: @b o6 &tpe® bf fifne-frequency
the UWB spectrum [0052] This ECVA Standard specifies

goden K TF Ganencoyhers gemeaded infpirestion igingerigayed onsd dirae pels, referred

- Frbryd rpat i t . . :
1 SR ARRETE A iy, B JRRCkEKly e (808 iffbrmation is
transhiigedon asiagledadd peferiedndad Bixtd Aregoercytiherleaving (FFI).
inforpation. In addition, 12 pilot _subcarriers allow .
f or cgﬁ%\l%ﬁ%cho%ft@%?ﬂr%rfwﬁa@éﬁﬂws EBpdin-SpRUeaay ffes using TFI

b QTR b us PR HI QF YRETThCR! th I f
e R P O Rt forup

tesseaten shannelsrpeoband. oha the ddeh andigrewditwg tingg-Esquehicyl £@&Jes using
/ nd. 3/ 0053], The cpde ata.is then spread

G B Redd oot BRI b BRet ity 30 b B b oach oo

pr OWFﬁatﬁﬂluBﬁfatEbmeMaﬁi %@%f)féastﬁlbﬁfeeoﬁﬂl@ WiMedi¥ REWB packet

of tinme-frequency codes (TFCs): one where the coded

PhFISr. Bat Thenpregmblatcentasw\aelgtab o B0 OHR syebals;, Theflast Hgpreamble

ol FBa GENSIRY OSSR S PETEY, SPi, po om

bakbionizfiet.r €darinel &sinfatise dsdsrtRelasC yrehmbrrdyadvisng
(FFl), (E0054] Wthin each of the first four band . .
gr oupEIG 1 & dt 2tblaek drgmmeRéy psawleusimkpl genegiy @0Qy decluding a

%ﬂ}rgﬁfe]; %ﬁﬂ,uﬁfﬁgﬁatﬁlgdﬁ;er I8 n FSF h Y %reﬁaﬁ{bil@ nbd1d %E)a;ﬁ%e generated,

ovi di ng suppor p to seven channels per
woeret he fifth band group, two tinme-frequency codes

using. FEl are defined. This E andard, specifies 3
channéi £9F A g1z timg sgﬁncmcegy?ﬁs@ Ut rla{‘)egef?ﬁsé to-as TFC-1 to
‘gf@g@g Qeégét_‘%rﬁ%bﬂlﬁe-%lh%ﬁﬁ{ Bh& Qécﬁfeﬁge W&Ygﬂ],g?%lpﬁc K€ and the

e preamble contaihs a t 30 OFDM
ﬁ%gfﬁg{:oc‘vgr EQ@%efn'cé st ] Qriq,a'}ib—l. g, 15Y -':@9'. S Egogt : dco_(fQIr sequence is

pac etection, “tim ng estimatidn, CF tion

and {y ANRIAYRE 6084 2@Eh AR th@f@ﬁﬁ%' of 8l PRLLOMRaHS &§ndtiénization
| ast 6 preanble synbols. [0056] FIG 6 is a block

shdagneem of a preanbl e synbol generator 600, including

a 2. Pad 37 zeros at the end of the base sequence to form the extended sequence

[k], k=0,1,---,164.

Sext
3. Spread the cover sequence with the extended based sequence using the
spreader 602. The kth sample of the nth preamble symbol is given by:
Seymen LK1= S corver [1]% 5 o [K], k=0,1,---,164, n=0,1,---,23.

FIG. 7 illustrates the aperiodic auto-correlation of the base sequence s,,.[7]

corresponding to TFC-1. Other base sequences may have similar auto-correlation
functions. In one synchronization approach, the excellent auto-correlation property is

exploited. For example, the base sequence is generated from a hierarchical base



[0061]

[0062]

[0063]

[0064]

spreader 602, illustrating one approach of how
preanbl e synbols may be generated, where: [0057] 1.

wao-00885097en a time-frequency code (TFC) (i.e.PCIUSDNT/082736

referred to as TFC-1 to TFC- 10), select the

ti me-domai n base sequence sha [M, m=0, 1, , 127

and the binary cover sequence =, n =0, 1, , 23 . The

EeqEléﬂidé_ EQRItos 8AVERCEOWh UPFIGaS. a Thel bd¥id BFerhi®¢ behind using a

determ ni ng the ending of the packet/frane o

Bigraeelriendi seaudnges setfuepcidion [tho38toding Paeressy ay dheotangmitter into a

b GE el 2 ARSI o bl Bti8of S8 M ea o reduced

RBRreiQY & the Eipes) cefivt bhabhscqut@nigd ] basay] 2sequendespread by a

usi ng the spreader 602. The M sanple of the nth

greendriblimry ysatpaince s{ ik v en=0y2, -;-n7 | kyitlesic spwredden]802S@x generate an

[k], k. =0, 1, , 164, n =0, 1, , 23. [0060] FIG 7

tgripsdiaty S§AYES affdsa gaicareduid-asorr ey obictrchicnd prggence) C
epce, base di t = r

JE ko ag Tl F AR08 Pher 36 lling 1 EY EARE ransform

{FFIONGE S¥NmidrRREAR! EQucARPLOaG g ahNBFEXA6AUI®B04 and shaping the

auto-correl ation property is exploited. For exanple,

sdqecicgsie the fuewney idomgameying edraqpenmyaddmasn ahapmig miodule 806, the

basesequenc enerat or,.800 as shown in FlIG
%egjgle%ceg ggﬁasg%rgrbegﬁqaﬁla 9out§1|e gléneafonmam 1330, 10YGTSe FlgT QP%%% nlmgule 808

rel _ I er sequ nce
{oPoRahtthd bRB stQRNENGOIAY PERE &SSudtud & of bﬁiﬁ%eﬁh@ﬁces {alk]}
e

into a hierarchy so that the conplexity of t

aer o8l NP chiRpesdingio dabk of Beetviedse s&quepeidced. Referring
to the figure, a first binary sequence { [], k =0, 2,
, 15 FIG.sY dfingrtksbthe aapseiodiedetbssaamiclamgubeteect tlie pascksequence

=0, 2, ., 1 with a spreader 802 to generate a
rt Bﬁ@zh&xi Bﬁé-ls@&u@ﬁ &@%e%tqoggmlgelp@frm%gﬁeo%agen&e & n&kk ) generated

hi.erarchi cal, .sequence) C {c[k k =0, ., 127 )

P Disbenifdr g fEdnered Beriiyar #8; Bijasera-cotreflion property
Indedask AR Wi T mafchéd E1thints RipEslicat8 tIReRBENEES tHe BESE B&uence can
an FFT nodul e 804 and shapi ng the sequence in the

be eeplangd \bydibediipary sicaepnge {r ag)thentljerdenellicienshapn pge approach, as
| he, . : i f d k. to th :
TR G 0 SRS SRR b LBl o crinny

odedab Rini &y hiesRard@ateasTabe Bas®et uded.forl i@k Bron&ation NFartiger, it may
set of binary sequences {a[k] .} and {b[K]
BorAwayRgsah i Lsc dig Fousded yeTsi@n op sk P bass. sequence as the

FORad ﬁ'ft'epc?e%ﬁbllehﬁsal,srv%lﬁs Fi(ﬁ.:l(gﬂﬁ[sitrggg %he aperiodic croisrﬁorrelation

cross-correlation between t ase sequence shase

batvediFGhé taRe deigeneor s egponddm RO ednde eicateunded uasigien of the
C {c[] } generated
corresponding base sequence.

As a synchronization overview, FIG. 11 — FIG. 14 illustrate the synchronization
and acquisition timelines for all the TFCs. Specifically, FIG. 11 illustrates an
acquisition timeline 1100 for TFC-1 and TFC-2; FIG. 12 illustrates an acquisition
timeline 1200 for TFC-3 and TFC-4; FIG. 13 illustrates an acquisition timeline 1300
for TFC-5, TFC-6 and TFC-7; and FIG. 14 illustrates an acquisition timeline 1400 for
TFC-8, TFC-9 and TFC-10.

Referring initially to FIG. 11, the major synchronization tasks can be separated
into three separate parts:

1. Packet detection.



[0065]
[0066]
[0067]

[0068]

[0069]

[0070]

usi ng the hierarchical base sequence generator 800.
This cross-correlation property indicates that when a

woreqostsd9f il ter is enployed at the receiver, tPE/DaRE7/082736

sequence can be replaced by the binary sequence C as
the filter coefficients. In ohle approach, as
illustrated bel ow, the hierarchical structure of the

bi nary spf#eN&anfati6an be efficiently used to sinplify
the hardware of the receiver used for synchronization.

Fur t hér Cartiemfsggubecyaefisaht@gdotsg magon gied rame sﬁmhdémzation
versiQn of th reanbl (H??e sequen

fil teg c(g RN gl%ﬁ?‘%@seﬁv\e Stﬁ%(? 60\71%5 fr alf ands and, as
aRarfrod ki Wrhelfifes ¢or A1IETBCE, anrcbdt el bhécthas ewsle quemme 1 before
base ] for TFC-1 and the rounded version of the

prl}baSé@éGéi Sjag‘%]é Peeausg befgpq pagketgletection, the receiver has no

I
PPN A8 M 5 AL A
Thes, THeGirst tBpeqiréantlade bymbdth Ga Bddd-i Wil bt catsasedrfor packet detection.

qui n tinmeline 1100 for TFC nd TFC-2; FIG 12
&n%g%c:k ecaﬁ@ea g Cpmet?c{ R l?eﬁ%pﬁ QPP Cifpaton yyenabled
Jﬂ:&ﬂé, rebdiGr da1 SéanUfl il ﬁ@xt e@lﬁlﬂb"s%rhﬁobpﬂl B' A&1i 3€determine the

1300 for TFG-5, TFG-6 and TFC-7; and FI G
optiroslt FET ewnainwaécoxuﬂm OFEM t $ymahal. neAfWOOHnmg érsr@a&,on has been

TEC- TF Q063 Ref rr| ially to E

Rrpipid g ofte ek Tt o BRad-Tpicpseduyapl Syve cnouen
infbPnatiBh €8 kBGP A6 SRR dthér ﬂa@@@é&coﬂdmi’ﬂﬁﬂﬁ@tTFC and automatic gain
detection.[0065] 2. Timng estimation. [0066] 3.

@il eAGE) @qmeqsaylaamf w@ll be pentyrmest iAfari ASAC aneetfieds s rest part of
a]?l%ar gfezg&ﬁ Eot?e?LS@s foqI éﬁésésglgna%gﬁ Vit EQI%G% ¢ odrer:]tectmn.

prOV| tiple as seen

WiRnévdrgtanieasnt er dead:dted]' estinat ouoebV e RO bsthyatdafvailll Be sent to
dwel | on Band-1 before packet detection is asserted.
theiphasesroiRand dhier v e pilakeeecd atidedhaaiel cptiBatiaficei ver

has np (h(”oi’&! ((:)| gﬁterQQUta tsgﬁ%IﬁQq.\"é?l‘:t lfgj F&thégrfﬁ%’ﬁn‘hgh th® major

ot her ands is in’t
$ynchtonizatiee tqsk@aﬂb:l synshrohiakis1 500 1Bdndbsh wairlablelgmin amplifier (VGA)

RS B SRR bR SBET RRCH Sy ISl Tl 1506,
Sduafih n%‘%hﬁds@@da bit&ef @@c@dtﬂﬁrm&\&dlé 1SE60 ﬂ‘uﬁfn gt RanAsst mgg%le 1540

preanbl e synb in Band-1 to determne the opti mal
mdw@ﬁﬂqutlmtah@n @rDiuny spyshronifatien niadrdeni§78st i mat i on

Band- 11 0 PRRE Wt T T hvel oGt PR P DR £lsRen ciher

@@Wgﬁ@gyﬁ%ﬁq}lgﬁ&t {]C%ILPf her Obgndslza;c}c&r tHé RAink& f)ljggmﬁ:%ase sequence
{round(s,,.[k]), £=0,2,---,127}, as discussed above. Due to the hierarchical

structure of the binary sequence {c[k]}, however, the implementation of the MF 1506

may be simplified as shown in a binary hierarchical sequence MF 2400 of FIG. 24;

while for the rounded version, a finite impulse response (FIR) implementation MF 2500

is shown in FIG. 25, which in one approach is an FIR filter with 127 tapped delay lines.
In the rounded approach, the matched filter coefficients ¢[k], k=0, 2,---,127

is set to the rounded version of the preamble base sequence Round(sbase[k]). As
observed for all the preamble base sequences, Round(s,,. [k]) only takes values from

{£2, 1, 0}, which helps to reduce the hardware complexity as multiplication by 2 can



control (AGC) gain estimation will be performed. After

ACC is settled, the rest part of the preanble synbols
wawdos/osmIused for CFO estimation and frame syneCT/US2007/082736

detection. Wienever frane sync is detected, the final

output of the CFO estimation W1l be sent to the phase

rotator and the receiver will proceed with channel

BStdofRddi@Nly [APRBkncl Gis 1&ft ishiftss retues aABynelrLesh 281 FIG. 10,

1500 for performng the major synchronization tasks.

'Riwné(yggﬂﬂ))nnzzimaimﬁ@@)d eoissrdesclatiommirefeiry gathnthe base sequence

anplifier (VG nodul e 1502, an anal og-to-digital

cqnhMdr t eFhq AD@plekE®4of gheratwohddfdrentt excthodF) fot 566, matched filter

squaring unit 1508, a packet detection nodule 1510, a

impemgntaden wanmsrriged i the fdlogviagthble: CFO esti mati on and

£ L H H | [ 47N roocol s )
Fralre SyIriein Ut Z4ap 1T UIT TTouutr © L9379V, [ UUOJ] T're

chkfdhid Fdter $ypg[ k| ,Nkmbd of Real, |1Xanjbeodf Réwd \F 1506Size (bits)
can be chosen eit hekMuiplichgorBi nar y Asidiisesce {c[ k], k

=0—2; —2F—}-er—the—+ounded—preanble—base

S8inen Ekerfrchiend ( s| base [0 ), k F 0, 2,22, 127 }, #®(16+8)=240
tH-seussed—above: re—to—thehierarchical—strueture—of
Rdwadid BaseyScgieepence {c[ K} }, however 12T he 10*128%3 = 3840

Ll aWal

o) T e et S B
[0072] FI G 2He nikibéreofioperatibes isquneldr Y of 6 itnchewifthiAidn€ sample duration

i mpul se response gFI R) inplenmentati on MF 2500 i s shown
?rﬂmﬂ*‘elﬁ@%w Pt £ caglppimseash. the refsronpRsqqueRess can be stored

| Vil [: In the rounded

ﬁ%%?@%@%?ggﬁgﬁﬁgggEgﬁ“%?ﬁ?%?dé%g% |gfents g k], = 0,

[0073] 2, , TRJoutputsetthd MR hdorio prodeded By sicasquading et pi0Samuneting the
base sequence Round(s base []). As observed al
feﬁ@vaﬁf sanplce a4y dsgregpigye qﬂ&%d?fs&ﬁﬁ%w‘[m&{ ?l{t%fnwput may be
&gﬁg@eygiues from{2, 1, 0}, which helps to reduce the

rdware conplexity as nultiplication by 2 canbe

conveni ently inplenented aFmIeft shifi;ng 1 bit. Also,

[0074]  as seen in FIG 10, R&lnb¢E) pdse kigikkmi nt ai ns good
cross-correlation propertyl®mith the base sequence base
[ 1 ..The l.exity of .the two dj ent et hods far

00751 e iie ReBORT o npruhee b LR 8 B riffgrmed o

télldeothe REcrizglflon the@Uidpatl aldmclk: Mat ched filter
i mpl enment ati on conparison. [0072] The nunber of

operations is for either or's anch within one

0076] sanpl e duration Tsanpie Qﬂnl]/—Smnl\/%mg’ 1.89ns. For each
approach, the reference sequences can be stored in a

[0077] hedeupy tsahd eurfibdyTof cofisdchigvespatles thst dre sombhined afidD[e ] s the sliding
[0073] The output of the MF 1506 is processed by the .
yifistem egputnikhe 8 maydirominiementied pseaiel-yaimaHipgtheanesgy combiner

%%(wp a% tsﬁ(g\yﬁrgg ﬂ‘ﬂ?l@J % S%%rf-te?ﬂ Iﬁlﬁ&pa@ﬁte%gl%g édn%lﬁgr 2600 allows a
different weight to be assigned to each tap. The results of the EGC operation may be
used by the packet detection module 1510 and the timing estimation module 1540.
[0078] As discussed, the first step in the synchronization process is for the packet
detection module 1510 to detect the presence of a valid packet. The packet detection
module 1510 will assert a packet detection signal to the timing estimation module 1540
after a valid packet has been detected. Specifically, once packet detection is asserted
(i.e., the packet detection module 1510 has indicated that a packet has been detected by
setting the det flag to a logical true), the timing estimation module 1540 is enabled.



expressed as: 127 [0074] Rn] = r[n +k ] -q[k] k=0
[0075] It is noted that an equal gain conbining (EGO
wop@sasiiten nmay be performed to coll ect the enePglUs200T082736

the multipath channels: n+N-1 [0076] D[n] = Rim],
m =n [0077] where N is the nuhber of consecutive paths
that are conbined and D[n] is the sliding w ndow
‘PH&P o timhg SHaaliBYmbeult TRAE RBRMLE R i) Lernfdai@serts a symbol_sync
mul tlpath ener gy conbi ner 2600 as shown In 26.
Jigealto tI@pCEﬁa estirpatton aéldérag}e woaPRigptieoodee Il é%lr, a
diffe t..ta as £ ch t

[0079] r esul ]fé/\ﬁhggg aI(l) eé(?rél Isélgfg %%?D e%énaﬁse aﬁﬁral%nﬁ synchr%m%er 1600
tat ﬁﬁttyi niniFlchibited 5(310tha noF® ha@tuﬁlhﬁd)rn gne $1fahi§&styln61ﬁt0ﬁﬁdtbkbrﬁ module
1540. [0078] As discussed, the first step in th
§yHend ﬁ.Cf icoMpPp @bd drame $wh®ﬁ@ebéé%ﬂn0é'&eé@t sagppler 1602, a

t

TR Bl R e Rk, RIOB B p i By KELF® BB R and frame
sge'tchmnman ssb-grodlilet d 61 Oel 4201680, esi0maTheo demﬂdpleeerl!i@[m and the

L2 Yahd dupecket,has, been det ectetk  Speel Leal L puraliy
Qﬁtﬁétésﬁﬂlaﬂ&g éﬂdefréiﬁé- Qyﬂbﬁ%ﬂlih%ﬁ ?Yc%ésstopsaf 61d, PERK %3 340 based

been detected by setting the d to a | ogi cal
on the) TFE.hin onendppeoaghy themtiipohofihd lMlé 11@640nst®d of the received signal

d. Th t im t t d 154 . .
ST Bateh b pirmet PO RS ER el R RBH SugeR o s mypagesine eain
bP10-1eg ErP-egtdprati on and frane synchronlzatlon nDduIe

1570. {0079] FIG 16 illustrates an exenpliﬁé
[0080] estl mitor 1 aaldustiaterethe (P restingépn 28d dranka sy yorb@tlon processor

ﬁ)ﬁ%g aflc? FFthf E;Ee fﬁ%&ﬁ {glf ﬁ’l%.g c%s{ %affdgrrltlcglrll éor TFC-1 and

sync roni zation nodul e

Trame Syinehy,otht zZResgqudeBOisi detmdesd, avisaamhe inifid0CFOais denoted as
demul ti pl exer 1604 and a nultlplexer 1606, and a

VFuralsi ty xofVIEFD fos Bhsratorara it Fanamatiesyane ieemyes srlocal frequency
sub- nodul es 1610, 1620, 1630, 1640. The denul ti pl exer
flgobarde ¢ hd 2miH t Fm%lﬁmy t505 ipBaduccs dleghigible 1@isqgf| goherently

et 25T GPBM, SR e ARG Ton R it Sy Shelgipgpand-i the
,11@2&1 4630 (KAP 139856k BN ARITFC Ly

t he output of the i nst'ead of the received
SI gnalf[l’l m] \/128D Es cover[3n+l_l] hz[m] eXp(]zﬂ. AE Z‘Snﬂ',m)—i_‘/VMF’
n=0,1,--,7, i=12,3.

[0081]

[0082] where ¢ is the sampling time corresponding to f;[n,m], and w,,, is the noise term,

3n+i,m
and A;[m] is the mth channel tap coefficient for band-i.

[0083] According to the symbol sync information obtained from the timing estimation
module 1540, for every 165 outputs from the MF 1506, 33 consecutive samples are
selected as the input to the frequency discriminator (FD). In one approach, the
symbol_sync information identifies the first sample in the 33 consecutive samples. In
another approach, the samples do not have to be consecutive and may also comprise of a
different number of samples.

[0084] The FD calculates the cross-correlation between the output of the MF 1506 of

two consecutive preamble symbols in the same band.



[0085]

[0086]

[0087]

[0088]

directly, is used to perform CFO estimation and take

t he advantage of a processing gain of O logiol28 = 2
wa2aBos]10080] FIG 17 illustrates the CFO est i PEI/US2007/082736

and frame synchronization processor 1610 for TFC-1 and

TFC- 2. The operation of the ptbcessor is identical for

TFG1 and TFC-2. Initially, the frequency is

determ n%ﬂ/he n CFO i s denoted as AF =f

t f R ? ?&ﬁ@fﬁ%%}he transmtter and

receiver's Iocaﬁnﬂ%éq&&ne@”ﬁdr‘ﬂahda (”Tl}ﬂlﬂﬂk ;

Frequency error introduces ne Ie(Ifss )t

coherently accurul ati ng 128 aﬁﬁ1 hus SfoWFlD

%vﬁgre%hﬁgfmh%% gsk/tgb F%ng}g}%ae%?%ég/ﬂ ps/ethfn}lgls?o %Ie]n%l'ﬁom ther%D and
zg :3 %%SS c Q_é?tiﬁ %ﬂ. c;éia__y. 1Eiy %cc{rglulaleé ggj]cgn grﬁgve F I8ut uwMthe system

ishlestarplaimg time corresponding to / [n, nj , and NF
is the n0|se term and [M is the nth channel tap

coeff|0|ﬁﬂ} E ][0083] According to the

synbol J [ nh ?on obt ai ned fron1the timng
estimation le,1540, for.e .putrs fromthe
MF 1506, 33 cgﬁgéént [ ahb| §we4 ” tiﬁ as the

i nput to the frequency scr|n1 (FD) In one
approach, the symbol _ s rﬁ%dT @HK]%@H@Fff@é)TM@c

first sanple in the 33 %%nsecutlv sanpl es. | n anot her
rooach, e sanp t have be onsecu Lve .. .
e n%yca B R B B PP Ko iBepiocp e Sfrtng index
0084 u es t
AR by, A a2 LR I ﬁ%md (R "atBzghe total
two consecutive pranbl e synbols in the sane

belidtechael endviyn E| h [ +ﬁn]E nforbah&A8Bt applBwl Hand-2i and band-3
1] Sva [3(n + ) +m - | 2 exv(J2 p -AF1l -PTJ +

B Roaietbl S e fflgad fll Gt b pese ahdopshid pregmbls:

égfs = 49? | St Lgce ‘)C[i;:] ay. . By&g‘lcli’l;ltﬂmﬂ a:ﬁol ngc B%m OnSGCUtSJCO\V/e?[m]

(0] uts, 0% emij s e 0Q | ri

oxXn, l}"?nloﬂn méexr TFCs 1,2 | for TFCs 3, 4 tot ng o ltbr T TFISS 89
0 1 1 -1 1
1 1 1 1 1
2 1 1 1 1
3 1 1 1 1
4 1 1 1 1
5 1 1 1 1
6 1 1 1 1
7 1 1 1 1
8 1 1 1 1
9 1 1 1 1
10 1 1 1 1
11 1 1 1 1
12 1 1 1 1
13 1 1 1 1
14 1 1 1 1
15 1 1 1 1
16 1 1 1 1
17 1 1 1 1
18 1 1 1 1
19 1 1 1 1




[0089]
[0090]

[0091]

[0092]
[0093]
[0094]

[0095]

[0096]
[0097]

[0098]

[0087] = 12
_|])_

channel ene

8D0 .

WO e@ai0sN1e2 accunul ati on,
obtained by timng estimation.

initially found to maxinize the
z1[m0 +n] \ for

rgy Y |

( cover [3 + -1]5 cover [3(n + 1) +
F -PT ) +wAC [0088] where WAC is the noise term

and nD is the starti ngP@Hts2007/082736

Not e
t ot

that nD is
al 32 collec
band- 1, but

ted

Sequepce fo

Standéd d R

appli ed toafand 2 and D

synchroni z
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fonTHES dc i

and- 3 k=0[ 00
offior EECsdeh
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89, oT
r eafidledm] 0090} La?
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for TFCs 8, 9,
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vvvvv

The §ﬂon fl

the |
i ppi ngl of t

ésL—synbgL—Ld—each

]
I artu o Z

ettt s

e covel seq

)
L
of thel three

ence iln the

t hr ee 1

bandQZheIps

to detect t

he end of tH

e firdt 24 ¢

r eanbl ¢

generpte theframel syng signal. [0Q91] -1

synbaBs and
However, al so PI€aN (RGeS Nedde Gt SHRIAPPYERELAL | ON

of V[Ii] , the phase rotation due to the CFOiIs 2p AF
PTs , Fanamé eyrmhasezatlon aletoonon, ak esen insT4bdr getbe cover sequence for

RFEE YR e B D R, S0 By b
0P @1@1 fHprise f th @))iﬁer(sbﬁ&%%mﬁle?hrbg%aﬂd% HeP3931detbli the end of the

val ue of nmax indicates the follow ng: [0094] - First,
§rshéd p{ea@bﬁwlms and gen@ra@}heémtnée@ne Rignalf or al | BGs,

B Sl M TR B 1
oAb T FPPER BT o il B A possi
Eaﬁgé bR éWﬁQ&d“éﬁo%ﬁ (Prl%g%':ﬁ? dtofhl 96%94% 8*6%%] by

cover sequence Si
exani ni ng_t be ;uandaliaz ko) ?Iﬁﬁwxdl%;syﬁgv?zhwm) se2inge
y detec e sign

scenari o. [0097] To success
gy di scrimnator is

&?s , the phase

f 11 pPTAY.vaRicDEDNOnHRN@S tHe FEHIMEI
used: Z 1[n] =\17T[n +\ ] -{Vi[n] =0, \, -, 5,

[0098] whisghidce |id | gst@r at efarkiiteds ﬁlaﬁffﬁ ﬁNBGBf@lEer@tﬂoO‘l‘H 2nz”
detection process 1800 in FIG 18. The first row

apigaiebs AR cstinations @ ethe exsfidhtecdNgFONS thE tbfa AHD,ENOT the
Raqu (note that the
actional.

- Second, since |8, | may take values greater than 7 /2, it is not sufficient

to test the two hypotheses:
HO: CFO (8 only)
H1: CFO and cover sequence sign flipping (€ + 7 )

by examining the variable V,[n] only, even in a noise-free scenario.

To successfully detect the sign flipping, a second-level frequency discriminator
is used:

Z[n1=V[n+1]-(V[n]), n=0,1,-,5,
which is illustrated in a frame synchronization detection process 1800 in FIG. 18. The
first row represents the cover sequence for any one of the three bands (note that the
cover sequences for all the three bands are identical). The second row shows the phase
associated with the first-level FD outputs (note the ambiguity between @ and €+ = for
high BGs), and the third row shows the phase associated with the second-level FD

outputs.



cover sequences for all the three bands are
identical). The second row shows the phase associ at ed
wawaososhe2 first-1evel FD outputs (note the anbP@Uiis3007/082736
between g and q +p for high BGs), and the third row
shows the phase associated witth the second-1evel FD
out puts.[0099] The end of the cover sequence in each
[0099] band ige gietf §Ghe QO\Q:Y sc%]&néiaelﬁ%ﬁg‘[ bavial dEbted W@Q%c&mevel FD:
est ctrl / = sign| 1. [00101]
[00100] frame_sync signal cfe cgentl ategnpaksd b arlrraj or| ty
vote fromthe three bands, i.e., whenever there are at
[00101] | east Thowyasst s stlgnal tlh eeecriian dusichan camiaingity veteefigmothe three
hgds,(r: 12% gr %%I}eg?rstﬂgl\% %'tst nﬁOélt o ghrlﬁ:nté?ee%sfg nt%gcaarqg the end of
tHed@verl BauBRGeQT fitiyie \ Vs?izcﬁ Oranlstk%scﬁ’wdvzﬁfdil gBtrkyeiver is switched to the
i mpl enented as: frame_sync = -sign cfo est ctrl / =
clsangel esstigatiprk@ad¢.HIMg maﬁirgtﬂyae icath b e @V 0adR impomegEdas:
estimation, for each of the thr bandF t he

AR oy 9

where is the startlng synbol |n ex for “the

[00102] accunBbCFOrstimatied)dor cash tof tidirderBanil@lthy Blstiéevel FD output V,[n]
SIgTi[SR(ZJw -1])] = 1. The accurul ati on conti nues
isniccumilbedend of the cover sequence in that band is

detected ( cfo_est _qgtrl = . Then V. will be
[00103] ocessed by an’ar é’t{(il_)ﬁl%b@%{fﬂoh])ﬂ,o ical.@ubate the

angle :arctan[%(”\)./ (V)] e[-p, p) , [ —1 2
001041 el Bt AR A R0 [BS0PT R G On oAy T the it

G BRSO s B t&ge“ts e covr
F F i

Saunce lﬁdﬁ%?d PR s %s%éazés oh ey ﬁweneymcessed by
Fbi ] 5% S‘tﬁgt% aﬁs %tet'%%ﬁglgé‘” 3 F‘B&%Hegndyt he

phase error (Kg/gﬁkﬁ%é{?] ‘_T 3,2 3

[00113] Fi na se € S sent td a phase
[00105] ﬁrQI @k Qktirh&e 69ﬂ{e€&“équ&wy LYt FameUARGat&l 4501 S .

[00106] s-1._1 ﬂ+ﬁ+§,
3 27PTF,|a, a, a,

[00107] where F, =4224MHz is the base oscillator frequency, and the coefficients «; are

defined as the ratio between the center frequency F; to the base frequency F

[00108] o =F/F, i=1,273.

[00109] The final estimates of the frequency error for each of the three bands are given
by:

[00110] AF, =60, F,, i=1,2,3

[00111] and the phase error per sample is:

[00112] ® =2 AF T, = ﬂ+&+§ , i=1,2,3.
3P a, a, a;



[00113]

[00114]

[00115]

[00116]

[00117]

[00118]

[00119]

[00120]

[00114] FIG 19 illustrates an exenplary CFO
estimation and frame synchroni zati on processor 1900

wo bas/os21pt enent s the CFO estination and franme PCT/US2007/082736

synchroni zati on processor 1620 for TFC-3 and TFC-4. As
the operation of the processol’is identical for TFC 3
and TFC-4, the description will focus on TFC 3 for

si mpl Fially, @ pRERSERSAL O to[@@ﬁ@s@]mﬁﬂfr thI @HYENEY any frequency
di scrimnation of TFC-3 and TFC-4, two first-1evel

fr@guency discrimnators (FDs) are used in one

Sgﬂ grﬁﬁrrgn%ée) }l’ﬁ?}sﬁrtélte% Faﬁls%ée%%)%%rg%ﬁbgsséiéla 1tﬁllé Md frame synchronization
poessso Anne! i dmpheisneenhd NEFO uégpiniasionf adddradie k$Hdhronization
of two contiguous preanble synbols in the sanme band; b

PrOpeTsPy 1@%0 for ]FFC[-3( amd T]%.TCb14) f}ﬂ the ;q:pgraflpl’l ﬁf the prossprae i Klentical for
EFF%]M{H @?]4'2th%)d]_e%@ﬁoiﬁ8§ 15[1& rl}?ﬁ'l’s %&'TE&-!& ){(’)r-"sir’ill%%c?ltyl[ cggpﬁsgét’ation.

3 [ OOE4r/ freqduace disceintinationasid TFA(R and- TIFC-4 niwafiestiléwe] /frequency
h out put f the MF, for the (2" )th and (2" + |[)th . .
dredmisiors fhES) artnuisdns. pe i s the el &Ebagstlmaﬂon

h&9. TRe RS Hp PRLLBRS ik Eﬂo@-cér?elaﬁ&h%é%@&ﬁhe&&lgﬁtﬁs of the

I nvolved in the above equation are listed as foll ows.

BHhtbGorrd éwo coBygvioos pysainbl symbolsandh@@ne tkedand 16, 2 1
and 22 3 17 and 18, 23 and 24 [00118] By accumul ating

33 cokkeldwtt] v l6tit plh @] frldththe first FD, it is

obtai ned: V Lin N, [aR+m; 008190~ 128DA {s
cmetl[6n +2(/{:-1811)9(]E?sg:6°\b/ere[t[6nrﬂ(l+n2?§lsgofe)q + ]12](1) .Hx P?{F:J

-AF, -P1TJ +wAC [00120] The seconkhi[lﬂmzc@zipﬂﬂlfat@@-PIITe)JrWFD,
Cross-correl at, p? %.etlvxéep the outputs of M- 1506 for
synbol 15 and 2’1" ("'Band-2), and synbol 17 and 23

a- ¢ . ,
Bt P Y D ALk ol s o
QM'ﬁﬂ)t@ﬁl%amble symbol in band-7; and P, =165 is the delay. According to the

timeline in FIG. 12, the symbol pairs involved in the above equation are listed as

follows.
Band index i Symbol pairs
1 19 and 20
2 15 and 16, 21 and 22
3 17 and 18, 23 and 24

By accumulating 33 consecutive outputs from the first FD, it is obtained:

32

V=2 0" [n, my +m]

m=0

=128D,E, (s, [6n+2(G—D]-s_, [6n+2G—1)+1])-

32
[Z| h[m, +m]|2] exp(j27 - AF; - BT,) + Wic
k=0

The second FD calculates the cross-correlation between the outputs of MF 1506
for symbol 15 and 21 (Band-2), and symbol 17 and 23 (Band-3). Note that in order to
do this, the outputs for MF 1506 for symbol 15 (Band-2) and symbol 17 (Band-3) are
stored in two buffers, each with size of 33 complex numbers. By accumulating 33

consecutive outputs from the second FD, the following is obtained:



stored in two buffers, each with size of 33 conpl ex
nunbers. By accunul ati ng 33 consecutive outputs from
wae b@sssaend FD, the followi ng i s obtai ned: [ 0012Q]/US2007/082736

[00122] where the del ay beconmes P2 =6 x 165 = 990 .

[00123] For frane synchronizall on detection, referring

again to Table 2, the cover sequence for TFC-3 and

TFC-4 maintains ¥s1 except far the last symbol in each
[00121] of thég”t)ml@@agapis.mheophe]#%emp@ammimgwewg@ GFQ, 3

is 2p AF P1T , andot takes iVts |argest possible val ue

fgr BQN(E}lZ (in BG4) wth a total 40ppm of fset:

[00122]  poereshg dedayhscomes iy @ MOVESRO 40ppn) x 165 x
(1752 = 41.58 . [.001 .-The_wval.ue of . max

001231 0 B i SrsTipiaetiG | G bt g, Rei T Fepley gy o cover
fequende foHAFEN @S TFOa mhdkaid h 1B&Bepttfoette lhs sf@bol inZaph of the
" anbiguity for CFO estimation, i.e., the estinated
OF® bands hd'he phase ©ROonNOT e ducaiot Clods 2200 FA7] and it takes its
Second, since | nmax t akes val ues nmuch less than p /

fargest pospidlayendug for BANPtladin Baeh twidh iphdiiepeoffselo  CFO
o241 & 3 3" S ey 4 R AM R oeRETT I ST st PR R
001251 Zove The ]Gl thn BUEHUERE S Ber bt od by the first
1001261 1 Car TBHHSE1 Chd < FrGh BRoreREY P BCs1 GG i 207

er at d.on maj ority. vote .f the th

BRRGLR (o 23T Gl ie b R EPGL A e ER Qo the
Ch&diopat. i mati on, for Band-2 and Band-3, the first FD
output is accunul ated: [00134] where is the starting

[00127]  synbot iSedend, see f He, add@pyhlacs ovch fespaiva- £/ 2, iFhgpossible to test
accunmul ation continues until the end of the cover
gedehyrothescpnat band i s detected ( cfo est ctrl / = -
1) . Note t Y rdilqg to the tinmeline shown in
FIG 12, thg?ééclf?gﬁlo?/lhgne (1) [ ] for Band-1, which
appears to Wél:v&iQ ambeswer schiumsce sign Bippingd#i+gn) wedo
not use. j él) ["Lﬁ‘di n,the CFO estimation to avoid

[00128]  bwprasnippigdhe Yagblaht ilshonlyagvep in thedowmNR fregmet o

[00129] det eCIFhf]; fr:r?({Tgf tﬁg Qg\}er sequence in each band is detected by the first FD:
cfo_est ctrl i =sign[ RV [n])]=—1.
[00130] Similar to TFC-1 and TFC-2, the frame_sync signal is generated based on a
majority vote from the three bands:
[00131] frame_sync = —sign{ Zcfo_est_ctrl_i} = —sign{ > sign[ RV V[aD]|.
i=1,2,3 i=1,2,3
[00132] For CFO estimation, for Band-2 and Band-3, the first FD output is accumulated:
[00133] A ZVZ.“)[n]-sign[iR(Vl.“)[n])], i=2,3.

[00134] where n;, is the starting symbol index for the accumulation in Band-i. The

accumulation continues until the end of the cover sequence in that band is detected

(cfo_est ctrl i =-1). Note that, according to the timeline shown in FIG. 12, there is

only one ¥,"[n] for Band-1, which appears to be very noisy. Thus, in our design, we



[00135] The final accunulation results 2 (1) and V |)
are processed by an arctan(-) function to cal cul ate
W@ b@sasygbe: [ 00137] The averaged results are: PODUSB)P7/082736
where the coefficients a are defined as the ratio
bet ween t he center frequency P to the base frequency
FO : [00140] =0 =2, 3 . [00141] In one approach, if

80h¥t & AV ANE e THO LstRLBiol 36 QV PREBEAHTE GESRadation. V:Pn] is
not e

est I mat'i dn e residue error vv|
&& |u§$@@t&[&tfr1ﬁels?w ove performance, the CFO
estimation wll on the output fromthe second FD,
[00135] and t ke dingl acﬂ.ll’mﬂdtlcﬁl Bes@lty Ml knbe/Usadt pricyssaé ty an arctan(-)
reference. The details are descri bed as foll ows.
fl@l@&'qrzyocﬁhellateﬁulamglefromthe second FD, 2 (2) and 3
(2) , are proc ssed [ arct g ) function to
[00136] cal cuI at e: 6?43]&&@9 }/éJE%Fﬂ(er{fz)ﬂ) 1132(®2) )] e
ﬁ Uf 00144] However, since the del ay
[00137] of th@ %e\if‘éﬁ‘%?dﬁ@ tgapy = 6 x 165 = 990 , the |argest
possi bl e value for <9 (2) . [00148] 12p x (9240MHz Xx
40ppm x (6 x 165) x (gm 52 M—)Izgat .48 [00146] for
BAND- 12 (BG4) with a’tota 40ppmoffset I n ot her
[00138] words, the angle <9 (2a) has 2p anbi U|ty and t he

conpeting candi dates areg: @;4%‘] 0f@h) = Qla) _ sign
yla) ] ci =2. [00148] Uy, aetvvo conpet i ng
ver si ons of the averaged re ults [00149] g?a) =- q?a)

[00139] Wh&edhé goe’f{iggr}tg’ %]l. a?@geﬁned as the ratio between the center frequency F; to the
base frequency Fj:

[00140] o =F/F, i=23.

[00141] In one approach, if only 6" and 6" are used to perform CFO estimation, the

residue error will not be satisfactory. To improve performance, the CFO estimation will
rely on the output from the second FD, and the angle 65" and 6" will be used only as a
reference. The details are described as follows.

[00142] The results from the second FD, V* and V), are processed in an arctan(-)
function to calculate:

[00143] él.(z") = arctan[S(Vl.(z))/ R )] el-n, ), i=2,3.

[00144] However, since the delay of the second FD is P, =6x165=990, the largest

possible value for 6 is

[00145] 27 x(9240MHz x 40ppm) x (6 x165) x (1/528MHz) = 249.48°

[00146] for BAND-12 (BG-4) with a total 40ppm offset. In other words, the angle él.(za) has
+ 27 ambiguity and the competing candidates are:

[00147] 6" = 6% —sign[0°91x 27, i=2,3.

[00148] Thus, we have two competing versions of the averaged results:

[00149] 02(2a) — l éz(Za) + az . 93(2‘1) , 03(2(1) _ l a3 . 92(2a) . é3(2a)
2 a, 2 a,



[00150]

[00151]

[00152]

[00153]

[00154]

[00155]
[00156]
[00157]

[00158]

[00159]
[00160]
[00161]

[00162]

[00163]

[00164]

[00165]

[00166]

[00167]

[00168]

[00152] Now the reference angle q (or 3 (1) ) can be
used to nmake the selection according to the foll ow ng

W@ e®B/Os100153] if q i a) -(P 2 Pl) -qg2(i> < q PGI/USIOPT/@B2736

Pl) -Q (1) [00155] else [00156] ) .(2b) 2(2) = 2: Q =Q
[00157] The final estimte of2& he frequency offset is
gi ven by: [00159] and the CFO estinates for each of
the three bands are given by: [00160] AF = a FO, i =
1, 2, 3 . [00161] The phase error per_sanple is:

[00163] Fin ph S@@@rror S peat-4&Y a
r ot at or tofg% g{;nﬁ i ] dﬁg%cy—%rréis—+ﬁggj64]
FIG 20 illustr S an e énp ary CTI; st¥mat i on
frame_synchroni zation progessor 2000 that inplenents

the CNOYelS FRdeFRSE élih%lef@ né)rsﬁ’n&h%hbﬁatspérfOpmelef‘e&,lseolselectlon
1630,.f or TFg}F TFC-6 and TFC-7. As the operation of
pererdingtodhe Mlavwdng st i cal for TFC-5, TFC- 6 and TFC- 7,

t he d (mpt 1 T yifor sinmplicity of

prese ﬁlon‘%géﬁ%gi| 2t|aﬁﬁy]EngJuency

di scrimnpation, €g§t§9£kned by the cross-correl ation
s 0f%

bet ween @me—éutpu 1506 of two conti guous

preanmbl e synbols: dn,n] =L (n +l),n f[n,n] [00166] =
DOE (§€%vjn] -sco e [n +l]) \h[n] \2 xV(j2 p AF PTs )
+W/4 [0 bQZb@mhe@e)Eéf&65 is the delay. Note that the
band i ndex i s’ difopped Since there is no frequency

hoppi ‘FEe iRk cHifrate of Rife e RendyFEersbt 15[%6(%} By

accumul ati ng 33 consecutlve outputs fromthe first FD,

what is obtalnedlls } dn ,lnga;g] m=Q [Of@ﬁé} =m
DOE quyzlqn
DOES s m [V ¥ 7 o] oeqiualieper 2y 7F) <PT

and the CFO estimates for each of the three bands are given by:
AF, =ba,F,, i=1,23.
The phase error per sample is:

2) 2) 2)
_ @ 0, 0, 2
o =-"L2— 0=, 0= :
a, P P, P,

Finally, the phase error is sent to a phase rotator to correct for any frequency
errors.

FIG. 20 illustrates an exemplary CFO estimation and frame synchronization
processor 2000 that implements the CFO estimation and frame synchronization
processor 1630 for TFC-5, TFC-6 and TFC-7. As the operation of the processor is
identical for TFC-5, TFC-6 and TFC-7, the description will focus on TFC-5 for
simplicity of presentation

Initially, frequency discrimination is determined by the cross-correlation
between the outputs of MF 1506 of two contiguous preamble symbols:

Ol 1= f1(n+1),m] £ [n,m]

=128D,E, (5o (1] vl + 1) | Alm]|” exp(j27 - AF - PT,) + wyy,

where P =165 is the delay. Note that the band index is dropped since there is no
frequency hopping for TFC-, TFC-6 or TFC-7.

By accumulating 33 consecutive outputs from the first FD, what is obtained is:



[00169]

[00170]

[00171]
[00172]

[00173]

[00174]

[00177]
[00178]

[00179]

[00180]

[00181]

[00182]
[00183]

[00170] For the frame synchroni zation detection, the
phase rotation in V[n] due to CFOis 2p AF PTs , and

WO pooRas219% its | argest possible val ue for BANDPCT/USZ00TI082736

BG5) with a total 40ppmoffset: [00171] max = 2
x(10296MHz x 40ppm) x 165 x (AV528MHz) = 46.33 [00172]
The value of max indicates the followi ng: [00173] -
First, since o nmax |< p , it guarantees that for al
BGs, thelf[w]i:sir@[n',' m,2mp] " anbiguity for CFO
estimation, iz~-e., the estimated CFOis the total CFO
NOT the fraetl28pak, (s Lverpm7ﬂjver[n+81§):ond since | max |

takes val ues nuch less than,p / 2, it{is possible to
test the two hypotheses: HQO (ﬂmﬂﬁlggp;l—tﬂ AEFPTand,,
cover sequence sign flippi q +p ) %

exam ni ng the variabl e V[n] onl y, even in the Iow SNR

r egi nEor thodikm8] syRtigonization ddteionathe phasef iotatien in V[#] due to CFO
synchroni zati on detection process 2100 for TFC 5

PFEr 6FaRE , PREitrhasTseits argast posnibile valhe foq BAND-14 (tnhBG 5) with a
cover sequence, and the second row represents

to§3l JApRAOHSe ) 1 * . The si gnal "frame sync =+ " is

d h d
S Bl o
e)s/tl rrgﬁ? 82%1 rlinaﬂ til %(f(igotwncl)% tﬁe FD out put V[ n]

d " e
= Secu b L0150 Y B B bled 2

érﬂgiggﬁ‘y?t“fﬁg'c%‘d %gtll’n}[ﬁﬁl Q%CUEEE' Ehl%dcgﬁéefﬂutﬁé 41 Idrd, hﬁOT the

cover sequéncé I s detect rame_sync =
fractamacfo_est _ctrl = -1). Then V will be sent to the
arct an( 52; conputer to cal cul ate the angle: %00182] q.
—ar ctan] qu) /s1n(cq/)| a[(J, taé«:smlues fn@gl]_g@]; g7 { Belt 18 possible to test
f the frequency offset can be cal cul ated
gﬁ@f@‘fgﬁﬁesd = 2pPTsF [00185] where F is the center

fr équency e d@fege /ly)or per sanple is:
H1: CFO and cover sequence sign flipping (8 + 7 )
by examining the variable ¥[n] only, even in the low SNR regime.
FIG. 21 illustrates a frame synchronization detection process 2100 for TFC-5,
TFC-6 and TFC-7. The first row in the figure is the cover sequence, and the second row

represents “sign[R(V[r])]”. The signal “frame sync=+1" is asserted when the

unique pattern “—++ " at the end is detected.
The CFO estimation and frame synchronization processor 2000 also performs

CFO estimation. During CFO estimation, the FD output ¥[#] is accumulated:

V=2 VIn]-sign[R(V[n])]

where 7, is the starting symbol index for the accumulation. The accumulation continues
until the end of the cover sequence is detected (frame sync = +1, or cfo_est ctrl = —1).
Then V' will be sent to the arctan(-) computer to calculate the angle:

6= arctan[S(V)/ ‘.R(V)] el-r,7),

and the estimate of the frequency offset can be calculated as:



[00184]

[00185]

[00186]

[00187]
[00188]

[00189]

[00190]

[00191]

[00192]

[00193]

[00194]

[00195]

g [00186] w =-. P [00187] Finally, the phase error is
sent to a phase rotator to correct any frequency

W@ee81052193 00188] FIG 22 shows an exenpl ary CHET/US2007/082736

estimation and frame sync processor for TFC- 8, TFC 9,
and TFC-10. Since the algorit¥mis identical for all
the three TFCs, the discussion will focus on TFC-8 for
succi nct ness of presentation. [90189] Initially,
frequency discrinmination i§=detérm ned by the
cross-correl ation between thedifiputs of M 1506 of
two caonsecutive preanble synbols in the sane band:
whorspfy s thecgeater Sigauengy. The gwe[ezfehmr spmple 15: 1] >
[00190] hcm \2 exp(j2 p AFP§)+W, /i 0, 1,
---, 10; i =1, 2 [00191] whgeeZf\_n,m and [( + I) n
are the th output fromthe M-, For the th and (n

+1)th_preanpl e s

530 1 ERefE Be Pt SRBbinedn oy Phissuhe Fy™s in Bladency errors.

conseglt i2ehbRs el bR thSlaryVdRb e'st%n@tmr?drﬁ%nhess ynk %%e%?ﬂor for TFC-

=12SDOE (scovet 2n +i - 1] scovet]| (f) + 1- l‘r

SKTEQTI, \agd)TE,C-U p Singe I@Talgonth\mq@ ]de@tlc[ad) aoaf] tkpm@hr@e FCs, the
nos rom:t ny |on and nD is

&ACHSS rV¥1I n%CU.ISr(]) ex Og1 I'SllCC ht%e%% m%reser%& I rTHtI on. Note

that mtidlB, i fritqueaty yd1§@£tﬁldaﬁi<m ﬁBXdé’beZﬁiné& byt ahal cross-correlation

col | ect ed channel ener% 0 +m \ for Band-1, but

heipreee dha eutpals RIOVE 130 GfOtVYFé@PIFS@PlﬁW@ Preggble[ypboly in the same

4:frame synchronization detection, the phase
rotation due to CFOis 2p AF PT | and it takes its

| ar gest possijbl f‘[(Vz MnBAND- 14 (in BG5) with a
total 40ppm off rx(1029 I\/Hzx Oppn)x
(2 x 165) x (|7 caneré?f*zs@ﬁom@ ny )e+</a e of

gmex indicates the foI | owl ng: |hl.[m]| exp(j27 - AF, - PT.) + Wy,
n=0,1,---,10, i=12
where f[n,m] and f,[(n+1),m] are the mth output from the MF, for the nth and

(7 +1)th preamble symbol in Band-7; and P =2 x165 =330 is the delay.

By accumulating 33 consecutive FD outputs, what is obtained is:

Viln] = in-[n, my +m]

= 128D, E, (s, [2n+i —1]- 5., [2(n + 1) +i —1])-

s (SCOVCI cover

[i| hi[mo +m]|2] eXp(jzﬂ"AE' PTS) + W

k=0
where w,. is the noise term from the accumulation, and m, is the starting index

obtained by timing estimation. Note that m, is initially found to maximize the total
32 5

collected channel energy Z:|hl[m0 +m]| for Band-1, but applied to Band-2 with
k=0

negligible loss.
For frame synchronization detection, the phase rotation due to CFO is

27 AF, PT,, and it takes its largest possible value for BAND-14 (in BG-5) with a total

40ppm offset:



[00198] - First, since | 6 >max |< p , it guarantees

that for all BGs, thereis no " 2np " anbiguity for
WCEHDsesPIMmt i on, i.e., the estimated CFO i s t heCT/o82007/082736

CFO, NOT the fractlonal [00199] - Second, since | max

| may take values greater tha#¥ p 12 , it is not

sufficient to test the two hypotheses: HO CFO ( ¢

onl HI
10015¢] ) [%%20 ?m%y exaggﬁﬁﬁgqéﬁg ari a IebgFK@y&ﬂﬁhﬁggﬁg%6?ﬁ

[00197] @& NOI ’i’ﬁe%lﬁ@o%e”fi‘ﬁdl@amitﬂ@ﬁ&}?&w . successful ly detect

the sign |pp|1ﬁ'1 a secon frequency

[00198] di scri mf@l%t %(%nc'es| émaXnHL %mel{]%Fegraré%%Jo 298k, r ang\/%@re"'is_lIlo “+2nm?”

- (VXn] J, e process is

hthbisalty %19 ¢HQ e§t1r§1£t?dﬁe 1Y, NGRr Qg RYl @F‘Odﬁtt%ttbﬁ[‘ CFO, NOT the
process 2300 in FIG 23. The first row represents the

testmakequence for any one of the two bands (not e t hat
the cov seguenc for Band-1 and Band-
(001991 | Gent 1 o SIF AR Cond AR SUL Ho S ize BL3oliiapepuficient
he flrs Ievel FD outputs (note the anbiguity
g%?%é% té”&? +p for high BGs). The third row shows
t he phase aqamquabeg(yn§ﬁ1the second- | evel FD out puts.
The dashed line indicates the starting point of CFO
estimation dEbd&rE? aed ewver preuensesigmBIDPIEKPE 7 14,
hr.oni zati on det.ecti on .process

00206 f
00202 bRgETahimedfe L BT BYPEALS SER in e boRRIE ol equence
[00203] I S I d%g%hgc%Fﬁulg dfl:?f%cn[d[he Si n&ll{)lﬁ o% IS] cgncﬁ Eevel Pr u r“{g% )c(hslgrirninator

chosen purpose &rChannel
rEhphenddtapped for franme synchronization detection. |t
is assumed that the CFO estimation will start no |ater
[00204] than synbol - 15 iZn[nBantlx1 1]o¥;[s)nbot = 016-+19,Band- 2) ,
such that the second-level FD will not mss the first
[00205]  andpthe procEhers itlsragadsinentrané byngbrasgzation éetfegﬂicbmmon@w\mO in FIG.

Q?l azﬁ% ﬁﬁsg?{)\g ?%)r;seéts%ge C%Ve:P s?asugﬁ%et é)gg%\g gll? % t%e Itwg %ﬁnds (note that
fhcad®R syt Gereed o Béndas el Besld-ange ideaticLr eTNEEecbid row shows the
switched to the channel estimation node.[00209] For

rieer estaciged vith ths fypogreli P puutpgote e gRbigaity between 6 and
?ﬁS;? Cfo?h? % l¥t§s)h 'hbe r'drrixtx/l S%X?/F ﬂfet %lfa%%' .a?s%maﬂ:g \?/Lttlpﬁ{g s%cond level

FDQ)uﬁiufﬂi €T l&f da\s’hédl]]me 1nﬂrbatbs tHefstaatigd péinVof OF P estémation accordmg to
the timeline in FIG. 14.

[00206] The frame synchronization detection process 2300 operates as follows. Because
the cover sequence is identical for Band-1 and Band-2, either one may be chosen for
this purpose and the other channel index i may be dropped for frame synchronization
detection. It is assumed that the CFO estimation will start no later than symbol-15 in
Band-1 (or symbol-16 in Band-2), such that the second-level FD will not miss the first

7. Then the system will detect the following two phase rotation “0” and “ 7z ” by:
7 sign[R(Z[n])] = -
0: sign[R(Z[r])] =

[00208] Once the unique pattern “7-0-77 is detected, the signal frame sync = +1 1is

[00207]

asserted and the receiver is switched to the channel estimation mode.



[00210] state["] =[-1, if angle(F>]) = + ;r [00211]
For each of the two bands, the first-level FD out put
wWoRWs/0Fa9Accumul at ed: [00212] V = Ven\ - st at e[ PET/UB2087/082736
1, 2 n=nt [00213] where His the starting synbol index
for the accumul ation in Band-34. Because the state
transiti on happens when the phase of the second-|evel
[00209] FD i Spgr CFDhc%u%Iaﬁbﬁ A shvw{nn]h a@n 2hetHepsiatedssdSiated with the first-
00214] state["O ] n =n0 ; [00215] Do [00216]
evel ED"can bg: 1n[eq1©@r]_(7[]‘ thgttafp@[ta'tq:s 4 ot dted .- [f1jtatgfngnis defined as the
; [00218] } [00219] while frame sync + 1
ﬁ@@Zﬁd%’ﬂhce frame_sync = + 1 is asserted, the
receiver sets the signal cfo est ctrl = - 1 to stop
the accunul ati on n?g] irll 1bengledcbdded by an

arctan(-) functid C L@uh@gglkne yg@ekﬂ[00221]
Carctan[3(n ) (V)] e[ el ANS g A S 0201

The egt y f
oy T ep ek AhgglaeanglL Rl ity b s

[00212] frequency, and the QQefPEp gp&gwgﬁ 3 1, @efined as the

rati o between the cente Jequen to t he base
frequency FO : [00225] G =FIF, =1, 2 . [00226]

[00213] Wheref hnal thestdrigt epmbél e faredu %B@Mmﬁﬁtﬁ(ﬁf if Ban®achBedause the
the two bands are gi ven by: [00227] AF =Sa FO, / =1,
ahfé&?a&&]noamldpﬁén@ vikaske Blidselof PRY ses@itPleeeli BD i @Q22O3tatklof V,[n]

=2p - i =1, 2. [00230] Finally, the phase error
car&fmmMKﬂaa phase rotator to correct for any
frequency errors. [00231] It is to be understood that
[00214]  { he enBbHfodENtls iedcer i bed herein may be inpl enented by

[00210]

00215] Q?rgﬁﬁ , software, firmware, m ddleware, m crocode

[00216] { n=n+l

[00217] state[n] = state[n —1]-sign[ R(Z,[n - 1])];

[00218] }

[00219] while frame sync # +1

[00220] Once frame sync = +1 is asserted, the receiver sets the signal cfo _est ctrl = -1
to stop the accumulation and ¥V, will be processed by an arctan(-) function to calculate
the angle:

[00221] 62. = arctan[S(Vl.)/iR(Vl.)] el-z, ), i=12.

[00222] The estimate of the frequency offset can be calculated as:

[00223] 5 :%'ﬁ{%ﬁ%} ,

[00224] where F, =4224MHz is the base oscillator frequency, and the coefficients o, are
defined as the ratio between the center frequency F; to the base frequency F,:

[00225] o =F/F, i=12.

[00226] The final estimates of the frequency error for each of the two bands are given
by:

[00227] AF, =éa,F,, i=1,2



conmbi nation thereof. Wen the systens and/ or nethods

are inplenented in software, firmvare, m ddl eware or
WOorR@sosaeEe, program code or code segments, theRCTEH§200E082736

stored in a nmachi ne-readabl e nedlun1 such as a storage

conponent. A code segnent nay?Yepresent a procedure, a

function, a subprogram a program a routine, a

[00228] &Rﬁh@%h&ﬁ%ﬂ@@ BodHp® isa sof tware package, a class, or
any conblnatlon of |nstruct|ons data structures, or

program statements. A code seg ép be coupled to
[00229]  anot her code segierd” d¥'al.va e%tT cui LB passi ng
and/ or receivVving |nfornat|on 1a, “a gunent s,

[00230] glrna@ﬁh F?dsg g{rgﬂgggr; gﬁsg roé{o&r ton %%er%g r%glg greeauency eITors.

[00231] forwartded,toO0be tﬁrﬁi&ﬁsﬁ?@ddt @kht UgHeN @ndolinsdhtd alk@ib¥BaRSein may be
i ncl udi ng nenory sharing, nessage passing, token

pmslgmﬁ@te neY Werrkwatica rsohingsd, o Airmepte. nobkapdre Fapicepcode, or any
]Bl% S fh eo? FW{[e%t t'hg Q%%&%se ﬁ%}(ﬁﬁlg \ghﬁwégsc’ F%?lélﬁ{lérggnqed in software,

eenrra enent

frmeey madleévmcbﬂ efiSroc@ltgl psepram) cddadr gricl @umchfRe they may be
functions described herein. The software codes may be
8Pl 4 MasHROFSPIEP Mo WXB B redOBYS FRBRISEbr é\ coflgesegment

HBUR ke R § prIRYIRE o ARLEITERLESh . 8 pfQurR! PERREOT Bbroutine,

the processor, t’ can
g onnadirie,c at sofistaye qmulgﬂ%d at olaBsh eorp pioc essbination oefgy hlstructlons data
various nmeans as is known,in . the art. L? 233 V&at ha
0

HERSTER < MIBFAMABHTRCP e | A FO4° SxERPILd8D0PC 6R t‘Pn%P%ﬂsler code

sirhndt BENhSdwhie diuit¥y ﬁ@éﬂﬁgc‘ End/B%ecORE iPbEn i, data arguments,
describe every concei vabl e conbi nation of conponents

pfrrameterﬁodom@gloe}s chrgentp uhﬁfw@@oo;f argersenth, tiiarggnaters, data, efc. may be

PHOERIORA e FERSOHTERN T 4P b B RLPCRIG Ahoty sharing,

FREJALH PAds RIStoRBEp RS AW bANBarBiidRInl s enbodi ment s
are possible, AccordlngI%Ir the descri bed enbodi nents
1p

[00232] are i Keertdsaftverce implaee n.s theh teghnigugs i dprgribed herein may  be
{Q’H?p@tlﬁlifn%ﬁtgé g? e nﬁ)ﬁgl ¥6tr| atﬂr8&%lu¥ gg%u 31)1]15 éur R &ghtﬁat %erforrn the

functibves dostiebdd hé’raﬂn t Tiee E@fﬁm id@dbsudﬁ§ 'bel sor¢d ad rnffmory units and
ei ther the detail ed description %% the cl ai s, .such
PECHiCH dYinfeevay 1B BEMORE is Mg OeAmalcreRfRdrw dhiRitheprocessor or

LQetbe d %e"bro%@gwf '11°1' @Hwh Ase TOPRL bé'c%ﬁlmdtﬁcatlve a/ coupled to the

I nterpreted when enpl oyed as a transitional wor
ploaessoiCGhAiuB WHIATS h&inSlafiNEOwWnSn the arA et hod f or

ooz RS TR SRl asd e er Sregueney ol ssl . covodiment
It is, of course, not possible to describe every conceivable combination of components
or methodologies for purposes of describing the aforementioned embodiments, but one
of ordinary skill in the art may recognize that many further combinations and
permutations of various embodiments are possible. Accordingly, the described
embodiments are intended to embrace all such alterations, modifications and variations
that fall within the spirit and scope of the appended claims. Furthermore, to the extent
that the term “includes” is used in either the detailed description or the claims, such
term is intended to be inclusive in a manner similar to the term “comprising” as

“comprising” is interpreted when employed as a transitional word in a claim.



performng a first level frequency discrimnation on
at | east one estimted channel tap to generate a

wo e@gusney di scrim nated val ue; estimating a pPEEES2007/082736
error fromthe frequency discrimnated val ue; and,
determining a predeterm ned f#ane synchroni zation
pattern fromthe estimated phase error. 2. The nethod
of claim1, wherein the pregeipyqi ned frane
synchroni zation pattern conprises a sequence of
alternating signs. 3. The nethod of claim1, wherein
WﬁA@s]tSi%géM 38e error is proportional to an
esti mated frequency error. 4. The nethod of claim1,
ur -
b P PO RLT frfer FOERGFSel i BB frame
shahroaizatiap céropgemner at e an enhanced first | evel
e RO b Bl P et aagimg e oh &y
BNAdetas 18 NRdrAPHOJuALy sBmimied ifuomet hod of claim
4, wherein estimating the phase error conprises
est i nettinmging hephpsragwrdranptheffragoendyalisaregognd yalue; and,
di scrim nat ed val and the enhapced f.irst | eyel :
fr equ@%]@’;?na%@rfirﬁ‘%ﬁ%@é%e aties! TO*PPF&L%P%@&“ \l:larf’mcﬁhSF%Hmmd
hask Ufrbher conpri sing perform ng an enhanced second
evel frequency discrimnation on the at | east one
esti mated channel tap to generate an enhanced second

evidie metbefieh@dgind] .seliarein Hza Rradsfermiecd framapenchemirgéion pattern
I e 1 Si perform ng a wei ghted

gé/@%%éagé ghpea{;flagﬁﬂgilhgﬁ&g%ti mat ed carrier frequency

of fset. 8. An apparatus for perform ng a conbi ned

garTheencthodgudmay1,0ficsah tiesdstimatddqrhasnetrdrisip@portional to an

s&?/nchr({)gi zation conprising:neans for performng a

Piateq IEereneY @fency di scrimination on at |east one

estimated channel tap to generate a frequency

4 sieidthed 6Ck1vial HeurtR@aBmmptioing §etfbiing RE cAhdHI8S Arst level
error fromthe frequency discrimnated val ue; and,

frequescy discrimination ai thy % lqsteetstastimpisd ¢hammehiap to generate an
esé%rglﬁgerdo fgrlsl,z %%éelqgeﬂgglt}ctgte dé;?r{)n%gar&;%%?eﬁnugsvgzlil’%ng% %ge a{%rf%é{s one estimated

rror ereint

pizedelttey oll baagrajetehid aadiundsf hagt ern conpri ses
a sequence of alternating signs.

5. The method of claim 4, wherein estimating the phase error comprises estimating the
phase error from the frequency discriminated value and the enhanced first level

frequency discriminated value.

6. The method of claim 4, further comprising performing an enhanced second level
frequency discrimination on the at least one estimated channel tap to generate an

enhanced second level frequency discriminated value.

7. The method of claim 1, further comprising performing a weighted average

calculation of an estimated carrier frequency offset.

8. An apparatus for performing a combined carrier frequency offset estimation and

frame synchronization comprising:



10. The apparatus of claim8, wherein the estinmated

phase error is proportional to an estimated frequency
w@e0s/0521921. The apparatus of claim 8, further PCT/US2007/082736

conprising nmeans for perform ng an enhanced first

| evel frequency discrimnati on the at |east one

estimated channel tap to generate an enhanced first

| evel mfeﬁr%%ﬁ?é‘rYorﬁﬁ 5 bRt N PRedRh e disWiBmalioh b8t [Bdst one

| east one estimated channel tap is delayed by a

pitieereedeehannad damiemasneratsfa frequencyl discritnimaiggpyaluat us of

cl ai mmlc'gfﬁs f‘é’p gsrtﬁrllar‘gint ra]lﬁ)hggeaenéorfff)orm ﬁl%tﬂe%%ﬁc@%%gcg&i ali][gg galue; and,

error conprises nean or “estimating e’phase error

f r om tdend foeaetemeifingi st doRriahRidiraad terchrddiAatién pattern from the

enhanced first |evel frequency discrimnated val ue.

assimatpbplsO et us of claim 11, further conprising

nmeans for perform ng an enhanced second | evel

br equé%?ﬁyragl's Sf Llalth @?&vh&@inotﬂe hﬁ:ﬁet@ in@@%nﬁ@?n&ﬁ{)ﬁi%foﬁ%attem

channel "tap to generate an enhhanced secon eve

torepnren e peqlicacy offalieatatdg s@hsie. 14. The appar at us of

claim8, further conprising nmeans for performng a

i-ght ed aver .calculation of an estimated carrier
117 ey pE Bl B hoy (RE pdon e itk PGt ggportionial to an
PPt HSqUeRBPENSH Ng: an antenna; a receiver coupled
to the antenna, the receiver having a circuit
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14. The apparatus of claim 8, further comprising means for performing a weighted

average calculation of an estimated carrier frequency offset.

15. A wireless communications apparatus comprising:

an antenna,

a receiver coupled to the antenna, the receiver having a circuit configured to
perform a method for performing a combined carrier frequency offset estimation and
frame synchronization, the method comprising:

performing a first level frequency discrimination on at least one
estimated channel tap to generate a frequency discriminated value;

estimating a phase error from the frequency discriminated value; and,
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value.

21. The wireless communications apparatus of claim 15, wherein the method further
comprises performing a weighted average calculation of an estimated carrier frequency

offset.

22. A computer program product, comprising:
computer-readable medium comprising:
code for causing a computer to perform a first level frequency
discrimination on at least one estimated channel tap to generate a frequency
discriminated value;
code for causing the computer to estimate a phase error from the

frequency discriminated value; and,



esti nmat ed phase error.
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code for causing the computer to determine a predetermined frame

synchronization pattern from the estimated phase error.

23. A processor, comprising:

a memory, the memory configured to cause the processor to implement a
method for performing a combined carrier frequency offset estimation and frame
synchronization, the method comprising;:

performing a first level frequency discrimination on at least one
estimated channel tap to generate a frequency discriminated value;

estimating a phase error from the frequency discriminated value; and,

determining a predetermined frame synchronization pattern from the

estimated phase error.



