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reference herein. BACKGROUND Field [0002] Certain aspects of the
present disclosure generally relate to a wreless comuni cati on and,
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net wor ks. [0005] Therefore, there is a need in the art for a nethod to

generate a Ergy®e

[0002] Certain aspects of the present disclosure generally relate to a wireless
communication and, more particularly, to a method for generating a frame structure that

is common for different transmission schemes.
Background

[0003] Millimeter wave communications represent communications using a carrier
frequency of approximately 60 GHz. A dual-mode millimeter-wave Physical Layer
(PHY) can support a singlc carrier (SC) modulation and an Orthogonal Frequency
Division Multiplexing (OFDM) modulation by employing a common mode (CM)._

transmission.

[0004) The CM is a single-carrier mode used by both SC and OFDM based devices
for beaconing, network-control signaling, and base-rate data communications. The CM
can be typically employed for interoperability between different devices and different
networks. However, a frame structure of the SC transmission mode is substantially
different from a frame structure of the OFDM transmission mode, which limits the level

of interoperability between the SC and OFDM devices and networks.

[0005] Therefore, there is a need in the art for a method to generate a frame
structure suitable for use by both SC-modulated and OFDM-modulated transmission

signals.



structure suitable for use by both SC nodul ated and OFDM nodul at ed
transm ssion signals. 2 SUMVARY [0006] Certain aspects provide a
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conprising the preanble and the data payl oad, wherein the preanble is
transmtted according to a single carrigr (SC) transm ssion schene at
a first chip rate and the data payload is transmtted according to an
OFDM transm ssi on schene at a secondUMaK¥te different fromthe
first chip rate. [0007] Certain aspects provide an apparatus for
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means for transmitting a frame comprising the preamble and the data payload, wherein
the preamble is transmitted according to a single carrier (SC) transmission scheme at a
first chip rate and the data payload is transmitted according to an Orthogonal Frequency
Division Multiplexing (OFDM) transmission scheme at a second chip rate different

from the first chip rate.

[0009] Certain aspects provide a computer-program product for wircless
communications. The computer-program product includes a computer-readable medium
comprising instructions executable to generate a preamble and a data payload, and
transmit a frame comprising the preamble and the data payload, wherein the preamble is
transmitted according to a single carrier (SC) transmission scheme at a first chip rate
and the data payload is transmitted according to an Orthogonal Frequency Division
Multiplexing (OFDM) transmission scheme at a second chip rate different from the first

chip rate.



NontCertai n aspects provide a wirel ess node. The w rel ess node
generally includes at | east one antenna, a generator configured to
generate a preanble and a data payload, and a transmtter configured
to transmWOwWIE03E at | east one antenna a frane conpr PET/HE2009@56269
preanbl e and the data payl oad, wherein the preanble is transmtted
according to a single carrier (SC) trangm ssion schene at a first
chip rate and the data payload is transmtted according to an
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ata payload, whérein the preamble was transmitted over a wireless channel according

to a single carrier (SC) transmission scheme at a first chip rate and the data payload was
transmitted according to an Orthogonal Frequency Division Multiplexing (OFDM)
transmission scheme at a second chip rate different from the first chip rate; and means

for detecting the preamble and the data payload.

(0014} Certain aspects provide a computer-program product for wireless
communications. The computer-program product includes a computer-readable medium

comprising instructions executable to receive a frame comprising a preamble and a data



i ncludes at | east one antenna, a receiver configured to receive via
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] So that the manner in which the above-recited features of the present
disclosure can be understood in detail, a more particular description, briefly summarized
above, may be had by reference to aspects, some of which are illustrated in the
appended drawings. It is to be noted, however, that the appended drawings illustrate
only certain typical aspects of this disclosure and are therefore not to be considered

limiting of its scope, for the description may admit to other equally effective aspects.

[0017] FIG. 1 illustrates an example wireless communication system, in accordance

with certain aspects of the present disclosure.

[0018] FIG. 2 illustrates various components that may be utilized in a wireless

device in accordance with certain aspects of the present disclosure.

[0019] FIG. 3 illustrates an example transmitter that may be used within a wireless

communication system in accordance with certain aspects of the present disclosure.

[0020] F1G. 4 illustrates an example receiver that may be used within a wireless

communication system in accordance with certain aspects of the present disclosure.



[0021]FIG 5 illustrates operations for generating and processing a
frame structure common for multiple transm ssion schenes in
accordance with certain aspects of the present disclosure. (0022]FlIG
5A il ust V4 3H0V/B308Hpl e conponents capabl e of perfor nmi nBCT/HB2009/056269
operations illustrated in FIG 5. [0023]FIG 6 illustrates a
mllimeter-wave frame structure for a cgrmon node (CM transm ssion
in accordance with certain aspects of the present disclosure.
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di agr am of prebanndaclofieedback shift register (LFSR) for generating a
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di f f er ent i abpeyatibat dukededsindtlG. §rane delimter (SFD) sequence in
accordance with certain aspects of the present di scl osure. [0027]FI G

10 il l ust | f le carr Lame structyre in
accgrdg?\c;amﬁfg’hageﬁ% ‘”ﬁ%tgaé%*?& Slyfrg?t%ew?)vreggaél}ﬁs Yt Eq 51 Fegomon tode

(CM) transmission in accordance with certain aspects of the present disclosure.

[0024] FIG. 7 illustrates a preamble structure of the millimeter-wave frame for the

CM transmission in accordance with certain aspects of the present disclosure.

[0025] FIG. 8 illustrates a logic block diagram of a linear feedback shift register
(LFSR) for generating a spreading sequence for the CM preamble in accordance with

certain aspects of the present disclosure.

[0026] FIG. 9 illustrates output signals of a receiver matched-filter for coherently
detected and differentially detected start frame delimiter (SFD) sequence in accordance

with certain aspects of the present disclosure.

(0027 FIG. 10 illustrates an example of a single carrier (S§C) frame structure in

accordance with certain aspects of the present disclosure.

[0028] FIG. 11 illustrates another example of a frame structure for SC transmission

scheme in accordance with certain aspects of the present disclosure.

[0029] FIG. 12 illustrates a unified frame structure supporting both SC and
Orthogonal Frequency Division Multiplexing (OFDM) transmission schemes in

accordance with certain aspects of the present disclosure.

[0030] FIG. 13 illustrates a structure of a common short header within the unified

frame in accordance with certain aspects of the present disclosure.
DETAILED DESCRIPTION

[0931] Various aspects of the disclosure are described more fully hereinafter with

reference to the accompanying drawings. This disclosure may, however, be embodied in



[0028] FIG 11 illustrates another exanple of a frame structure for SC
transm ssi on schene in accordance with certain aspects of the present
di sclosure. [0029]FIG 12 illustrates a unified frame structure
suppor ti ngvBeto8eliand Ot hogonal Frequency Divisi on MRCTUBLEXDIGRE9
(OFDM transm ssion schemes in accordance with certain aspects of the
present disclosure. [0030]FIG 13 illusgrates a structure of a conmon

short header within the unified frame in accordance with certain
aspects of PHEY piesanforas ged douldeot BEOARIED apESORI PRA@NpedinEmyture or

different f 1. S . s..Limted to an
specific st ?{Jﬂg?%’?@g%@&? Eﬂﬁrglt@g)ﬁ'\lt %&e@%@%%%%?%ﬂ%ﬁ%ﬁsﬁ (fcﬂsl e WP%@F%@OJP%F
Rat her, t hetes dspettrswilie thorovgided compleheatnd willsfully salves theacydel df tike

t hor ough and. conmpl et a i1l ful onyey the scope of the.

di scl osure ?156{9 %J(% g)tgﬁelspg](ﬁ%ht% ﬁlg' l%%?‘foﬁé‘ggﬁc%‘ﬂgst &R 8'&9(:5}1?‘?1{]?&@ H&Ei n
one skil | edshould dppreatate thixahd stopPpr BE UREIBsENRLnERRISCORR: Ay dsP&Rt of the

di scl osure i,s int eajged t% cover any aspect of the disclosure

di scl osed hePEPsHIe fieloscd herein, whatber imwlsmaisddrrisaprdeythoe! ocombinpd wéh
Wi th any ot ey oBsREsdct 6f tht Bigclghss! ! RRAS,

may be i npl E%e%t ed %;rda tm&*t h%gg’?r‘g;glsbgaglﬁaégt%?%@%ﬁg%ﬁﬁnu fgep%g
t he aspect smstodimsyths prsHesdusingrangduinbérof thetdspectscoplortb hietelne In addition,

di scl osure [s . t net hod ich is
o act | cod ulR SRR RN e AHED B ARRAY B e s BELPAPA Which b
functi onal i psaciicedadidi bitensttuetuoe, fatchealithanstreiry aid fabcioasie ¢t sldafonttbe

di sclosure set, forth, herein. It should be understood that y aspect
of “the.di scPaetidbinbeFitug sk BhTRg SR E BTt oy o B ooy &

el ement s of udegdt@idthat[280 3kdthe thiatishiosereeniRlRsd fiertif mased cABE@EDLY bhe
mean "serving as an exanple, instance, or illustration.” Any aspect
descri bed h&r&PH ongsd#sI3y " i s not necessarily to be construed as
preferred or advantageous over other aspects. [0033] The teachi ngs

herei n may {3z ncormpenatetxitnbRrk'es thed hbR 8 MRAA edrihd I 4 Qhmplc,
performed by) a varjety of wired or wreless apparatuses (e.g.,
nodes). |n d@fBcepdlustition.” iinyabressdeserihedihpisinesseiaxaseblan” oobraasresly
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termnal or a piconct controller or other type of wrel ess device.

[0033] The teachings herein may be incorporated into (e.g., implemented within or
performed by) a variety of wired or wireless apparatuses (e.g., nodes). In some aspects,
a wireless node implemented in accordance with the teachings herein may comprise an
access point or an access terminal or a piconet controller or other type of wircless

device.

[0034] An access point (AP} may comprise, be implemented as, or known as
NodeB, Radio Network Controller (“RNC™), eNodeB, Base Station Controller (“BSC”),
Basge Transceiver Station (“BTS”), Base Station (“BS”), Transceiver Function (“TF”),
Radio Router, Radio Transceiver, Basic Service Set (“BSS™), Extended Service Set

(“ESS”), Radio Base Station (“RBS”), or some other terminology.

[0035] An access terminal (“AT”) may comprise, be implemented as, or known as
an access terminal, a subscriber station, a subscriber unit, a mobile station, a remote
station, a remote terminal, a user terminal, a user agent, a user device, user equipment,
or some other terminology. In some implementations, an access terminal may comprise

a cellular telephone, a cordless telephone, a Session Initiation Protocol (“SIP”) phone, a



[ 0034] An access point ("AP') may conprise, be inplenented as, or
known as NodeB, Radio Network Controller ("RNC'), eNodeB, Base
Station Controller ("BSC'), Base Transceiver Station ("BTS'), Base
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[0038] FIG. 1 illustrates an example of a wireless communication system 100 in

which aspects of the present disclosure may be employed. The wireless communication
system 100 may be a broadband wireless communication system. The wireless
communication system 100 may provide communication for a number of cells 102, each
of which is serviced by a base station 104. A base station 104 may be a fixed station that

communicates with user terminals 106. The base station 104 may alternatively be



8 referred to as an access point, a Node B or sone other term nol ogy.
A cell 102 within the wirel ess communi cati on system 100 may be a

pi conct conprising a collection of one or nore logically associated
devi ces tﬁggz@%@éna single identifier with a conmon cB6FURHAYG269
such as, for exanple, a piconet controller. [0039]FIG 1 depicts
various user termnals 106 di spersed thgoughout the system 100. The
user termnals 106 may be flxed% , Stationary) or nobile. The
user term n& @Teﬁﬁaaﬁﬁy%ﬁwp%ﬁ o\B eresomgogier teaminglogy. A epthl® within
stations, a r

Stati ons, orSae® o Amn iRl A08 s YR BlcbR S coliBliie a PRRY G of,
be Wi r el essouewines Iomﬁh agtocigietl deviess tlpﬂtleimnw sipgle sdméfierdiigi 4 edmmon
assistants goPor n;t S al ,[tod Qa%}” ces, Wi r el { ﬁ(s? nodens, | aptop
conputers, pPersonal ¥ rer ere Pé?épcf’ﬁﬁzfﬁﬁl U'Wariety of algorithns and
met hods may be used for transm ssions in the wirel ess conmuni cation
system 100 peimeen FiGiel dapses etriatis oses tetBihalari 06 tdhgerssiahroughont thalsgstdn6.

For exanpl e, . Si nal‘s may be sent .a cel ved betwee ase .
o nt FoatPl G108 903 (R 0P et R e B R A b e porminals
t echni ques. 164 mbPhiferh@iviRSeceRed lohe rithdi@LtBSEhs CRIVH Rirsdal ORrEMELEM
100 may be referred to as_an UWB system [0041]A communi cation |ink

that facili PEedber pks FoRYS Bafions.GRALAND, 458 cQHIBMFRnete.Olheuger sermdrals 106
term nal 10@1&%&’u@t‘%leQ@cﬁ&fd’e@@ué@aﬁ%lhﬁ&%‘@ﬂ& géﬁ'bc(ngl-% h G si R @DAb?n nal

conmuni cation’ | ink that facilitates transm ssion froma user: ter
106 to a babendbeldideviaes] Baelssymerensefapiop eompweraspearonalpompliesUtty. 110.
Alternatively, a downlink 108 nay be referred to as a forward |ink or

ik or a1 eace’ ChameB okl aor el B SKE: (g Rat AL o

mul tipl e sewvtmgless ceruunicagiec syend 100 bm%nphry@mcahtlmuéﬁ axgéthamm within

a cell 102. td ons 1 0 ni c tem
To0 may ut ITI0eE DB RS Rele Lok e R ST TR G0 Bt SRS
particul ar s$etirgrthddsr afminaB 106kd actB@andSweth I&Wt@&ﬂﬁqﬂéﬁ)lf ﬁhe; ik ﬁlfeQEsl’eed
to as directional antennas 0043l FLG 2. illustrates various

conponent s 1H5AYIGSY CHBIHRIERGCRSHSPR 180 may &F efereidpias an YO8 sstem. may be
enpl oyed within the wirel ess comuni cati on system 100. The wi rel ess
device 202 [op41@an exoqphBuifation dal teefabiidtesTRY siABsi60 AbmGWasdsthtdn 104 to

| mpl ement ¢ Quser terminal 106 may be referred to as a downlink (DL) 108, and a communication
link that facilitates transmission from a user terminal 106 to a base station 104 may be
referred to as an uplink (UL) 110. Alternatively, a downlink 108 may be referred to as a
forward link or a forward channel, and an uplink 110 may be referred to as a reverse

link or a reverse channel.

[6642] A cell 102 may be divided into multiple sectors 112. A sector 112 is a
physical coverage area within a cell 102. Base stations 104 within a wireless
communication system 100 may utilize antennas that concentrate the flow of power
within a particular sector 112 of the cell 102. Such antennas may be referred to as

directional antennas.

[0043] FIG. 2 illustrates various components that may be utilized in a wireless
device 202 that may be employed within the wireless communication system 100. The

wircless device 202 is an example of a device that may be configured to implement the



9 various nethods described herein. The wirel ess device 202 may be a
base station 104 or a uscr termnal 106. [0044] The wirel ess device
202 may include a processor 204 which controls operation of the
wirel ess MEYRHYOIGU. The processor 204 may al so be ref BEFERINWSAB?a
central processing unit (CPU. Menory 206, which may include both
read-only nenory (ROM) and random accesg nenory (RAM), provides
instructions and data to the processor 204. A portion of the nenory
206 may al seerioye Mgthedndmcrsiddicioine Tha mdislesedayios 0frenay by a brdeRAtpn 10her
processor 204 typl ﬁf%“é% perfornms |ogical and arithmetic operations
based on programinstructions stored within the nenory 206. The
instructions in the nenory 206 nay be executable to inplenent the
met hods des®fddbed Abe wﬁmless[ GOUSLIh mawirrobidesspr@temc 20PeRichegnt@ls o

i ncl ude a h n t.h e atra

ool ver o1 PAR o ifhes MBVed 201 MREpBetARIOT el Blog B e BER Bana 1 1o
W rel ess dewmi ﬁﬁ&sﬁmglumt (G Mt Blehmoead060Which itaytifiuidertoti 1@4d-8d19 nehtbry
recei ver é@){ rrbl ned into a(\ transcel ver 214. An antenna 216

may be atta t”i‘)de‘i“ﬁ I BeFSTSTBeD0E (RANDepravides insfruciionssiigdata 1@ tet he

transcei ver ptdsorting. MiphRof S8 tHeYdntRy B%maﬁms@tnmdb AGA-YEI8tIE Rdomhown)
mul tiple transm tters, multiple recelvers, multiple transceivers,

and/ or nul t #G5EE BN RIYRAMIDEBY mieeeser28f dmicalippridernpdozieh gndirgbmetic

include a s ;HP@& r4pd o detect
and quanti f!ﬁﬁgngg%gﬁ&g?mggna S Crtlécm%?t%%uﬁtggl thé;mt@‘?%ﬁ;s%"g. ?/lclar 214.
The signal wetredivos in2i8mpmyrydidbecty tsuatcusibipnalimpasnettchametinds dpgcribed
ener gy per ub%arrler per symbol, power spectral density and ot her
signals. The W el ess device 202 may al so include a digital signal
processor (DSP) 220 for use in processing signals. [0047] The vari ous
conponent s 451 he Whe efireless atberi/ciedﬁz Mag amyndmletadmpémgﬂ(t&xgatdwmﬂyd@a
bus system ontrol bus,

ond oot or BT Y oD e Y BhngmiSiop Gud Wbt ok iR Dyt

i |1 ustrat estharvitkasiecedf02and b adiedtt lde@ion3PRe triaitmRy 1 Pendisesvapbihin a
wi rel ess comrunl catl on s%bhem 100 that utilizes a single-carrier

(SC), an O PHHESAANLIRFLY fé‘iﬂbﬁl‘{ﬁrg%ﬁa‘wetﬂ%%@mh{jb?@FDMdt@rth@soma

ot her transpafioons Le¢fBl AL Sy gﬁlﬂzd Rtfe eﬁnsw@ertzﬁ@ﬂﬁ{w&&éss d3cdBy be
inmplenented in the transmtter a wreless
may also include (not shown) muitlple transmltters, multiple reoewers multiple

transceivers, and/or multiple antennas.

{0046} The wireless device 202 may also include a signal detector 218 that may be
used in an effort to detect and quantify the level of signals received by the transceiver
214. The signal detector 218 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral density and other signals. The wircless device 202

may also include a digital signal processor (DSP) 220 for use in processing signals.

[0047) The various components of the wireless device 202 may be coupled together
by a bus system 222, which may include a power bus, a control signal bus, and a status

signal bus in addition to a data bus.

[0048] FIG. 3 illustrates an example of a transmitter 302 that may be used within a
wireless communication system 100 that utilizes a single-carrier (S8C), an Orthogonal
Frequency Division Multiplexing (OFDM) or some other transmission technique.

Portions of the transmitter 302 may be implemented in the transmitter 210 of a wireless



device 202. The transmitter 302 nmay be inplenented in a base station
104 for transmtting data 304 to a user termnal 106. The transmtter
302 may al so be inplenented in a user termnal 106 for transmtting
data 304 twOallkayeiist ati on 104 on an uplink 110. [0049pDawaziB9dssta be
transmtted are shown being provided as input to a mapper 306. The
mapper 306 may nap the data stream 304 gnto constellation points. The
mappi ng may be done using sone nodul ati on constellation, such as

bi nary phasée‘ém 302. Key/tiramgm{tBP3HQ mambtadmﬂemw&eqihaéﬂsesﬁmfoh 1Réyarng

(QPSK), 8 p h fit i S ag at ure tude dul ation

(et o ViRt ieghe SRR Bl (60 R HISGHRERN: boF sPSos.

which may r emslemaﬁéd A dsepgtmih#lt106 aorpfd@aﬂiﬁth@ dansEYAttd @Badenttdkion 104 on an

[ 0050] The prea I@ insertion unit 310 may be configured for inserting
@&g&& e

a preanble § at the beginning of the input synbol stream 308,
and may generate a correspondi ng data stream 312. The preanble may be

known at t hgosepcei DRita Fado BEYakienitiéd drk @bl Wingl froBdaN ifgue AeRneNper
synchroni zation, channel estinmation, equalization and channel

decodi ng. TAO-Jie prp%*ﬁ_@é ray i thy Hpaircan 304 ento consteliition B20tsAEYe t hen
be up-convegt, @m @@gﬁermlgtsaﬂa@%mdmaﬁgﬁg&g{%ﬁml&ﬁaﬂféhQxbﬁa 'aé%-shfft

frequency (RF ron end 314.” An antenn en tran
resul ting skepag (BPEX) opedrairaphast-ehi§ lwwaaﬁ@PSKI 8@5&5}3{%116 l<e§rmg (8PSK)

illustrates may be e Wi

wirel ess de\c}g@é g%%m{pﬁ ut%t']r?)d}lﬁg(g%@ ? 1(1:‘\’61Fhre| erPeY ttfH‘é?
transm ssi onyrhigd kin¢agpu0s, R(hf(ﬂllrmnﬂ'elﬂ'f‘.'sehhz&i mﬁm&nmarpréh%lmyerﬁﬁi unit 310,
i npl enented in the recei ver 212 of a wreless devi ce 202. The

recei ver 40 y b nte erm 6. for. receivjng
data 404 frﬁ'mg@ bag%le g%ﬂn?f }fm &LIQWH %lée Phigs ‘&%?9@?“15,
may al so beseqmmcemembe.dgmmngobmmp&t @&nﬁbmstﬂdﬁé sfograzfdaﬁae_,l genBgtedat a 404

froma user terminal 106 on an i nk . [ 0052] When a signal 404 is
recei ved by “HR-SEMt t%’@am%t #ﬁ]? ‘?/\ﬁaléB?l}é‘@r“f“e%ﬂkede@%é%ﬁﬂﬁ e

signal 410 QyiiRQ f&hiche Qﬂtfrcﬁlﬂg‘xﬁQ%chﬁnﬁiaﬁﬁf? cﬁ%@%qtlﬁgtiém @qﬁa‘ﬁ‘iﬁlo\ﬁ%ﬁd

signal for single-carrier data comunications typically conprises a

preanbl e f oFhasRRlglepding. dhe autp@trilﬂ@ﬁthemr@@ﬂa&q ioperiddn wihied 19 ¢rebedupp
may be used c&ﬁ/%rt&ht%rﬁrh%glfe%s&dngﬁﬁ 'ﬁ% )ag%{dtb%pﬁjxgdm %%ﬁ&én\ég I?%lﬁat%o%t S Ry

be processed an equalitzation u oyl ng ‘pre
conput ed chémnstcnesd iﬁrma}e@;em¢&smltlalre$1®@fg3s]l fati2Happesn wdkzl@ssrmnnahput an
equal i zed data stream 422 and may performthe inverse of the synbol

mappi ng ope on ty rf 306 fro Fl.G
t her eby out an i ngtEgéd a\ﬁ%tr efseag%&%gg %?18;&%1"?/;, t?ﬁfliast ROGRS, ‘%%‘}W 326
corresponds wmlesmvcmaaz 804utilivast a mgle@:mmr cednaethan puﬁsnhsmdd‘techmque.

'[SIF%B%TU}QEH 19101‘1:; & relcglvélrﬁE Er'\rgaylbré 1mp1emented in tﬁe receiver 312 ofa w1releqc;
device 202. The receiver 402 may be implemented in a user terminal 106 for receiving
data 404 from a base station 104 on a downlink 108. The receiver 402 may also be

implemented in a base station 104 for receiving data 404 from a user terminal 106 on an
uplink 110.

[0052] When a signal 404 is received by an antenna 406, it may be down-converted
to a baseband signal 410 by an RF front end 408. A frame format of the received signal
for single-carrier data communications typically comprises a preamble followed by a
data portion. A portion of the preamble 412 may be used for channel estimation by unit
416. Received data 414 may be processed by an equalization unit 420 employing

previously computed channel estimates 418.



[ 0054] The wirel ess system 100 illustrated in FIG | can represent an
ultra- wideband (UNB) systemthat may be used for mllinmeter wave
comuni cations (e.g., comunications with a carrier frequency of
about 60 ®H}10/M30dUal - nrode UWB physical |ayer (PHY) nmayCHURPOYIS6Hs
single carrier (SC) nodul ati on and an Ot hogonal Frequency Division
Mil tipl exing (OFDM nodul ation by enpl oyi ng a common node (CV
transm ssion schene. The CMis a single-carrier node used by both SC
and OFDM defip#ses f@rddnwperrﬂi%gnayrieﬂuhan kquzbnddrdata siegmal? mgl mayperform

For i nter opBFABI TNy 5oy BBl P RERal oAbl e eyt LB B8 mabe b et

Wi rel ess netserie. 3 I:Herermxou@ettmgamm@manﬁ 496 odslly abiReeta3irbam 429

| ow- power w rel ess devices, that the CM schene enpl oys a conti nuous
phase nodul éqrff‘éﬂor(j@fﬂ\f}‘ ° JrB FPHI G WS RIP‘é}H%QﬁSS@P‘EFP @F&ﬁ%ﬂmﬁﬁtz‘wzc@nst ant
envel ope. ThisudttARINGSSI on approach may ensure that power amplifiers
at a transmtter operate at a maxinumlevel of output power without
affecting a spectrum of the CPM based transm ssion signal.

[ 0056] Certain aspects of {HEMKRNMPDEFRAMESTRUSTI St net hods for

generating a frame structure that nmay be used for transm ssion of

SC- nodul at egyoaypd m@%@gy@fénﬂ@ﬂﬁﬁs&meh%m@ l%ﬁﬁ%ﬁeselﬁ afhig.rate of
an CFDMtranscelver %/ be sSet as 1.5 tinmes a single carrier (SC
/s

chip rate. Widebansd (VWBL &vsiem téﬁtsma}klﬁ-‘d%ﬁd s millisneras Warg cqramenirHionh €. Tase

of OFDM tra fent [ S set
Co 1728 Mg o flbes SR T ardeP e EREP Aptior Al ot e B Aol o
channel sepakwtdablayert(RE) tag sQFOM assarghd ¢anger (S emodulgion ahtien ORBMamhl p
rate) may be 2592 tal of 512
subcarriers EretqH%’t‘fy %QIS? E‘?‘ﬁ@q“é’ﬂﬁ%%@g&m@? ya%q%%%la s pgde
subcarri er s((MY trasn8&ah sshaige. The ChEis@Ga1MN-eridanshelugéd By, boigC bher e
may be 354 %i)é&lsta beari ng subcarriers occupyi hg approxi mately 1728
Mz that ma{ %‘gﬁé oF ReaconHig: Beam-PnRolbenaHRe, 8ed b3ssrdAidadi on node.
100571The Sghsmgmadiidigy enploy 2r / 2 -BPSK nodul ati on and may be

spread by Golay codes before transm ssion. This may provide a

guasi - constant envel ope of the transmtted SC signal. Length-128
Gol ay codes!H be é}gé“&/lwam?Wpacaﬁymp%f%naerp%@qfht;f@msndsffee@aes

may be usedfQlesSRLRAILNIRE R Releds AORBLE! Pma b%ldmava?ﬁd?, (ﬂ.@er ations

for generating and processing a franme structuré conmnon th SC
and OFDM t r aspseilisfos iovepmeeresirel @p dededsothet tBd OMezbemagmbleypesdntinmed  at

atransmtt t

per f or ned ak) Qag’e ?ﬂé)gglla@ger} {dsilﬁ\@% ¥1a¥% a‘?%ﬁ‘@ﬁorgﬁﬁaﬁ a?ﬁvbtgggﬁs %nqg‘%(’f%p mayhls

preanbl e andamsndsicn gpaydaciashayrenysutrethdtipostr g&lﬂﬁ’reast ®d tahsmitter operate at a
maximum [evel of output power without affecting a spectrum of the CPM-based

transmission signal.

[0056] Certain aspects of the present disclosure support methods for generating a
frame structure that may be used for transmission of SC-modulated and OFDM-
modulated signals. In one aspect, a chip rate of an OFDM transceiver may be set as 1.5
times a single carrier (SC) chip rate. The chip rate is also known as a sampling rate in
the case of OFDM transmission scheme. For example, if the SC chip rate is set to 1728
MHz, which corresponds to the 3 dB bandwidth of 2160 MHz channel separation, then
the OFDM sampling rate (i.e., the OFDM chip rate) may be 2592 MHz. If the OFDM
mode employs a total of 512 subcarriers, then 154 of the subcarriers may be assigned as

guard subcarriers (77 on each side of the occupied bandwidth), and there may be 354



transmtter. Follow ng that, at 520, a frame conprising the preanble
and the data payload may be transmtted over the wrel ess channel.
The preanble may be transmtted over a wireless channel according to
the SC tr @ p4i8830611 schenme at a first chip rate, and tReT@atIpasdoad
may be transmitted according to the OFDM transm ssi on schene at a
second chip rate different fromthe fir chip rate. At 530, the
frame conprising the preanble and the data payl oad may be received at
a receiver, dsthdearing submmieceicupdng appreximalelybiy 28 MMHuthtedayieseresimnd to
various effgic ) %hg $(Zhess.channer. At 540, the preanble and the
data payl oad AT HETRL ARERIN PHE recei ved frame. [00601FI G 6
illustrates a m I 1'imeter-wave frame structure 602 conprising a
preanbl e 61@oEwnpodéd Safsigbl hepatploper ABEESKimatulxoibn and sagbhspted by

Gol ay code an., header 620.and a .data pay| oad 6§30. The dat yl oad
630" wy be. LOISACIRHGE 4O PRIgn- B oY A Hsdangshepnpnl gnvelorg 41 He
codes). [ Ooﬁalas’ﬁh@edoseagmlq&kﬁ MRYGE14Y Edues mﬁpﬁ@ﬁsea%@msw@mme hg@l i on
(SYNC) sequence field 612, a start-frane delimter (SFD) field 614,

and a chann&mebstd Geley meéwuém@d(f@@gyeafhng|08d€16 The SYNC field 612
may be used at the receiver for automatic gain control (AGC),

DC-of f set reggyal , Fi¢aBindsleed b&@atzoﬁ@ﬁfr%@nefrﬁtﬁ&léﬁﬁg%c%%fnigﬁajn%n1
antenna sw t chi ng, signal -direction finding, fine

re uency
estimation &feFtuhasmEPn &yiboel( el ORRM tsmpnissieh achemgs. %ryral@enmé@dﬂoo

i ndi cate an N }ﬁ@g

field 616. ?ﬁg%&girf# Fg %%Sm'gn%hg ghgge%g or- ¢ anﬁgﬁheg{rdtﬁJ}]Fng%%g%d
fine frequemaybewnfmmted@nareﬁ:ﬁ@ﬁz]d‘érmétkﬁ\{m%@'qtﬂmnce 612 may consi st of
a repetition of ones spread by CGolay codes a' 64 and/or bl64(i.e.,

hiTt o tniuet gnt 0D SRACR AR R RGBT <c o

sequence 11 tradshittdr, Folloivlsg)metadt 29,4 ﬁan@oémmimgiﬁs pxaanﬂblaradd thielklataThe

CES field 616 al so s read us the Go code " and/ or
oot $he CR& R mBe e St Reeh S b Bt rr . Jhe SRGEDledpay B H5i<p,
a repetitiogvafa wiesi@s bhéiflel athedingasige SU tRinnBgOn ahdmt Rea HRt éhip k44, @nd

630 may be hinary or conpl ex-val ued, and may be al so spread using the
Gol ay codes theidgie pasiepd By be frameiie agcorving) g thetQRRMdragsaisyian scheme at a

structure Ogecrol?@cﬁlﬁi"d{?m@@?en{ fr?rthll:eJ fiast émp W, %‘5?@ tﬂe@a@ﬁf&nﬂ)ﬁ g@?hcf rane

702. A Col ay sequence al l ength 128 sanpl eés may
preamble and the data payload may be received at a receiver, wherein the received

frame may be corrupted due to various effects of the wireless channel. At 540, the

preamble and the data payload may be detected within the received frame.

[0060] FIG. 6 illustrates a millimeter-wave frame structure 602 comprising a

preamble 610 composed of at least one repetition of a length-128 Golay codea,,q, 2

header 620 and a data payload 630. The data payload 630 may be spread using a length-
64 Golay code pair (i.e., a,, and/orb,codes).

[0061] The preamble 610 may further comprise a synchronization (SYNC)
sequence field 612, a start-frame delimiter (SFD) field 614, and a channel-estimation
sequence (CES) field 616. The SYNC field 612 may be used at the receiver for
automatic gain control (AGC), DC-offset removal, frame detection, coarse frequency
estimation, antenna switching, signal-direction finding, fine frequency estimation and

channel estimation. The SFD field 614 may be used to indicate an end of the SYNC



spreading to obtain the preanble 610. For exanple, conplenentary

CGol ay code pairs may be generated using a delay vector D= [64 32 16
182 4] and a seed vector W=[1111-1-11]. The generated

conpl emrentVe® Q01GiH8MI1 code pairs may be expressed i n hexadeasmad/o56269
notation as follows: al28 = 30A99A0330A965FCCF5665FC30A965FC, (1) b128
= COb96AF3C69950C3FAG950CC69950C, (2) pherein the |east significant
byte is to the left and the nost significant byte is to the right.

[ 0064] The séqudriéenda 28rt whthel§ESskdld 6t dhs GES ﬁehhﬁlﬁma}éjwuecén;dr lieannel
follow n r rties:~zero nmean after being rotated by 2z- /2

al | owi nggeg(s:é;&&tf-o% FLLE AT PR e o correl ation zone (2CZ) of 32
sanpl es on each side of a main peak, a | ow side-lobe |evel of 16
sanpl es out g6 t h&hZCXNFsaqhidner 62 may thisisCof anepsipuefi oacsapicadly

ensure that a parallel Golay.matched filter can be enployed at the
recei ver fofol8E; hy atnﬁ@fﬁ’rfégﬁblcé‘?es geeratod BomthieGolay gedes @4, and by,
conpl enentary. Gol ay. ¢ S . e.used, for.s L to generate the
header 620 gﬁgg ¢ ﬁ%éﬁa gﬁgﬁfi%ﬁ %%‘g N KF&% Egﬁ%%%@éldﬂarﬁcﬂﬂpﬂée fsed

al one or inspatkccwiithithe Gl ay WSAEGHEY coded A€, RIAAM, "Phe CES ficld 61
conpl enent a?ﬁeﬁGoclcgy code p}gt%iﬁf ma;g; be ggﬁrlpce? acfte _&séli/nlgy% de gysvlgctéoPD
= [4 32 8 1nyb6hlsangeal whrdhy Gotagrodds=a’fs-and/or B'sl The LES]may be formed

from a repetition of code a’a followed by a repetition of codeb’ss . The header field

620 and the data field 630 may be binary or complex-valued, and may be also spread

using the Golay codes a‘ss and/orb’ss.

[0063] FIG. 7 illustrates a detailed structure of the frame 602 from FIG. 6, which is

labeled as the frame 702. A Golay sequence a,,, of length 128 samples may be used for

spreading to obtain the preamble 610. For example, complementary Golay code pairs

may be generated using a delay vector D = [64 32 16 1 8 2 4] and a seed
vector W = [1 P11 -1 -1 ]}. The generated complementary Golay code pairs

may be expressed in hexadecimal notation as follows:

2,5 = 30A99A0330A965FCCF5665FCI0A965FC, (1)

b g = CO596AF3C059950C3FA6950CC059950C, (2)

wherein the least significant byte is to the left and the most significant byte is to the

right.

[0064] The sequence a,,, may be selected such that to ensure the following
propertics: zero mean after being rotated by # /2 allowing casy DC-offsct cstimation,
zero correlation zone (ZCZ) of 32 samples on each side of a main peak, a low side-lobe
level of 16 samples outside the ZCZ. Furthermore, the Golay sequence a,,, may ensure

that a parallel Golay matched filter can be employed at the receiver for detecting the

preambie.



am = 8822BB 1 1782D4BIE, (3) = 77DDBB1187D24BI E. (4) 100661The pair of
conpl ementary Gol ay sequences given by equations (3)-(4) may provide
a low level of cross-correlation with the preanble, a | ow side-I|obe

| evel of &v@kmo/s¥wsl es for any data sequence (e.g., | fPERUBWHIVOSEEO
followed by amor - amor bmor -, and if 1:64 code is foll owed by am
or -a54 or bmor - bm, and a parallel Golay matched filter may be
efficiently enployed at the receiver for detecting the preanble and

t he data papb@ad. T0eENLThrblowspéspetty 6blay kedgpmeydrtusdl orhmsadmmg, tot he

spreadi ng sequenc be. ch ed rando Qr, re . .precise

pseudo- r and%%e%te tﬁ? g%%ﬁﬁgzoc@ggget Cgat%%aﬁo@glﬁéq '@SrGog%%aﬁ?ﬂgéﬁ el e’%‘?ﬁﬁi

f eedback shif eqi ster., (LF be l.pved. su as. t 0] .
1 ustr at edvpe bR Vi fly R ol 2R BT oo B R 689 G paie
mul ti pl exer bSneBAMAls nmkhe,seguence e
sel ected folrngig? gc}& ng osr}ggd %ﬁiﬁgﬁt i t[ao?’za%sge v%@%@?g{eﬁgherw se,
t he sequencecoldrm/ms{ylbelsql qctlecj];for spreadi ng of the current bit of
the seed vector. This random zation approach nmay whiten the spectrum
of a transm ssion signal and renove all spectral lines. The

randomni zation may al so i nprove aghadRZIBRING8UKP4RIEat t he receiver (3)
because a sum of matched filter outputs fromamand b 64 sequences,
when conbi ned, nmay provide the ideal Dirac signal characteristics
(i.e. no side-lobes are presente =f@@@§ﬁlﬁg'ﬂﬂgﬁ3&§pect of the preéent
di scl osure, the SFD sequence within the preanble nay be generated

froma seed {0\‘(? tor The pair of complementary Golay sequences given by equations (3)-(4) may

provide a low level of cross-correlation with the preamble, a low side-lobe level of eight
samples for any data sequence (e.g., if a,, code is followed by a,, or -a, or b, or

-by,, and if by, code is followed by a,, or -a,, or b,, or -b,), and a parallel Golay

matched filter may be efficiently employed at the receiver for detecting the preamble

and the data payload.

[6067) In one aspect of the present disclosure, the spreading sequence may be

changed randomly (or, more precisely, pseudo-randomly) from a . code tob, code. For

example, a linear feedback shift register (LFSR) may be employed, such as the one
illustrated in FIG. 8. If a value at a selection input 820 of a multiplexer 810 is equal to

zero, then the sequence a,, may be selected for spreading of a current bit of a seed
vector. Otherwise, the sequence b, may be selected for spreading of the current bit of

the seed vector. This randomization approach may whiten the spectrum of a
transmission signal and remove all spectral lines. The randomization may also improve

channel tracking at the receiver because a sum of matched filter outputs froma,,
and b, sequences, when combined, may provide the ideal Dirac signal characteristics

(i.e. no side-lobes are present).

[0068] In one aspect of the present disclosure, the SFD sequence within the
preamble may be generated from a seed vector

W=[-1 -1 -1 1 =1 1 =1 -1 -1] spread with the Golay code a,,, from

equation (1). Therefore, the SFD sequence [=@,, =8y =10 Ao =g Apog = yag



W=[-1-1-121-1211-1-1-1] spread with the CGolay code al28 from
equation (1). Therefore, the SFD sequence [--al28 -al28 ars -al28 a"g
-al28 15 al28 'and may be obtained. This SFD sequence nay be

det ect ed Aa¥O24&/03060ei ver either coherently or differenPCaUB3009/056269
Mat ched-filter (MF) outputs for the coherently detected SFD and the
differentially detected (DD) SFD are iljsustrated in FIG 9. 100691l n
aspect of the present disclosure, the header and data payl oad may be
encoded usi Rg,a-aat]eay/b2 obhwmeDeRiss SFD Baquichoe mitydekde(ecioP@) the esbeser thber
aspects of the present disclosure su&gort encodi ng of the header and

dat a payl oagehsesey coditistsntalby Matchediiliar G Broubtsdor ﬁhé@@h@mnﬂyﬁE@ted
des. 1007 g ' i Wethigh t
coces @ﬁﬁ%ﬁ? ﬁ@%ﬁ&bntﬁngr 'd%&téc?{bﬁ)gﬁa}?tf Q‘%?“‘%OQF% ifErGon the

preanble may utilize a co enent ary codes of length
256 sanples or of length 128 sanples. A delay vector D = [128 64 32 8
2 16 1 4] al@0% seduaspeeitodhe\reseftylistlopurt, the hader akd detaypaploadmpy byed to
Joer e NEndoBld R RONP LSRR paARY BHeGALBPCT Lode8 WHLE 85%1s of the
05@9%00555&@@%%%@@@%@ 63dMAIG BBARCIEBERDSLI2ATEACAGIMO ofh)

and Forward Error Correction (FEC) codes.

[6070] The channel estimation sequence (CES) within the preamble may utilize a
complementary pair of Golay codes of length 256 samples or of length 128 samples. A
delay vector D=[128 64 32 8 2 16 1 4] and a seed vector

W:[l 1111 -11 1] may be employed to generate the following

complementary Golay codes of length 256 samples:

Ay =
05C99C5005369CAF05C99C50FAC96350FA3663AFFAC9635005C99C50FAC26350
, (5)

and

bass =

F5396CAOQF5C66C5FF5396CAOQA3993A00AC6935FOA3993A0F5396CA00A39
93A0. (6)

[0071] The pair of complementary Golay codes given by equations (5)-(6) may
provide a low level of cross-correlation with the preamble sequence, a low side-lobe
level of 16 samples, zero correlation zone (ZCZ) of 64 samples on each side of a main
peak, and may be efficiently processed with the parallel Golay matched filter such that a
common matched filter can be configured for processing the CES, the whole preamble,

and the payload.
SINGLE CARRIER FRAME STRUCTURE

[0072] The single-carrier (SC) frame structure may be similar to the CM frame

structure illustrated in FIGS. 6 and 7. However, an SC preamble may be shorter



b 256 = F5396CACF5C66C5FF5396CACOA3993A00AC6935F0A3993A0F5396CA00A39
93A0. (6) [0071] The pair of conplenmentary CGol ay codes given by
equations (5)-(6) may provide a |ow |l evel of cross-correlation with

t he preantive:&égistice, a | ow si de-l obe | evel of 16 sanpCeIs2002636269
correlation zone (ZCz) of 64 sanples on each side of a main peak, and
may be efficiently processed with the allel Golay matched filter
such that a common matched filter can be configured for processing
the CES, theomprsédtopr@dmintaeblaiitic Sﬁ@rq:m}kil@mdy sIBPpdGHED W%E&dﬁ%ﬂ/E a

STRUCTURE [ 0072] Th i ngl.e-carrier [ cture m
simlar to[ figdit l%ec 5 nﬂ%ﬁ? i auﬁlhgrt Sgﬁcl%f Q?gefohmyﬁc méc%%ag Focdium,
However, anaSfshorgadiaibeesfiy Hean Shonhder ofﬂréae@;qaﬁsadfeﬂ)léﬁeque@% RLEBNBN €.

The SC preanbl e may support two preanble nodes, i.e., a nmediuntsized
preanbl e anty aqshion {1 svithircthp S¥xthfidd, WDilfif émél’r?@eleﬁgh va evelilae frgthe Aexebarm
and short pr anbl es be in the nunb etltlons of Col ay
sequence al2 reB?tU@ﬁs ggéé%lahé?qiuﬁ‘ﬁ’ef i‘)aﬁ \?\P‘ﬂhm ﬁf’ﬁbé)qg S{DEPHO i t hi n t he
SFD | ength, _as he numb et|

sequences a b6 anhi 8fyb %al}d %%‘&ﬂ?&ﬁ%ﬁém ?%l)" ionsy( )(@SB,W%I“E‘ goﬁrg%/q feddy |
all8 and b128 sequences fromequations (1)-(2)) within the CES field.
[0073] I'n orggssto Qﬁbﬂd@["i% a@ﬁg{ré&r&(ﬁﬂ&l ahd Hﬁh(ﬂl@{a%tééita%ﬁrst ?EI'LRHJF[‘?{A‘[ ybhe o

structure nmay be enployed for data transm ssions. 10|
an exanpl e &mplayerlios dgta sensopissimms sitlGude ilhustratatan eS@IﬂPhﬂ@)ﬁreb(mstyeSC framelat a

acket) 100 bg,.f o] Z L \ar. ror
Correct i on (PEAKe casS G RmERE  1aa fhirely 1009589 BF o 48650 Gil-Blaspms,
Jr /2 - QPSKFomydhud BtroioBsrechbnt (eFrECt)hadiq artdheaynedudppt ¢ thtdather pa@kBPSH 02
may be

z /2-QPSK modulations. After that, the modulated data packet 1002 may be
partitioned into a plurality of data bursts 1010, as illustrated in FIG. 10. The data burst
1010 may comprise a data portion 1014 preceded by a known Golay sequence 1012
(i.c., a Pilot Word (PW)) of length 64 samples or 16 samples. The burst length may be

fixed in both cascs to 256 samples.

[0074] The length-64 PW may be used for severe multipath environments (i.e.,
environments with a large number of channel paths), whereas the length-16 PW may be
used for quasi-line-of-sight environments with few channel paths. A header portion of a
sequence 1020 may employ PWs of length 64 samples for all types of signaling. On the
other hand, a data portion of the sequence 1020 may employ a PW of length 64 or 16
samples, and the length of the PW may be signaled within the header portion of the
sequence 1020 using a one-bit PW_Flag. For example, if the PW_Flag is equal to 0,
then the length of the PW is 64 samples, and if the PW_Flag is equal to 1, then the
length of the PW is16 samplcs.

[0075) For the PW length of 64 samples, the Golay sequences a,, and b, used for

spreading of data samples may be also directly used as the PW. On the other hand, the
length-16 PWs may employ the following Golay complementary code pairs with the

ZCZ of four samples, and the side-lobe level of four samples: a,, = 2D11,
b, = 7844 obtained using a delay vector D=[4 8 2 1] and a seed

vector W = [1 -1 1 1]. In one aspect of the present disclosure, only a pilot word of a



partitioned into a plurality of data bursts 1010, as illustrated in
FIG 10. The data burst 1010 may conprise a data portion 1014
preceded by a known CGol ay sequence 1012 (i.e., a Pilot Word (PW) of
| engt h 64 wappbexwéor 16 sanpl es. The burst |ength may peTfus200st036869
both cases to 256 sanples. [00741The Iength 64 PWnmay be used for
severe multipath environnents (i.e., ronnments with a | arge nunber
of channel paths), whereas the Iength 1 PW nmay be used for

quasi - | i ne- Golayitget(apfivi Golayresdes ay éiha f emachannelIn padthe.asfche@per
portion of a sequence 1020 nmay enploy PW of length 64 sanples for
all types ofresingratliosye, t®1dattmﬂaymaﬁ@nayﬁumdrﬁﬁandhm@ gebibldchbn Bybn-niwmbered

angth of ARy LEY R el SR e ok B PRt A ity

sequence 1025@Jetﬁbs)imgesa one- b|t PW Fl ag. For exarrpl e, if the PWFlag is
equal to O, then the length of the PWis 64 sanples, and if the
PWFlag is | tg 1, then f the PWisl6 | es.

00751 Bor "t A | dndts B eh e ais e Brutapny LEatibatdi gio. 1.
spr eadi ng ofhedaﬁm@aﬁﬁhmel mﬂo@ﬁ:e@bﬁﬁs@g GemylcydsssﬂedncaSa tfevEubOn the
ot her hand, the | engt yerrplggthefollovm Gol a

conpl enent aP&pc%%ﬂféiagaWP%e @F‘l\é\fi cpdse bz off magbe u S“hﬁ’@%ﬁ@f data. A
si de-lobe | gyeh Qb {1@g" Waﬁﬁmn@dlﬁto JafdPubsts, 1 pl:bﬁmd lY%ih? ?&’-@{1@61}

using a delay vector D = 11 and a seed vect .
| n one aspebtaygpmpiise qﬁa@smordi Id¢ Ippadas! byorliglantype [ajtcodﬂ)kld%etndahe 17

Gol ay type &91)% {120% %gl@c ised 04ies por? ign, ?1(’12a B8 ed b&ola %@g (}(} CP?? ? ﬂed

aspect of t résen osure t'a pay
into sub- bI@mk&HuEubn%ﬁﬂnﬁered sub- bl ocks may use Gblay type (a)
codes and odd- nunbered sub-bl ocks may use Golay type (b) codes.
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Gol ay codes seﬁecallod of speddit sey@ncSUPorkaaks, ik fidATASRWhipueisGpthay tizodes
b and - sed for odd_sub-blocks of data. A data packet 1102
may be part aé’r?@ P rivey RSy Eﬂaﬁgrﬁgdlaameaﬁafeffé’erbbrhé%ﬁ@ﬁ if {herleystray

conprise a dagR oﬂgﬁﬂ isQ nth@ﬂ-% CWI&%P&)‘&@d a%aﬁbé—@s’e@%rk%ﬁ@dxﬁ@? Gg%ﬁgﬁte]tﬂél-z

and the burst 112 nprise ‘a data portion 1124 pretcede
Gol ay type élﬂ)rble@i‘dbl@lfizl se@@dlﬂFSB-smtmrt s, then BleGequehce b may be used for

spreading to generate a sub-block 1134, and if the second LFSR output is 1 then the
sequence -b may be used for spreading to generate the sub-block 1134, and so on. This
particular randomization may whiten a spectrum of the transmission signal and may
remove spectral lines. The randomization may also improve timing, frequency and
channel tracking at the receiver because a sum of matched-filter outputs from

sequencesag, andb,, when combined, may provide the ideal Dirac impulse response.

OFDM FRAME STRUCTURE

[0078] An OFDM preamble may employ the same Golay delay vector

D=[64 32 8 2 16 1 4] utilized for generating the preamble in the SC
transmission scheme in order to reuse the same hardware resources. In one aspect of the
present disclosure, this particular delay vector may be employed along with a seed
vector W = [—I -1 -1 1 -1 j 1] to generate the following length-128 preamble

sequences for OFDM transmission scheme:



[00771An LFSR simlar to the one illustrated in FIG 8 nay be

enpl oyed for selection of spreading sequences. For exanple, if a
first LFSR output is O, then the Golay code a may be used for

spreadi ngwo2gendsHt e a sub-bl ock 1132, and if the firsCTAUEBR/@RatgouUL
is |, then the Golay code - a may be used for spreading to generate
the sub-block 1132. If a second LFSR oufgput is 0, then the sequence b
may be used for spreading to generate a sub-block 1134, and if the
second LFSR out put i sag, t=h8163CHEASERBERAS063GVFmBPobesassed for ()
spreading to generate the sub-block 1134, and so on. This particul ar
random zation may whiten a spectrumof the transm ssion signal and
may renove spectral |#nesF 3pUREOAC ARSI DRRAIH03HE | nprove ti{#)ng,
frequency and channel tracking at the receiver because a sum of

mat ched-filter outputs from equences a64 and b64, when conbi ned, may
provi de t he"PHEArDIT & BHA %él?aﬁeéiﬂi‘ﬁ%‘%? NSt FSF?AI‘%'E"%W@%RE*@ Ay

[ 00781An G:DIVI r eanbl Z §€§ rrg y.the sp?me ol a%del ay_vecto E 64
32 8 2 16 154 BiE) Tincs dof peng 4 54 RPIRSRIEE e 3ion =t &2 ) 1
transm ssio r I n
one. aspoct oFC ERa et b8 pRefeIk e PO R RANARIRLE EANIGES,

may be enpl syedinghroegf W9EZIMHZ Sieed . Seotor saWptinghate df thd ST trafisnpissign t 0
generate thehfol owi ng | engt h-128 preanbl e sequences for OFDM

transni ssi of Sciveme: 18 alt128 =

5063CI9FAAF6336FA5063COFA509CCI05, (7) all28 =

FAC9635005Ca9115 0 FACHE BFDRABGEGIAE B ahesieeraRldBatichs @7)L@RmapBEt Of
the ars sequence, and all28 is an imaginary part of the a8, 8
sequence, s Benseatedie heegfhe ﬁdb“aﬂmopwia sunpleexors bofbi esat par indemagiadiz8
=am's |’ [ esent d| I osu

transm ssi o%a& 5}10%3 %g%? Set ésg%gg?mlzf:rﬁgc orE Ol}ﬁonﬁgégh\ﬁ%@g:(sf‘mgles 1.5

times a sanplchnglenét eadf petah,ea I5@ sidednbaicsd o m6 saeeutsidedBy 90 The OFDM

CGol ay sequence al28 given by equations (7)-(8) may he
y d Eurthermore t% OFDM oiegr sequence a,(ﬁs r)na:,g a[)low th)é efﬁment use of a parallel

Golay matched filtering at a receiver, as well as a low peak-to-average power ratio after

filtering (i.e., less than 3 dB).

[06080] A channel estimation sequence (CES) within the OFDM preamble may use
compatible complementary Golay codes of length 512 samples. For example, a delay
vector D=[256 128 64 32 8 2 16 1 4] and aseed vector

W= [—1 -j -1 j 311 —j j] may be used to produce the following

complementary complex Golay codes:

R512

FF69990FA533C355009666FOA533C3555A333C55FF9699F05A333C550069660FFF
69990FAS533C355009666F0AS33C355A5CCC3AAN069660FASCCC3IAAFFI699FQ,

9)

A5 =
SA333C55FF9699FQOASCCC3AAFFO699F0009666F05ACC3CAANIS666FOAS33C3

555A333C55FF9699FOASCCC3AAFF9699FOFF69990FA533C355FF69990F5ACC3
CAA, (10)



generated to have the follow ng properties: zero mean on both real
part and imaginary part allow ng easy DC offset estinmation, zero
correlation zone (ZCZ) of 32 sanples on each side of a main peak, a
| ow si de- VWD@01I0e611 of 16 sanpl es outside the ZCZ. Fur PHEUSEOR)S6LdGe
OFDM Gol ay sequence al28 may allow the efficient use of a parallel
CGolay matched filtering at a receiver, gs well as a | ow
peak-to-average power ratio after filtering (i.e., less than 3 dB).
[ 0080] A chamnel =esti mati on sequence (CES) within the OFDM preanbl e

may use compati bl e co%{éfmnt arb/ Gol ay codes of Iength 512 sanpl es.
For exanpl e OFR9GHBTFAYCIBASEP0GI080758583 4 PBAECEASBDO6HBAMIA GHAICASEISEROF

vector Wer 1 eojroodrrb 30383 ASF066960055C333A5553C335AF00996FF553C335A0F666900,
(11)

b=

AAC3CCAS50F666900553C335A0F666900F0669600AA3CCCSAF066960055C333A
5AAC3CCAS0F666900553C335A0F6669000F9969FFS5C333A50F9969FFAA3CCC
SA. (12)

[0081] The complex Golay codes given by cquations (9)-(10) and (11)-(12) may
have the following properties: a low level of cross-correlation with the preamble
sequence, a low side-lobe level of 36 samples, a ZCZ of 128 samples on each side of a
main peak, and may allow for efficient parallel Golay matched filtering at the receiver,
wherein a single matched filter may be configured for detecting the CES and the
remaining part of the preamble. Furthermore, both complex Golay codes given by
equations (9)-(10) and equations (11)-(12) may be compatible with the preamble, i.e.,
the delay vector of the preamble may be included in the delay vector of the CES. In one
aspect of the present disclosure, a single configurable parallel matched filter may be
used for detecting all sequences within the preamble for both SC and OFDM

transmission schemes.

[0082] For the OFDM transmission, preamble sequences may have a length of 256
samples and a compatible set of CES sequences of length 512 samples may be used.
The following complex preamble sequence of length 256 samples may be generated

using a delay vector D=[128 64 32 8 2 16 1 4]andaseed
vector‘W:[I i1 ) -1t1 j j]:

Apose™
66F00096660F00693C555A33C355A533990FFF6999F0OFF963C555A33C355A533,
(13)



-j jJ] may be used to produce the following conplenentary conplex
Gol ay codes: aRso=
FF69990FA533C355009666F0A533C3555A333C55FF9699F05A333C55006966 OFFF
69990FA533CEBFBOOW6B6FOAS533C355A5CCC3AA0069660FA5CCC3AARER6SDFD)56169)
al512 = 5A333C55FF9699F0A5CCC3AALIF9699F0009666F05ACC3 CAAD09666F0A533
C3 555A333C55FF9699F0A5 CCC3AAFFI699F0FR(I990FAS533C355FF69990F5ACC3
CAA, (10) 19 bR512 -
OF9969FF55C333A5F066960055C333A5AAC3CCASOF666900AAC3CCASF09996F

FOF9969FF55C333A5F066960055C333A5553C335AF09996FF553C335A0F666900),
(11) bl1512 S3AAASCCC3I55A53366F0009699FOFFI63C555A333CAASACCE6F0009699FOFF

96, (14)

while the compatible set of length-512 complex CES sequences gencrated using a delay

vector D=[256 128 64 32 8 2 16 1 4] and a seed vector
W=l -j 1 j j11 —j jmaybe:

Apsp =
FF69990FAS533C355FF69990FSACC3CAASA333C55FF9699FOASCCC3IAAFFS699

FO009666F05ACC3CAA009666FOAS533C3555A333C55FF9699F0ASCCCIAAFFIG
99FO, (15)

Q550
SA333C55FF9699F05A333C550069660F009666F05ACC3CAAFF69990F5ACC3CA

AASCCC3AA0069660FASCCC3AAFFO699F0009666F05ACC3ICAAFF69990FSACC
3CAA, (16)

bysn=

OF9969FF55C333A50F969FFAA3CCCSAAAC3CCASOF666900553C335A0F6669
00F0669600AA3CCCSAF066960055C333A5AAC3CCAS0F666900553C335A0F666
900, a7n

b=
AAC3CCASQF666900AAC3CCASF09996FFF0669600AA3CCCS5AQF9969FFAAICC

C5A553C335AF09996FF553C335A0F666900F0669600AA3CCC5AOFI969FFAA3C
CC3A. (18)

UNIFIED FRAME STRUCTURE

[0083] The common mode (CM) transmission scheme enables coexistence between
different modes, such as a single carrier (SC) mode and a High Speed Interface (HSI)
OFDM mode. However, a wireless system may be further configured to operate in a
Carrier Sense Multiple Access with Collision Avoidance (CSMA/CA) mode, which is
the mode employed in the Institute of Electrical and Electronics Engineers (IEEE)



AAC3CCA50F666900553C335A0F666900F0669600AA3CCC5AF066960055C333A
5AAC3CCA50F666900553C335A0F6669000F9969FF55C333A50F9969FFAA3CCC 5A.
(12) 10081i The conpl ex Gol ay codes given by equations (9)-(10) and
(11)-(12) wagoiazoeitt he fol | owi ng properties: a | ow | eveCT@k2009/056269
cross-correlation with the preanbl e sequence, a | ow side-Iobe |evel
of 36 sanples, a ZCZ of 128 sanples on gach side of a main peak, and
may allow for efficient parallel Golay natched filtering at the
recei ver, whel el prowegl niglzge Gradrdthednd Hs$es$mm9C®ﬁ).@onﬂbkcgﬂmedbv’iaannay be

detecting t and t ar t reanbl e.
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elay vector o e included in the delay vector o

t he >(/:ES L’bcﬁ’@ %% g&‘gF i&%& &ﬁ%"e%@?ﬁ‘“‘ﬁ’%@ﬁﬁ@%@édmg ‘glﬁlﬁ’ﬁluéuse for a

configurabl SpcRlcReti6d ofhehed filter may be used for detecting all

sequences wWithin the preanble for both SC and OFDM transm ssi on
schenmes. [0082] For the OFDM._transm ssion, preanble sequences may have

a length of [9%§ sakppisr igeriliekongatiobng Gutenypn dgesss Berins{€4P) part of a
l ength 512 mkﬁﬁeﬁwe@mm@ms 7 Bﬁecfffehm%ﬂglf%@@%@%orﬂ{aﬁ iBustrated

sequence of l'ength 256 sanples may be genérated using a delay vector
D = [ 128 6413 12 mpg be edploged leemdte VEEE 802. . X sper-frathe Jmaylzompﬁsq' dt:
aR256

Cannns e TR0 G498 RO S eaaa 3 o B g drpagmied

96, (14) whi bﬁng the Seland, bilsic stet fraofe 1280 gtdy- lﬁbﬂhﬁom{éﬁaﬁESr SR QRDNMes

generat ed uging 4 delay vprbor, B.<, 250 126 04 32,8,2 16 1 4] and 2
number of repetitions of sequences in each field including the SFD field may vary. The

preamble 1212 may be transmitted at the SC chip rate of, for example, F =1728 MHz.

[0085] A common short header 1214 may be employed in order to allow the
subscriber device to determine for how long the transmission medium is busy. The
common short header 1214 may be transmitted at the SC chip rate, and may comprise
the following ficlds illustrated in FIG. 13: a frame length field 1302, a Modulation and
Coding Scheme (MCS) field 1304, an SC/OFDM bit 1306 indicating if the SC or the
OFDM transmission scheme is employed for transmission of the frame 1210, a
Reserved (RES) field 1308, and a Cyclic Redundancy Check (CRC) field 1310, The

frame length specified within the frame length field 1302 may be given in octets.

[0086] Value of the MCS field 1304 and information about the frame length may
enable the subscriber device to compute the frame duration. Alternatively, the common
short header 1214 may contain the frame duration in some units, such as, for example,
in milliseconds. The SC transmission mode may employ various MCSs. Depending on
which MCS is utilized, different data rates may be achieved, such as, for example, 350
Mbps, 700 Mbps, 1.5 Gbps, and 3 Gbps.

[0087] The common short header 1214 may be transmitted in two bursts following a
Forward Error Correction (FEC) encoding, such as a Low Density Parity Check (LDPC)
encoding. A shortened LDPC code may be generated from a rate-1/2 LDPC code, as

illustrated in FIG. 13. A first step may provide for appending 288 zeros to 48 bits of the



aR512- FF69990FA533C355FF69990F5ACC3CAASA333C55FF9699F0A5CCC3AAFFI699
F0009666F05ACC3CAA009666F0A533C3555A333C55FF9699F0A5CCC3AAFF96

99F0, (15) al512 -

5A333C55FMeB U FOBAB33C550069660F009666F05ACC3 CAAFF69990EHBEEBMIA6269
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transni ssi oh’sWkdie et dprelot BseriFsY dAbbvhich wushe diorGemernde fedenl 2 such
as a single_carrier (SO)..no n i gh. Speed Lnte ce.(HSl DM
mode. " Hoaeyeiningh Stk TSIl So B B FEve R DunlgR b ssoubiat o
in a CarriegoSense PMul 31ispliacHRELES thwiddlyCobit ST AR 2AYRIIRANESick ERMOH CA)
node, which is the node enployed in the Institute of Electrical and

El ectroni cslB#yi neers (I EEE) 21 802.11 protocol using a C ear
Channel Assessnment (CCA). A subscriber device nay be able to

determ ne er ransm ssi di ymis busy b tecting a

pr eanbl e a\rll\@(a%@ det &rm T dél%?c?g%‘?g’ed %P%ﬁﬁ{déﬂéw&ﬁ}&eﬁfg o%lflgfl}‘?e
franme. Oncecdriw@oss sHesidrchdier 2 derag ellden oxischidpefrdrh @S d @ngids toithe ®@FbM be
al so known that the be in use for a specific period of
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Peri od ( CAPjheakte 120 fi.cS YREKeafidrane tﬂe%aﬁa@ﬁrﬂcﬁﬁ%a?@g tramsnatted either in tge
specification, a unified frame format 1210 illuStrated in FG 1 may

be enpl oyedSCuprsedr i thh OFDBEmoge psinsthg cemgsppndingehép rakyy conpri se at

| east one unified frame 1210. A preanble 1212 of the frame 1210 nay
be 1 ansii t gl uS! Mo Vit SCrSBIRITBE mMtbliCakbimdBIE 1230 TRh
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F = 1728 MHaut not limited to a circuit, an application specific integrate circuit (ASIC), or processor.

Generally, where there are operations illustrated in Figures, those operations may have
corresponding counterpart means-plus-function components with similar numbering.
For example, blocks 510-540 illustrated in FIG. 5 correspond to circuit blocks 510A-
540A illustrated in FIG. 5A.

[0090] As used herein, the term “determining” encompasses a wide variety of
actions. For example, “determining” may include calculating, computing, processing,
deriving, investigating, looking up (e.g., looking up in a table, a database or another data
structure), ascertaining and the like. Also, “determining” may include receiving (c.g.,
receiving information), accessing (e.g., accessing data in a memory) and the like. Also,

“determining” may include resolving, selecting, choosing, establishing and the like.

[0091] The various operations of methods described above may be performed by
any suitable means capable of performing the operations, such as various hardware
and/or software component(s), circuits, and/or module(s). Generally, any operations
illustrated in the Figures may be performed by corresponding functional means capable

of performing the operations.



[ 0085] A common short header 1214 nay be enployed in order to allow

t he subscriber device to determne for how | ong the transm ssion

medi umis busy. The comon short header 1214 nay be transmtted at

t he SC chiwo e@pe3oseind may conprise the foll owi ng fi el dgcrivbrsy/esatead
in FIG 13: a frame length field 1302, a Mdul ati on and Codi ng Schene
(MCS) field 1304, an SC/OFDM bit 1306 ipdicating if the SC or the
OFDM transm ssion schene is enployed for transm ssion of the frane
1210, a Res#owgd (FEES)rarﬁdleIiIdhsﬂrSIﬁ)& loginad bbc@gmiddnleRemadmheyesﬁiﬁmkn

CRC) field 1310. T f W th
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zeros to 48chbiSatin dfﬁ@)SP%d%hﬂFciophﬁ:@@@f kﬂﬁé‘htyﬁf SREECSI0RN 0B
provi de for encoding the short header 1214 using a ratc 1/2 LDPC(672,

336) code. MOFEFIGRRERFIITIY CONENIBE vHlradaSP eorp B any PlEr Wokeonhgyrapen.
shortened to LDPC(384, 48) code. A third step may provide for

transmttingeée fimhsbiedder Hhdifod & angurlﬁHeb%b@d alceﬁne(:hmﬁwnh fhe Y&&%M
whi ch may be the ol a¥ code am and a  common header portion f
B
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1318 whi ch
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in the e e correspondi ng .chip rate [ 0089] The

var i ous opgﬁm Bﬁg Ooﬁgrthe‘g ﬁ‘b%’éarﬁg?éi‘l?lﬁ'@é[ QBB hijelHBSERTIoBy Graprngy
instructions, and may be distributed over several different code segments, among
different programs, and across multiple storage media. A storage medium may be
coupled to a processor such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be

integral to the processor.

[0094] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the claims. In other words, unless
a specific order of steps or actions is specified, the order and/or use of specific steps

and/or actions may be modified without departing from the scope of the claims.

[0095] The functions described may be implemented in hardware, software,
firmware or any combination thereof. If implemented in software, the functions may be
stored as one or more instructions on a computer-readable medium. A storage media

may be any available media that can be accessed by a computer. By way of example,



any suitable neans capable of perform ng the correspondi ng functions.
The neans may include various hardware and/ or software conponent(s)
and/ or nodul e(s), including, but not limted to a circuit, an

appl i cati ¥O&pPe030611c i ntegrate circuit (ASIC), or processms2009/036269
Generally, where there are operations illustrated in Figures, those
operations may have correspondi ng countgfpart means-plus-function
components with simlar numbering. For exanple, blocks 510-540
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such as various hardware and/ or software conponent(s), circuits,
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Fi gures may |on means_capabl e of
perform ng % rRﬂ tR ethﬁ%b g%gﬁ%%ﬂed%g%{/%’?l du's °t %Idco fer\‘? gfdgbl cal
bl ocks, rmdptodsctamu;f com:pusn 4 ondess rtddelle nrdheninedig indnsiidh stdiel @pr@sent
di scl osure may .be i npl epented or perforned with a general purpose
processor, 8“%9@‘6?159%%& %ﬁéﬂmﬁ?t&’@ég%g CTsRBYLe bé{ﬁn%B%PP'@ePF?CG °§§pt8m fic
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(FPGA) or other progranmable | ogic device (PLD), di scretpe gate or
transi stor PEgRY mayiRdpdsreckgnam¥@idonponent s or any conbi nation

t hereof designed to performthe functions described herein. A general
pur pose progassor RBRFwh@ o if¥GstRRS REEARO6e tr@x%trmﬁéﬂ d/3fa BhisRIARN Ve,

t he processor may be any commercially avail abl e processor,
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[0099] It 1s to be understood that the claims are not limited to the precise

configuration and components illustrated above. Various modifications, changes and



firmvare or any conbination thereof If inplemented in software, the
functions nmay be stored as one or nore instructions on a
conput er -readabl e nedium A storage nedia may be any avail abl e nedi a
t hat can BEO3eI88E$Ed by a conputer. By way of exanpl e, PC2ASZMM0I6210
limtation, such conmputer-readable nedia can conprise RAM ROM
EEPROM CD-ROM or other optical disk stpyage, magnetic disk storage
or other magnetic storage devices, or any other nediumthat can be
used to car v§riasionsmay be thedd indkk preogement.cpdatipmandyetdils ofithofmethods and

instruction tructures and that .can be accessed. by a
conput er . DE%[%[{%{%Z}C ?r§3§ d gg%vctﬁslél uﬂ%lp aifine F0m the SRopg 8%55@1%;‘/ sc (CD),

| aser disc, optical disc, digital versatile disc (DVD), floppy disk,
and Blu-ray(r) disc where disks usually reproduce data magnetically,
whil e discs reproduce data optically with |asers. [0096] Thus, certain
aspects may conprise a conputer program product for perform ng the
operations presented herein. For exanple, such a conputer program
product may conprise a conputer readabl e nmedi um having instructions
stored (and/or encoded) thereon, the instructions being executabl e by
one or nore processors to performthe operations described herein.

For certain aspects, the conputer program product may incl ude
packagi ng material. [0097] Software or instructions nay al so be
transmtted over a transm ssion nedium For exanple, if the software
is transmtted froma website, server, or other renote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wreless technol ogi es such as infrared, radio, and

m crowave, then the coaxial cable, fiber optic cable, tw sted pair,
DSL, or wireless technol ogies such as infrared, radio, and m crowave
are included in the definition of transm ssion nedium [0098] Furt her,
it should be appreciated that nodul es and/ or other appropriate neans
for performng the nethods and techni ques descri bed herein can be
downl oaded and/or otherw se obtained by a user term nal and/or base
station as applicable. For exanple, such a device can be coupled to a
server to facilitate the transfer of nmeans for perform ng the nethods
described herein. Alternatively, various nethods described herein can
be provided via storage neans (e.g., RAM ROM a physical storage
medi um such as a conpact disc (CD) or floppy disk, etc.), such that a
user term nal and/or base station can obtain the various mnmethods upon
coupling or providing the storage neans to the device. Mreover, any
ot her suitable technique for providing the nethods and techni ques
descri bed herein to a device can be utilized. [0099]It is to be
understood that the clains are not limted to the precise
configuration and conponents illustrated above. Various

nodi fications, changes and 25



variations may be nmade in the arrangenent, operation and details of

t he net hods and apparatus descri bed above w thout departing fromthe
scope of the clains. 26 CLAIM 1. Anmethod for wireless

comuni cations, conprising: generating a preanble and a data payl oad;
and transmtting a frame conprising the preanble and the data

payl oad, wherein the preanble is transmtted according to a single
carrier (SC transm ssion schene at a first chip rate and the data
payload is transmtted accordi ng t cCTakRIMBt hogonal Frequency Divi sion
Mul tiplexing (OFDM transm ssion schene at a second chip rate
different fromthe first chip rate, wherein the OFDM transm ssi on

ol U al i Ly of hat ] SLeRE foF VECIEEs TRRRTIISICAORNS, (HMAITG: (e
gat a- bea?/l ngggﬁi@éémgr%ﬁreambl% asdat @él%)ﬁi%én th of the SC
2 A ?ns;natsz I ?gu?ﬂmttm fﬁgi:n?? @%ﬂh ming Feaisieeafidtife aﬁ%ﬁnd
met ﬁod of clai R I(Wr@ ﬁﬁlfeﬁél etlﬁ raﬁsﬁn-};%d&féc@ggmg
P e stie S0 i S oot
a Start Frame @&Eﬁe iﬁ’ﬁ‘ Hab’ﬁ He‘isrl[lﬁ &téﬁi@éﬁlﬁﬂg
(ST e, heget n 01&16 h al hf.Pk;od oen@ P?n)f&ﬁ;ﬁﬁ{a aDrv'[lizlo ri s
generating a kot INEELrARSRIBR e RS ThEE Tk suserandhe bip @t@
short header f delent fmnﬁ@h&rﬁmm whee ewhéf@lﬁﬂ@é()F@Mrtraﬁs-
transmtted acegi it 'RHAR SIS % PRI oF dats-behing™ P
subcamers and a plurality of guard subcarriers, and
wherein a first bandwidth of the data-bearing subcarriers
is the same as a second bandwidth of the SC transmis-
sion scheme.
2. The method of claim 1, wherein the second chip rate is
1.5 times higher than the first chip rate.
3. The method of claim 1, wherein the preamble or the data
payload is generated by using one or more Golay codes.
4. The method of claim 1, wherein the preamble comprises
a Synchronization (SYNC) sequence, a Start Frame Delim-
iter (SFD) and a Channel Estimation Sequence (CES), and
wherein the SYNC, the SFD and the CES are all spread by
using Golay codes.
5. The method of claim 1, further comprising;
generating a short header within the frame; and
transmitting the short header following the preamble,
wherein the short header is transmitted according to the
SC transmission scheme at the first chip rate.



27 6. The nethod of claim5, wherein the short header conprises
information indicating duration of the frane. 7. The met hod of
claimb5, wherein the short header is generated by using a | owdensity
parity-check (LDPC) encodi ng. 8. The method of claiml1, wherein
transmtting the frame conprises trangmtting in a contention access
period (CAP) of a super-frane defined by a piconet controller. 9. An
apparatus for wireless comuni cati ons, conprising: a generator
configured to generate a preanble and a data payl oad; and a
transmtter configured to transmt a frame conprising the preanble
and the data payl oad, wherein the preanble is transmtted according

I d
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transm ssion sch ng nprises a pluraljty ata Eﬂé@ ers
and a pl urgﬁﬂteyafﬁ giﬁ% dUSUBgard | d@mﬂ%emmtﬁéq

of the dat@n@@@ﬁ subcarriers is the sanme as a second bandvm dth of
t he SCtrans 0. ,The apparatus of cl.ai
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Channel Esti mation uenc e)éb and
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claim?9, furthga hmxﬂ1 gnab a generatl ng circuit configured to

e e ARG b bR AT E i el B RLRSS,

header is tran aarﬁé)lemddh@dabamlﬁﬁd rwhe&r@ﬁmep?eamb?é ishe

first chip ratqyansmitted according to a single carrier (SC) transmis-
sion scheme at a first chip rate and the data payload is
transmitted according to an Orthogonal Frequency Divi-
sion Multiplexing (OFDM) transmission scheme at a
second chip rate different from the first chip rate,
wherein the OFDM transmission scheme comprises a
plurality of data-bearing subcarriers and a plurality of
guard subcarriers, and wherein a first bandwidth of the
data-bearing subcarriers is the same as a second band-
width of the SC transmission scheme.



14. The apparatus of claim 13, wherein the short header conprises

i nformation indicating duration of the frane. 15. The apparatus of
claim 13, wherein the short header is generated by using a

| ow-density parity-check (LDPC) encodi ng. 16. The apparatus of
claim9, wherein the transmtter confagured to transmt the frane of
data conprises a circuit configured to transmt in a contention
access period (CAP) of a super-frame defined by a piconet controller

(PNC), wher eilr) .t'ﬁheaappamm eficlahe PNwlrereinnthd sceorel chiprate

17. An appara .for s[ it l;0Ns orrprl si ng: ans for
gener at i ngSa pgi 5% E@%’aﬁ?ﬁﬁl teans for transmitti ng
a frame conprlits I'Ehet ar@amobf dndnt Pewlhé?eﬁﬂhe eamméldrtﬁ@

pr eanbl e |aag[rans ed accord to.a sin Ie ca é@dﬁ@

transnmi ssi agl 15 genegat % B
trans- 29 mle éﬁh@C@ diratud @faﬂa(ﬁiti @mreﬁim?&‘aﬁﬂﬂétém-

Mul tipl t d ch
it e g (PRI o e S S a%i%%%@&ﬁagﬁbgm
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fat o bear | AQCENTSTeTdRe 3 § Nk Al D anddetEbateallopreadin sc

transm ssi ggngir@@@a codés The apparatus of claim17, wherein the

:srﬁcond chipr erﬁ 5 tines Ejglher ?h the first Chlp rate. 19.

e apparat ud Apparatishedglaim 0dRPIrhENgEt a payl oad

I's gener at ed sbycuerating eifRtuitEen e fdefenerate a short header
within the frame; and

a circuit configured to transmit the short header following

the preamble, wherein the short header is transmitted
according to the SC transmission scheme at the first chip
rate.

14. The apparatus of claim 13, wherein the short header
comprises information indicating duration of the frame.

15. The apparatus of claim 13, wherein the short header is
generated by using a low-density parity-check (LDPC)
encoding.

16. The apparatus of claim 9, wherein the transmitter con-
figured to transmit the frame of data comprises a circuit
configured to transmit in a contention access period (CAP) of
a super-frame defined by a piconet controller (PNC), wherein
the apparatus and the PNC are in the same piconet.

17. An apparatus for wireless communications, compris-
ng:

means for generating a preamble and a data payload; and

means for transmitting a frame comprising the preamble

and the data payload, wherein the preamble is transmit-
ted according to a single carrier (SC) transmission
scheme at a first chip rate and the data payload is trans-



20. The apparatus of claim 17, wherein the preanble conprises a
Synchroni zati on (SYNC) sequence, a Start Frane Delimter (SFD) and a
Channel Estimation Sequence (CES), and wherein the SYNC, the SFD and
the CES are all spread by using Golay codes. 21. The apparatus of
claim 17, further conprising: neans fg@r generating a short header
within the franme; and neans for transmtting the short header
followng the pre- anble, wherein the short header is transmtted

according to thﬁtﬁé‘dta@mﬁﬁmgq@ apherghaiodiisl Fr@@}géﬂi@? Davgsion

ni or mat | oh 1 ﬁhﬁi&fméﬁh&@aﬁﬁbﬁkﬁ&%@gﬁ y SIRAtERRFaTE of
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21. The apparatus of claim 17, further comprising;

means for generating a short header within the frame; and

means for transmitting the short header following the pre-

amble, wherein the short header is transmitted according
to the SC transmission scheme at the first chip rate.

22. The apparatus of claim 21, wherein the short header
comprises information indicating duration of the frame.

23. The apparatus of claim 21, wherein the short header is
generated by using a low-density parity-check (LDPC)
encoding.

24. The apparatus of claim 17, wherein the means for
transmitting the frame comprises means for transmitting in a
contention access period (CAP) of a super-frame defined by a
piconet controller (PNC), wherein the apparatus and the PNC
are 1n the same piconet.




a generator configured to generate a preanble and a data payl oad; and
a transmtter configured to transmt via the at |east one antenna a
frame conprising the preanble and the data payl oad, wherein the
preanble is transmitted according to a single carrier (SC

transm ssion schene at a first chip rate and the data payload is
transmtted according to an Othogonal Frequency Division
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a transrhitter con r%igurecl to transmit via the at least one

antenna a frame comprising the preamble and the data
payload, wherein the preamble is transmitted according
to a single carrier (SC) transmission scheme at a first
chip rate and the data payload is transmitted according to
an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate dif-
ferent from the first chip rate, wherein the OFDM trans-
mission scheme comprises a plurality of data-bearing
subcarriers and a plurality of guard subcarriers, and
wherein a first bandwidth of'the data-bearing subcarriers
is the same as a second bandwidth of the SC transmis-
sion scheme.



32 transm ssion schenme at a second chip rate different fromthe first
chip rate, wherein the OFDM transm ssion schene conprises a plurality
of data-bearing subcarriers and a plurality of guard subcarriers, and
wherein a first bandwi dth of the data-bearing subcarriers is the sane
as a second bandw dth of the SC transhki ssion scheme; and a detector
configured to detect the preanble and the data payl oad. 33. The
apparatus of claim 32, wherein the second chip rate is 1.5 tines
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amble and the data payload comprises filtering the frame
using a common configurable parallel matched filter.

29. The method of claim 28, wherein a Synchronization

(SYNC) sequence, a Start Frame Delimiter (SFD) and a
Channel Estimation Sequence (CES) of the preamble are all
detected using the common configurable parallel matched
filter.

30. The method of claim 27, wherein the second chip rate

is 1.5 times higher than the first chip rate.

31. The method of claim 27, wherein the preamble com-

prises Golay codes.

32. An apparatus for wireless communications, compris-

ing:

a receiver configured to receive a frame comprising a pre-
amble and a data payload, wherein the preamble was
transmitted over a wireless channel according to a single
carrier (SC) transmission scheme at a first chip rate and
the data payload was transmitted according to an
Orthogonal Frequency Division Multiplexing (OFDM)



39. The apparatus of claim 37, wherein the preanble conprises Col ay
codes. 40. The apparatus of claim 37, wherein the nmeans for
detecting the preanble and the data payl oad conprises neans for
filtering the franme using a conmon configurable parallel mtched
filter. 41. The apparatus of clai n3240, wherein a Synchroni zation
(SYNC) sequence, a Start Frane Delimter (SFD) and a Channel

Esti mati on Sequence (CES) of the preanble are all detected using the
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and the da@ﬁﬁ@@lf sequence, a Start Frame Delimiter (SFD) and a
Channel Estimation Sequence (CES) of the preamble are all
detected using the common configurable parallel matched
filter.
37. An apparatus for wireless communications, compris-
ing:
means for recerving a frame comprising a preamble and a
data payload, wherein the preamble was transmitted
over a wireless channel according to a single carrier (SC)
transmission scheme at a first chip rate and the data
payload was transmitted according to an Orthogonal
Frequency Division Multiplexing (OFDM) transmis-
sion scheme at a second chip rate different from the first
chip rate, wherein the OFDM transmission scheme com-
prises a plurality of data-bearing subcarriers and a plu-
rality of guard subcarriers, and wherein a first bandwidth
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of the data-bearing subcarriers is the same as a second
bandwidth of the SC transmission scheme; and

means for detecting the preamble and the data payload.

38. The apparatus of claim 37, wherein the second chip rate
is 1.5 times higher than the first chip rate.

39. The apparatus of claim 37, wherein the preamble com-
prises Golay codes.

40. The apparatus of claim 37, wherein the means for
detecting the preamble and the data payload comprises means
for filtering the frame using a common configurable parallel
matched filter.

41. The apparatus of claim 40, wherein a Synchronization
(SYNC) sequence, a Start Frame Delimiter (SFD) and a
Channel Estimation Sequence (CES) of the preamble are all
detected using the common configurable parallel matched
filter.

42. A computer-program product for wireless communica-
tions, comprising a computer-readable storage device
encoded with instructions executable to:

receive a frame comprising a preamble and a data payload,

wherein the preamble was transmitted over a wireless
channel according to a single carrier (SC) transmission
scheme at a first chip rate and the data payload was
transmitted according to an Orthogonal Frequency Divi-
sion Multiplexing (OFDM) transmission scheme at a
second chip rate different from the first chip rate,
wherein the OFDM transmission scheme comprises a
plurality of data-bearing subcarriers and a plurality of
guard subcarriers, and wherein a first bandwidth of the
data-bearing subcarriers is the same as a second band-
width of the SC transmission scheme; and

detect the preamble and the data payload.
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43. A wireless node, comprising;

at least one antenna;

areceiver configured to receive via the at least one antenna
a frame comprising a preamble and a data payload,
wherein the preamble was transmitted over a wireless
channel according to a single carrier (SC) transmission
scheme at a first chip rate and the data payload was
transmitted according to an Orthogonal Frequency Divi-
sion Multiplexing (OFDM) transmission scheme at a
second chip rate different from the first chip rate,
wherein the OFDM transmission scheme comprises a
plurality of data-bearing subcarriers and a plurality of
guard subcarriers, and wherein a first bandwidth of the
data-bearing subcarriers is the same as a second band-
width of the SC transmission scheme; and

a detector configured to detect the preamble and the data
payload.



