1 EFFI Cl ENT EMPLOYMENT OF DI G TAL UPSAMPLI NG USI NG | FFT | N OFDM SYSTEMS
FOR SI MPLER ANALOG FI LTERI NG CROSS REFERENCE TO RELATED APPLI CATI ON

[ 0001] This application clains the benefit of U S. Provisional Patent
Application Serial No. 60/660,887 filed on March 10, 2005, entitled
"Digital upsanpling using 1FFT" the entirety of which is incorporated
herein by reference. BACKGROUND 1. Fikl d [ 0002] The subject technol ogy
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IL. Background
[0003]  Orthogonal frequency-division multiplexing (OFDM) is a method of digital

modulation in which a signal is split into several narrowband channels at different
frequencies. The technology was first conceived during research into minimizing
interference among channels near each other in frequency. In some respects, OFDM is
similar to conventional frequency-division multiplexing (FDM). The difference lies in
the way in which the signals are modulated and demodulated. Generally, priority is
given to minimizing the interference, or crosstalk, among the channels and symbols
comprising the data stream. Less importance is placed on perfecting individual
channels.

[0004] In one area, OFDM has also been used in European digital andio broadcast
services. The technology lends itself to digital television, and is being considered as a
method of obtaining high-speed digital data transmission over conventional telephone
lines. It is also used in wireless local area networks. Orthogonal Frequency Division
Multiplexing can be considered an FDM modulation technique for transmitting large
amounts of digital data over a radio wave where OFDM operates by splitting a radio
signal into multiple smaller sub-signals or sub-carriers that are then transmitted
simultaneously at different frequencies to the receiver. One advantage of OFDM

technology is that it reduces the amount of crosstalk in signal transmissions where



technology is that it reduces the amount of crosstal k in signal

transm ssions where 2 current specifications such as 802.11a WLAN, 802.16
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SUMMARY

[0006]  The following presents a simplified summary of various embodiments in
order to provide a basic understanding of some aspects of the embodiments. This
summary is not an extensive overview. It is not intended to identify key/critical
elements or to delineate the scope of the embodiments disclosed herein. Tis sole purpose
is to present some concepts in a simplified form as a prelude to the more detailed
description that is presented later.

[0007] Systems and methods are provided for transmitting Orthogonal frequency-
division multiplexing (OFDM) information via digital up-sampling that employs an
Inverse Fast Fourier Transform (IFFT) at the transmitter output which generates
samples at a higher sampling rate compared to conventional systems to mitigate
transmitter filter requirements. In one embodiment, the IFFT processes OFDM sub-
carriers or symbols to generate sgmples at one or more multiples above the Nyquist
sampling rate at the transmitter output which mitigates strident filter requirements and
potential leakage between sub-carriers. One implementation includes cascaded Fast
Fourier Transforms (IFFT’s) which are adapted to perform an IFFT function for the

transmitter output. Since the output sample rate is a multiple of the Nyquist rate, a



sanpling rate at the transmtter output which mtigates strident filter
requi rements and potential |eakage between sub-carriers. One
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BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Fig. 1 is a schematic block diagram illustrating an up-sampling IFFT
generator for a wireless network.
[0010] Fig. 2 an example system for performing high bandwidth up-sampling.
[0011]  Fig. 3 illustrates an example architecture for configuring a cascaded stage
Inverse Fast Fourier Transform (IFFT) block.
[0012] Fig. 4 illustrates an example automatic frequency control block that employs
a frequency value determined from a one-shot frequency estimator block.
[0013]  Fig. 5 illustrates an example system that performs higher bandwidth
transmitter sampling.
[0014]  Fig. 6 illustrates an alternative example system that performs higher

bandwidth transmitter sampling.

[0015]  Fig. 7 illustrates an example process that performs higher bandwidth
transmitter sampling.
[0016]  Fig. 8 is a diagram illustrating an example user device for a wireless system.

[0017]  Fig. 9is a diagram illustrating an example base station for a wireless system.



[0014] Fig. 6 illustrates an alternative exanple systemthat perforns
hi gher bandwi dth transmtter sanpling. [0015] Fig. 7 illustrates an
exanpl e process that perforns higher bandwi dth transmtter sanpling.
10016] Fig. 8 is a diagramillustrating an exanple user device for a
wreless system [0017] Fig. 9 is a diagramillustrating an exanpl e base
station for a wireless system 4 [0018] Fig. 10 is a diagramillustrating
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and/or a computer. By way of illustration, both an application running on a

communications device and the device can be a component. One or more components
may reside within a process and/or thread of execution and a component may be
localized on one computer and/or distributed between two or more computers. Also,
these components can execute from various computer readable media having various
data structures stored thereon. The components may communicate over local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a wired or wireless network such as the Internet).

[0021] Fig. 1 illustrates an up-sampling IFFT generator for a wireless network and
system 100. The system 100 includes one or more transmitters 110 that communicate
across a wireless network to one or more receivers 120. The receivers 120 can include
substantially any type of communicating device such as a cell phone, computer,
personal assistant, hand held or laptop devices, and so forth. An Inverse Fast Fourier
Transform (IFFT) up-sampling component 130 is provided to transmit an OFDM time
domain sample set 140 at multiples of the Nyquist rate namely at N multiples above

conventional Nyquist sampling rates. This is achieved by applying a frequency domain



[0021] Fig. 1 illustrates an up-sanpling | FFT generator for a wreless
network and system 100. The system 100 includes one or nore transmtters
110 that comunicate across a wireless network to one or nore receivers
120. The receivers 120 can include substantially any type of

communi cating device such as a cell phone; conputer, personal assistant,
hand hel d or | aptop devices, and so fofth. An Inverse Fast Fourier
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optimization of the IFFT structure that performs up-sampling can be achieved by noting

that a significant portion of the frequency domain signals are zero. By exploiting this
aspect, a first stage of an NL point IFFT (described below) can be simplified such that
the final implementation only requires N, L-point IFFTs with some pre-processing. As
will be described in more detail below, a pre-processor receives L input symbols and
multiplies them by complex twiddle factors to generate the inputs to the L-point IFFTs.
In another embodiment, the system 100 is employed for transmitting OFDM
information in a network. The system includes means for transmitting a symbol stream
(110); means for transforming the symbol stream according to at least two multiples of a

Nyquist sampling rate (130); and means for receiving the symbol stream in the network
(120).

[0023]  Fig. 2 illustrates an example system 200 for performing high bandwidth up-
sampling. In this example, two Fast Fourier Transform (FFT) blocks (e.g., 4096) are
shown at 210 and 220, where the respective FFT blocks are adapted to perform Inverse
FFT’s or IFFT’s. It is noted that the system 200 is merely shown as an illustrative



will be described in nore detail below, a pre-processor receives L input
synbols and nultiplies them by conplex twi ddle factors to generate the
inputs to the L-point IFFTs. |n another enbodinment, the system 100 is
enpl oyed for transmtting OFDM information in a network. The system

I ncludes neans for transmtting a synbol stream (110); neans for
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| FFT whi ch can be %ecorrpose into N-point | FFTs followed by tw ddle
with respect to Fig. 5. The extended frequency domain symbols are processed using a

NL point IFFT which can be decomposed into L, N-point IFFTs followed by twiddle

multiplication and N, L-point IFFTs. This leads to a simpler design of the analog filters
following the digital to analog converter (DAC) at the output of the transmitter.

[0025]  Fig. 5 illustrates an example system 500 that performs higher bandwidth
transmitter sampling. For an OFDM system with L sub-carriers, a block of N, L point
IFFTs are employed as shown at 510 to convert coded bits 520 to respective time
domain samples, where the coded bits 520 represent frequency domain symbols and are
stored in a symbol map 524. In order to perform an up-sampling by N using IFFTs, an
NL point IFFT is performed. From the basic theory of IFFTs, an NL point IFFT can be
decomposed into L, N-point IFFTs followed by a twiddle multiplication via multiplier
blocks at 530 and N, L-point IFFTs at 510. Also, since only L frequency domain
symbols/ OFDM symbol ate being transmitted, generally only L of the NL inputs to the
NL point IFFT are non-zero. Therefore, the first L, N-point IFFTs can be optimized.
The outputs of the L, N-point IFFTs can be computed easily as the input multiplied by

an additional twiddle factor as derived below. This is an additional saving in



multiplication and N, L-point IFFTs. This |leads to a sinpler design of the
analog filters following the digital to anal og converter (DAC) at the
output of the transmtter. [0025] Fig. 5 illustrates an exanple system 500
that perfornms higher bandwidth transmtter sanpling. For an OFDM system
wWith L sub-carriers, a block of N, L pgint | FFTs are enpl oyed as shown at
510 to convert coded bits 520 to respetCtive tine donain sanples, where

t he coded bj 0 t fre donmai n, symhpl s and are ored in a
symbol map ?’é%h o%ﬁge?)??% %%‘érfggﬁ%r@#nﬂﬁ-cggﬂ%qxﬁﬁdﬁﬁio NSRS g TF E’k—ltg, an
NL point |piBdice sempleent ohigher rae. ol it lheteb alsat ¢hd bieputy o6 thel RATpoinBIFAYs poi Nt

| FFT bg., d into.L int | FETs fol| by a twi ddl
il 1 i1 caPBREEEE i e e it *@8) Sy MENsa) heto MARYNG: 510,
Al so, si NCB) eedpyctivellyl ETHEE BitpaE raRé menmgﬁéeq@i@%%gﬂbm tApRIP& 1Y

transmtted, qeneraljy only L of the NL inputs to t NL point |FFT are
non-zero. SRHB&BPlEs Mithgeorieptqrder. N-point | FFTs can be optimized. The

out put's of gub) L. ANeP Qblch FTSark RS 0, 8SbANCIAS. 4408 shtPUl
mul tipl i ed pf'/@ an’ addi t_i%r?al $onSRed bR nRARbRR S0° iR,
addi t i onal windowing ané cyclicquefd addition is perforoged bEfordithe simvd dugsain sarfples #6i ng

conpl exi t t i-ng .t | FET 1 r ce sanples at . higher rate. It
i smrjlot ed %/ug?ﬁefdhtg a:)j(lﬁ;%] %{%Q'gagogc 08"?\‘19‘1{.@&%& OFy tEqRFLIsSIDRy %vﬁﬁ%rai%ﬂecqqe st
stage pr ochitserd suppliaip essyrboNnap ¥ SP-wihidh proﬂt(oﬁwéutylﬂbqlk]ﬁ( Oﬁﬁsﬁﬂ\k[k?r) )
respectively. These. 0 uts are qt)FS'len nged sequentially at 540 fo
produce t h&VeHIYSRLeE Blops.30 1g Ar cﬁcﬁﬁeﬁﬁt ‘STV(%F]?G bloglogi NaktPeintJBRD| es are

arranged SEGuGNE 5. Dupll SoRIRE BT RS0 B s cHRBEIRAE B AARHRYC! | ©
prefix addition js perforned before the tine domain sanples are supplied

to a digi tgAvengelammnegmnebal e a S40padpravides ontput e apisbprocgssor 50ws tm at ed,

coded bi tige@58d BRI §8nd Rvdd mbol map at 524 which produces an out put
X[ k]. CQutput X k] rives nﬁ({lt%g@i&er bl ocks 530 to produce k] that

drives t hd0BWck bfgeneral, iftbe inputsip The NLqoks IBET SitGefefiad puz (k) modiele | FFT
bl ocks 510, nt t rf or sequenti al arrangenent of
data at 5%8@8%%?%%/@5%5}9@(2?% lstrgfa%%pg%gfk)ﬁf éogg’gvgor 550 at an increased
mul tiple of the NgGu+3(ky ate. [0027] In general, ogkEdhe i nputs to the NL
point IFFT are referred, as. Z( and the_ L_synbols to be sent as X(k),
Z(k) is related t%&&(ﬁﬂké@'m ows: Z(ION-L2ksLdE k < L/2

Z(k)=0 otherwise

[0028]  Mathematically, time domain samples x(n) can be related to the sub-carrier

nputs as:

LN~1 j27t

x(m)= Y. ZEW e, n=0..LN -1, W,=e ¥
k=0

L-1 N-1

x(Nn+q) =" Z(k + pLYW ey
k=0 p=0
L-1 N-1

X(Nn+q) =" Z(k+ pLYW;™ W4 ;™

k=0 p=0

L-1 N-t
*(Nn+q) =Y ;™ [Z Z(k + pL)W;P“JWfL:v’f"-

k=0 p=0
L-1
(N +q) =3 W, "G, [#]

k=0

[0029] It is noted that because most of the sub-carriers are zero, the equation for
Gq[k] simplifies to:



Z(k) = X(k -(N 1)-L) LNL/2 <= k < LN Z(k) = 0 otherwi se [0028] _
Mat hematically, tinme domain sanples x(n) can be related to the sub-carrier
inputs as: LN-1 .2x x(n) Z Z(kk\W, n =0...LN-1., WW=1e-'"7 k=0 L-1 NI
X(Nn+q) = ZZZ(k+ pL)V\LNk+pL).(Na+q) k O p=0OL-1 NI xX(Nn + q)

=EZZ( k+pL)WNp' . WP.W k=0 P=0O L-| X(Nn +q) =1 Wm Y, + pL)WP4 1WN
k~ [z(k p=D J L-1 x(Nn+q)_ EWSs' Gq[k] §< =D [0029] It is noted that because
nost of t u§,gfl,l;)‘-lcarriers are zero, the equation for Cg[k] sinplifies to:

8 Equation | N1 GQ[ Z(k+ pLYW JWTI Z(k).W 0<_Kk<L/2 [0030] =Z (k
+ (N-1)L). W L / E% ?51% W0 BK<L/2  =X(K).WN(N-1)gq. WL / 2 k
<L [0031] As an kb hle,; Par'4096, N=2
= Z(k).WL;,"q 0<k<L/2
[0030] =Z(k+ (N ~DL)Y WD -l L/2<k<L
= X (k) Wk 0<k<L/2
= X (k)W 09 L/2<k<L

[0031] As an example, consider L= 4096, N=2

Therefore,

G,[k] = X (k) | 0<k<L

G,[k] = X (k).J7;; 0<k<L/2
= X (k)W W L/2<k<L
=-X (k)W L/2<k<L

[0032] Fig. 6 illustrates a specific example system 600 that performs higher
bandwidth transmitter sampling, where L = 4096 and N = 2. Coded bits are supplied to
a symbol map 610 which fills an even sample IFFT block 620 and an odd sample IFFT
block 630 which is also driven by a multiply function at 640. Output from the IFFT
blocks 620 and 630 is sent to a component that performs sequential arrangement of data
at 650 and provides output to a post processor 660 at twice the Nyquist rate. The post
processor 660 can provide aspects such as sample windowing and cyclic prefix addition
before driving a digital to analog converter (DAC).

[0033]  In general, up-sampling can be performed using an IFFT that leads to an
implementation with lower complexity, both in terms of easier analog filtering and
easier digital filtering. It is noted that performing up-sampling using an IFFT does not
employ memory across OFDM symbols. Therefore, this embodiment does not reduce
the margin of the OFDM /DMT system to channel delay spread. The IFFT can be
further simplified by decomposing it into L N-point IFFTs followed by N L-point IFFTs
as noted above with respect to Fig. 5.

[0034]  Figs. 7 illustrates an example IFFT transmission processes for wireless
systems. While, for purposes of simplicity of explanation, the methodology is shown

and described as a series or number of acts, it is to be understood and appreciated that



Therefore, @)[1lc]=X(lc) 05k<L G [k]=X(k).Wzi O0O<_k<L12 = X(k).W'W L/2
<k<L =-X(k).WzZi L/2 < k<L [0032] Fig. 6 illustrates a specific exanple
system 600 that performnms higher bandwidth transmitter sanpling, where L =
4096 and N = 2. Coded bits are supplied to a synbol map 610 which fills
an even sanple | FFT bl ock 620 and an odd sanple I FFT bl ock 630 which is
al so driven by a nultiply function at $40. Qutput fromthe I FFT bl ocks
620 and 630 is sent .to. nponent th per f.or sequenti al arrangenent of
Gataat oBs s dorabed BARBTS b HEl PPotteithos s S8 ne
Nyqui st r apcur TheifRd&tt orférd GREHe lcoMRerefRN whOYthEe 2@t FREd $hat WabwASnganpl e

w ndowi ng and _cyclic¢ prefix addition _before driyin%%g digital tq anal og

converter {g5pihed hepmafos Fragdife aase skified ihie gV aridsetane PRé AARFECIHSI ng an
| FFT t hat {hﬁﬁéiﬁleﬁ@dcl%lgy IR ARy Bélréfkés&né@aiwﬁg se?i@m BleedatedQQhE N terms

of easier analog filtering and eaSier digital filtering. It is noted that
per f or mi ngeveptssarehias g sisteslipgzam.| Moreogere sotradl illugratadogtsmeasbberequiradss  OFDM

synbols. T o] [ . Ok: t he
CFont 1 onr SLEn i nicHRoBE 46 AEGHal0 Sl e SRTHE S ORIl Goa

si npl i fi edhdygindeconposing it into L N-point |IFFTs followed by N L-point

| FFTs as d above wi th, respect .g. 5., [.0034] Figs...7 illustrates
an exanpl em%lgéT tg};ﬁn?ﬁ%ﬂa&% aBreé(&l@B]tfggﬁgﬁﬂ“Wlf%?réB e%]@ﬁe’?mf’eeémgﬁe, f or
pur poses off10; degetipeid ML @bine FEHTB @b kfdade! TN NRbhe dK TAIMA L SN-PomMFF@Nd
descri bed as a_series or, nunber, of acts, it is to be understood and

appr eci at ed At A&Y, tonsifer ispeidetada detgaypgd: pugh Aelp spminglvde Heice pi santBtETby t he
order of agdSmuASHRANERES Be (ERsmieCldfost Wikdidsg 3&%@ dersy q;géifn%ess
h romth d *he

concurrently wth other acts at shown an escri be el n. For

exanpl e, - t wpytedataand|optimize prévprogessingiby takingsresvbretéaslinipprenitate 740, hat  a
met hodol og I 1 Lvel esent.ed as a series of. interrel ated
states or yeégog%tlg,ﬁ?hlc %@Tsl'n% @t%ap g'%fl 815#1(9%? Stfaéltwg{e,d arsﬁc?fl 1&Fr|eased

i || ustr at eshngdd mtertaynder megpuedetsdrst 0 i npl enent a net hodol ogy i n accordance

with the SH)%E]Ct ”Etrt}g.dﬁ’ lig%ei?lug{a%igﬂ %?eaduse?ed’esljcg'SOO that is employed in a

wireless communication environment, in accordance with one or more aspects set forth

herein. User device 800 comprises a receiver 802 that receives a signal from, for
instance, a receive antenna (not shown), and performs typical actions thereon (e.g.,
filters, amplifies, down converts, etc.) the received signal and digitizes the conditioned
signal to obtain samples. Receiver 802 can be a non-linear receiver. A demodulator
804 can demodulate and provide received pilot symbols to a processor 806 for channel
estimation. Processor 806 can be a processor dedicated to analyzing information
received by receiver 802 and/or generating information for transmission by a transmitter
- 816, a processor that controls one or more components of user device 800, and/or a
processor that both analyzes information received by receiver 802, generates
information for transmission by transmitter 816, and controls one or more components
of user device 800. User device 800 can additionally comprise memory 808 that is
operatively coupled to processor 806.
[0037] It will be appreciated that the data store (e.g., memories) components
described herein can be either volatile memory or nonvolatile memory, or can include
both volatile and nonvolatile memory. By way of illustration, and not limitation,
nonvolatile memory can include read only memory (ROM), programmable ROM
(PROM), electrically programmable ROM (EPROM), electrically erasable ROM

(EEPROM), or flash memory. Volatile memory can include random access memory



[0035] Fig. 7 illustrates an exanple | FFT transm ssion process 700.
Proceeding to 710, deconpose NL point |IFFTs into cascade of N L-point

| FFTs and L N-Point IFFTs.. . At 720, transmtter input data is

determ ned. Such data can include voice or conputer comunications data
to be transmtted across a wireless network. At 730, pre-process input
data and opti m'ze pre- processi ng by t a9 ng zero sub-carriers into account.

At 740, Poi 750, | ed .dat 1 tted
at an |ncr mwggé?hp‘?"gs railteé‘ o‘f?gﬁeo rﬁxe”\B ‘{‘)’EP§ ﬁP%ﬁ%é’]‘ ns(@8 ig an
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r
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menory 808 t ratively coupled to processor 8 't will
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many T or s PeREAIngsths piEAORREAEs FIdVItnciigns)set fartinbavio. RAVIGIDRAN) 922 can
synchr onoug, RV £ sREAME trafQHBLieh 6474 ﬁaﬁsﬁﬁﬁer%%ﬁ%ugh transmit antenna 908 to

user devices 904.

[0039] Fig. 10 shows an exemplary wireless communication system 1000. The
wireless communication system 1000 depicts one base station and one terminal for sake
of brevity. However, it is to be appreciated that the system can include more than one
base station and/or more than one terminal, wherein additional base stations and/or
terminals can be substantially similar or different for the exemplary base station and
terminal described below.

[0040] Referring now to Fig. 10, on a downlink, at access point 1003, a transmit
(TX) data processor 1010 receives, formats, codes, interleaves, and modulates (or
symbol maps) traffic data and provides modulation symbols (“data symbols”). A
symbol modulator 1015 receives and processes the data symbols and pilot symbols and
provides a stream of symbols. A symbol modulator 1020 multiplexes data and pilot
symbols and provides them to a transmitter unit (TMTR) 1020. Each transmit symbol
may be a data symbol, a pilot symbol, or a signal value of zero. The pilot symbols may
be sent continuously in each symbol period. The pilot symbols can be frequency
division multiplexed (FDM), orthogonal frequency division multiplexed (OFDM), time



(DDR SDRAM, enhanced SDRAM (ESDRAM), Synchlink DRAM (SLDRAM, and direct
Ranmbus RAM (DRRAM . The nenory 808 of the subject systens and nethods is
i ntended to conprise, without being limted to, these and any ot her
suitable types of nenory. User device 800 further conprises a background
nonitor 814 for processing data, a synbol nodul ator 814 and a transmtter
816 that transmits the nodul ated signdl. [0038] Fig. 9 illustrates an

exanpl e syst.em 900 that conprises a bhase statjon 0 i th recei ver 910
that receidi@gionmytinlexeit (APYR, Graiegey #M%%@E}ﬁpg%w Z%Mo% °°3ﬁ 9HAgPE a

plurality Riipeesi (@dpmIt ennas 906, and a transmitter 924 that transmts to
the one or nore user ‘devices 904 through a transmt antenna 908. Receiver
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associ ate .t ?g'ﬁQQ t 4 nag]g e CLjV. ' tion.
Denodul at g]awgya%%lgfgg ar e%gl%; 31;“%%3&’ ?llttlgﬁst g%g’c es %f?eg’ggﬁérg’nﬁidmﬁgﬂi@}gﬁﬁgg upl ed
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(TX) data processor. 1010 recei v f or.mat ode i nt erl| eaves d
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a pilot synbol, or a Signal value of zero. The pilot synbols e sent
cont i nuousistimpates toretovey/iirb thnspaitedidailis data pTheprossssing by syrabelisembddeency
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modulator 1015 and TX data processor 1010, respectively, at access point 1005.
[0042] On the uplink, a TX data processor 1060 processes traffic data and

provides data symbols. A symbol modulator 1065 receives and multiplexes. the data
symbols with pilot symbols, performs modulation, and provides a stream of symbols. A
transmitter unit 1070 then receives and processes the stream of symbols to generate an
uplink signal, which is transmitted by the antenna 1035 to the access point 1005.

[0043] At access point 1005, the uplink signal from terminal 1030 is received by
the antenna 1025 and processed by a receiver unit 1075 to obtain samples. A symbol
demodulator 1080 then processes the samples and provides received pilot symbols and
data symbol estimates for the uplink. An RX data processor 1085 processes the data
symbol estimates to recover the traffic data transmitted by terminal 1030. A processor
1090 performs channel estimation for each active terminal transmitting on the uplink.
Multiple terminals may transmit pilot concurrently on the uplink on their respective
assigned sets of pilot subbands, where the pilot subband sets may be interlaced.

[0044] Processors 1090 and 1050 direct (e.g., control, coordinate, manage, etc.)

operation at access point 1005 and terminal 1030, respectively. Respective processors



11 division multiplexed (TDM, frequency division nultiplexed (FDVM, or
code division nultiplexed (CODM. [0041] TMIR 1020 receives and converts
the stream of synmbols into one or nore analog signals and further
conditions (e.g., anplifies, filters, and frequency up converts) the
anal og signals to generate a downlink signal suitable for transm ssion
over the wirel ess channel. The downl ilAk si gnal is then transmtted

t hrough an te 025. to the termnals. At termnal 1030, an antenna
1035 £ ece VB ERAI0.iAR rieSeiedl Vi e pieloh SRR G A Lp GrRg R
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) ) ;
the condi tiresNeRFyAng frapulperesnanss estiagipp e dhe yplinls apd dowalipkatesracBryely045
denodul at d prow i i Relg for
channel 2@? ?glrrat i on?oggﬁggﬁ&%eﬂr&g%ﬁﬁagén’%% f uﬂ%ﬁe@sﬁggﬁﬁg{%&??gquency
response ewplomanted Wish nddaled densl, ipaecefivrosn forndives sand sb0&0), thptepdrrmsthdat a
denodul at i t / Lved in.data symbel estimtes
Coni ch ar cidefils WEEE BRERC S SRRl A8 BB Ahanay Ihs 81, e
dat a synboéxeastd bppesessars.aTh&ietatyaurit ayebsmipldfiaed withia he stocasstitloat es

(i.e., synmbol de- ) de-interl eaves, and decodes the data synbol

esti mat es ?‘ger?agct&r}g? }%?.ngs[opawswﬁlfﬁézaset R e cpprgugghively, equpled; tﬁg&)‘By
synbol denmeedsatr ia vatidddmand abes i6hewa ibheeRssor 1055 is conplenmentary to
t he processi n6<;i by_synbo nodul at or. 1015 and TX data processor 1010,

nbol
respect i vel%6lat ~ ¥eeebas brsn describedabqvp gupydemsxempielanysiofborimentsy )t detod
processor GO REOEESHES 14 rd%ﬁéri'b@,é&@xé/;ccﬁﬁgivaﬂé QbR glgto% éo\e{mﬂ&ﬁs o Synbol

nmodul ator 1065 receives and nul tipl éxes the data s;[/1 ol's wth prlot
synbol s, pasthedolegieroigupuppisa of desdriping thecabodingmtse buh wk of pridigdrg skill in

transmtt i .he j n raocesses the stream of nbols to

genor at e e st Beded el SREY KiheP PluRbARES 350 potfudl nf A Rereblia 1 o

t he accessA@orditgly,0iese [ &OdRiméits ate cintendal 16 dfibiace tdlle st iaMsragibgyal from

termnal 1030Q.is. recejved.by  t ant.enna 1025 and processed by a receiver

unit 1075 T%é)lgﬁ%gf‘%a'éda‘f?’p"la{%%‘}é %@Wﬁlﬁm 3nd sepe PHG PREdedFlsdssses the

sanpl es arelrpeovirdet BRCEHMANGMR 1HRl refiy Marleanss uddt & siihoke ecl%fa'ng@t es for

the uplink, An RX data processor 1085 processes the data synbol estimates
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WHAT IS CLAIMED IS:



Multiple termnals may transmt pilot concurrently on the uplink on their
respective assigned sets of pilot subbands, where the pilot subband sets
may be interlaced. [0044] Processors 1090 and 1050 direct (e.g., control,
coordi nate, nmanage, etc.) operation at access point 1005 and term nal
1030, respectively. Respective procesaﬁrs 12 1090 and 1050 can be
associated with nenory units (not showt) that store program codes and
data. Processors 1090 and 1050 can ggﬁégﬁfrforn1conputations to derive
frequency and inpul se response esti or the uplink and downli nk,
respectively. [0045] For a software inplenentation, the techniques
descri bed herein may be inplenented with nodules (e.g., procedures,
functions, and so gn) that performthe _ functions described herein. The
sof tware chdes ékﬂghﬂgﬁﬁQﬁ¥%@¢¢ﬁﬁ@ﬁ%4?mﬁﬁ?F§%ﬁﬁﬁpn%R%cuted by processors.
The menory unit_ may, he inpl nted within the processor or external to

t he processor, quFn%fﬂ%a%§gg}a°%%@r@8%ﬁ@£ﬁg@vﬁﬁ@§b@d to the
processor via varjous neans _as is_known in the art. [0046] What has been

descri bed above erRENng @stransforg| 4 N, sappbe muipias over thejsgb-cagiersciounisigate not
possi bl e 1 gAeSmtbRENE YERKsCQRCRLYAR B E&‘R’Eﬂk ' fan ¢

nmet hodol ogi es é;qg% purposesso%&des'}cri bieng t epgiﬁ%lg%{%eaﬁ%g%g t %)er?]teh%éf

ordi nary siageality2. the art may recogni ze that many further comnbinations
and pernutations are possible. Accordingly, these enbodi nents are
intended to enbrace all such alterations, nodifications and variations
that fall within the spirit and scope of the appended cl ai ns.

Furthernor®, tdhehmetbrd efitclaimat, futthertcompriting promdestlg it leastachei subsittofer t he
det ai |l ed L Pt lon the cl ai such.termis_.intended to be inclusive
ina rranne%%%fcfgn%l%a(%rs Q?doﬁ%(f é‘ﬁ?%arm% aq@%?%ﬁ?‘? gtihﬁrgsuglﬁe% OF GBI PETHG i s
interpreted when enployed as a transitional word in a claim WHAT IS
CLAIMED IS: 13 CLAIMS 1. A nmethod for transmtting OFDM i nfornmation,
conpri sing, detgermnin set of .sup-.carriers.to broadcast in an OFDM
networ k. aid  pIeRBTIRG CIEE of giB Ty fioR cOTRFAE RHOFEFBR &6 TS uring
sub-carri eéﬁnbﬂodﬁsfah@%s%ta&bﬁﬁlﬁﬁerrp@ﬂbﬂn{i@%meftrﬁnﬁénﬁ]m se generation in the
network, where N is an integer greater than

4, The method of claim 3, the transform is an Inverse Faét Fourier Transform

(IFFT).

5. The method of claim 4, the IFFT is performed as a cascade of Fast Fourier
Transforms (FFTs).

6. The method of claim 5, further comprising at least two cascades to perform up-
sampling at least twice the Nyquist sampling rate.

7. The method of claim 6, the cascades are employed to mitigate filtering

requirements at an OFDM transmitter.

8. The method of claim 6, the cascades are employed to mitigate leakage between
OFDM symbols or sub-carriers.



or equal to 2. 2. The nmethod of claim1, further conprising processing at
| east one subset of carriers as desired information and at | east one

ot her subset of carriers as zeros. 3. The method of claimof claiml,
further conprising processing the zeros during even or odd sanples at a
transmtter performng the transform 4. The nmethod of claim3, the
transformis an Inverse Fast Fourier ‘Ilf”ansform (1FFFT). 5. The net hod of
claim4, the IEET i a cascade Fast. Fourj or s
(FRT) " 6. 9The ThehBEbb Pt By 3oy ERRERSs fisorporine 26 1192905 A ascades
to perfor nilntu:twosqagmmmgs at least twice the Nyquist sanpling rate. 7. The
nmet hod of claim 6, the cascades are enployed to mtigate filtering
requirenents at an OFDMtransmtter. 8. The nethod of claim6, the
cascades are enployed to nmtigate | eakage between OFDM synbol s or
sub-carrierg. he fethddh6f SO0 ivheCtoiph ﬁlfcfewi’ﬁlﬁﬂﬁg @tqwlt&braadlqemrmom ng
an 8192 point IFFT into two 4096 | FFT's 0. The method of claim?9,
further coWﬁwlsﬁaE?Fg determning at |least two additional |FFT stages. 11.
The net hod of claim 10, further conprising enploying at | east one nenory
bl ock to process the | FFT operations. 12. Atransmtter nodule for a

wi r el ess ndt worlhesyethednof clnprilsifmther camprisicg swploying gjeloast anhe naenvayri er
subset for e adapted to operate at nultiples of a
Nyqui st 9&@5%%%!6%@%@%@&8& and a transform conponent to generate
sanpl es accordl ng to at least tw ce the Nyquist rate in order to mtigate

filter req're r th trans ter . The nodule of claim 12,
further compri ?tF’élﬁg “1F€&53| @%Betﬁag‘tsyﬁﬁ{?r FERPTISTEANSf or m (| FFT)

conponent s to GGRETeRol tSBBtabSa étlirid sibsg®RF 2 GadRlikgy rate. 14. The nodul e
of claim 13, the 1FFT conPonents are_adapted from Fast Fourier Transform
(FFT) conponent:s lock adapted fo operate at multiples of a Nyquist rate for the transmitter; and

a transform component to generate samples according to at least twice the

Nyquist rate in order to mitigate filter requirements for the transmitter.

13. The module of claim 12, further comprising at least two Inverse Fast Fourier

Transform (IFFT) components to generate samples at a higher sampling rate.

14, The module of claim 13, the IFFT components are adapted from Fast Fourier

Transform (FFT) components.

15. The module of claim 13, the IFFT components generate one or more even
and odd samples.
16. The module of claim 15, further comprising a pre-processor that performs

zero insertion on an input frequency domain symbol set,

17. The module of claim 16, further comprising at least one memory to operate
an FFT block adapted to perform an IFFT.

18. A system for transmitting OFDM information in a network, comprising:

means for transmitting a symbol stream;



15. The nodul e of claim 13, the | FFT conponents generate one or nore even
and odd sanples. 16. The nodul e of claim 15, further conprising a
pre-processor that perforns zero insertion on an input frequency domain
synbol set. 17. The nodul e of claim 16, further conprising at |east one
menory to operate an FFT bl ock adapteq to performan | FFT. 18. A system
for transmtting OFDM i nformation in d networ k, conprising: neans for

transmtting a synbel .stream 15 ans for transform t he ol. stream
according to atm%{aé%g(fr AR O ‘%ijfhﬁs n%8pssqeﬁmlﬁ§&(ﬁl g t%gt%{k?%o P%lf%’, S8d means
for recei vaNgqiifteasplidzaktestandam i n t he network. 19. A machi ne readabl e
medi um havi ng nmachi gq?_ executtﬁbl e J qstrucIi ns stored thereon, conprising:
determining a CAFFRs & reqelydng the Symbpl streaquinithe ggtwodky ) yvi ng zero padding to a
frequency domai n synbol set to produce at |least tw ce the nunber of
frequency domai n synbols; and applying the extended set of synbols to an

| FFT to geHbr atd maghiieckpadable medpins Bpeng arachine sexgeutolde instpgtionshgomedchi ne

r eadabl e ' l.ai.m 19, further conmprising performng an N multiple
| FFT on tggg%ggkﬁglﬁéu'set. 21. The machi ne readabl e nedi um of clai m 20,
further conpri sdetgmitenmagrogérrsgbsehfor altlekstuiitet 0 a cascade of FFT's. 22. The
machi ne readabl e diumof .claim further.co i.Si segregatjng the-
cascade for eveaf?pg'ﬁr@ (el pf"ﬁcipfg 10 gragency Lo S cﬂlsﬁggor B?%H%Efqgt i um of
claim 22, fwicd thehuwabsorf Gsqubgic padthaih Bymigblgand NL poi nt | FFT thi s deconposed
into L, N-point I|IFE 24. Th aﬁrg?cﬁgi ne_ readabl e medi um of cl aim 23,

Ts,
further conpri SIPRYeMeofHERg |SYBPls 8t 1 AR do engratsosamplesefors . 25,

The machi ngadsadrilia ABdiorn of claim 24, further conprising deconposing
the |FFTs into L N-point IFFTs followed by N L-point |FFTs.

-
i

20.  The machine readable medium of claim 19, further comprising performing an N

multiple IFFT on the carrier subset.

21.  The machine readable medium of claim 20, further comprising decomposing the
IFFT into a cascade of FFT’s.

22.  The machine readable medium of claim 21, further comprising segregating the

cascade for even and odd IFFT samples.

23.  The machine readable medium of claim 22, further comprising performing an
NL point IFFT this decomposed into L, N-point IFFTs.

24.  The machine readable medium of claim 23, further comprising performing a
multiplication and N, L-point IFFTs.

25.  The machine readable medium of claim 24, further comprising decomposing the
IFFTs into L N-point IFFTs followed by N L-point IFFTs.

26. A machine readable medium having a data structure stored thereon, comprising:
a plurality of data fields storing a transmitter symbol set; and
a plurality of data fields to perform an IFFT on the symbol set, where the IFFT
is divided into at least two data processing fields; and

employing at least one of the data processing fields for zero padding operations.



26. A machi ne readabl e nedi um having a data structure stored thereon,
conprising: a plurality of data fields storing a transmtter synbol set;
and a plurality of data fields to performan OFT on the synbol set, where
the |FFT is divided into at | east two data processing fields; and

enpl oying at | east one of the data processing fields for zero paddi ng
operations. 16 27. The machi ne readabfe medi um of claim26, further
conprising segregating the two cascade fields for even and odd processing
fields. 28. A wreless communications transmtter, conprising: a nmenory:
that storeg an | Fie hAcHRS feRldMAMedtim MM, PRER b PrisiAd segledafife €SSOr
to insert zeros that extend a nunber of frequency domain synbols that are
submi t t ed thotwaraseade Sialdp faregervpurodd pengessing fieidswi r el ess communi cati ons
network, conprising: a base station adapted to perform I nverse Fast
Fourier Transforns (IFFT) of a synbol set at an increased sanple

mul ti pl e, 28her e\ wirelessormpineunieationgttaasmiten colnpagng:t wo  ti mes over a Nyqui st

sanpling criterion; and.at |ea ne wreless receiver .o receive the
synbol | Set  acr deeetoerd it larea 88 TR RSP ES ot el iasPiralions w68
a processor to insert zeros that extend a number of frequency domain symbols

that are submitted to the up-sampling operation.

29. A wireless communications network, comprising:

a base station adapted to perform Inverse Fast Fourier Transforms (IFFT) of a
symbol set at an increased sample multiple, where the sample multiple is at least two
times over a Nyquist sampling criterion; and

at least one wireless receiver to receive the symbol set across the wireless

communications network.



