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1
QUASI-PARALLEL MULTICHANNEL
RECEIVERS FOR WIDEBAND
ORTHOGONAL FREQUENCY DIVISION
MULTIPLEXED COMMUNICATIONS AND

2

Portions and features of some embodiments may be included
in or substituted for those of others. The scope of embodi-
ments of the invention encompasses the full ambit of the
claims and all available equivalents of those claims. Such

ASSOCIATED METHODS 5 embodiments of the invention may be referred to, individu-
ally or collectively, herein by the term “invention” merely for
TECHNICAL FIELD convenience and without intending to voluntarily limit the
scope of this application to any single invention or inventive
Embo~diments of ~the‘present irl.vention pertain to wireless concept if more than one is in fact disclosed.
electron}c con'lmunlcat%ons, and in some embodlmer}ts., .the 19 FIG. 1is a block diagram of a receiver in accordance with
present 1nvention pertains to orthogonal frequency division some embodiments of the present invention. Receiver 100
multiplexed communications. may be part of a wireless communication device and may
receive orthogonal frequency division multiplexed (OFDM)
BACKGROUND s communication signals. In some embodiments, receiver 100
Orthogonal frequency-division multiplexing (OFDM) is may receive an OFD.M symbol on a wideband communica-
. . S . tion channel. The wideband channel may comprise one or
an example of a multi-carrier transmission technique that A
uses symbol-modulated orthogonal subcarriers to transmit more subc‘hannels..The subchanne;ls may be frequency-divi-
information within an available spectrum. Many modern Sl(.)n.multlplexed (.1 ., separated in frequency) and may be
digital communication systems, including wireless local-area 20 w1th]naprefieternilnetli.freq}len%/ specti’un; The.subclh annels
networks (WL ANSs), are using symbol-modulated orthogonal ma]}; c(gmpnse a}{o uriﬂllty o Oft Oﬁona. su cafrrlers.b I;lsomei
subcarriers as a modulation scheme to help signals survive in em oblmerllts, lt ¢ o ?igona su car:ers of a sube i]r.me
environments having multipath reflections and/or strong may be closely space OFDM subcarriers. To achieve
interference. One problem with many conventional systems orthogqnahty betwee.n the closely spaced subcarriers, the
that use symbol-modulated subcarriers is that channel band- »5 sul;carngrlsl of a partlclll lar subchal?nlfl mfly ha‘Le a pull alto
width is limited to the bandwidth of the individual channels.  S-o>rantially a center frequency of the other subcarriers o
. . L that subchannel.
Some conventional wireless communication systems, such as . . .
WLANS that implement OFDM communications, communi- In accordance with some embodlments, the sub.car.neljs
cate using channels that may only have about a 20-MHz may have been. symbol-modulated in accordancg with indi-
bandwidth. Thus, there are general needs for systems and 30 vidual subcarrier modulation assignments. This may be
methods for receiving wider bandwidth communications. referr e‘? to as adaptive bit loading (ABL). Accordingly, one or
more bits may be represented by a symbol modulated on a
BRIEF DESCRIPTION OF THE DRAWINGS subcarrier. The modulation assignments for an individual
subchannel may be based on the channel characteristics or
The appended claims are directed to some of the various 35 Channel conditions for that subcarrier, although the scope of
embodiments of the present invention. However, the detailed ~ the invention is not limited in this respect. In some embodi-
description presents a more complete understanding of ~ ments, the subcarrier modulation assignments may range
embodiments of the present invention when considered in  from zero bits per symbol to up to ten or more bits per symbol.
connection with the figures, wherein like reference numbers In terms of modulation levels, the subcarrier modulation
refer to similar items throughout the figures and: 4o assignments may comprise, for example, binary phase shift
FIG. 1 is a block diagram of a receiver in accordance with keying (BPSK), which communicates one bit per symbol,
some embodiments of the present invention; quadrfiture phase shift keying (QPSK), which communicatgs
FIGS. 2A and 2B illustrate subchannel analog-to-digital two bits per symbol, 8 PSK, which communicates three bits
converter circuitry in accordance with some embodiments of per symbol, 16-quadrature amplitude modulation (16-QAM),
the present invention; 45 which communicates four bits per symbol, 32-QAM, which
FIG. 3 illustrates a heterodyne frequency generator in communicates five bits per symbol, 64-QAM, which commu-
accordance with some embodiments of the present invention; nicates six bits per symbol, 128-QAM, which communicates
FIGS. 4A and 4B illustrate subchannel analog-to-digital seven b.lts per symbol, and 256-QAM, .WhICh communicates
converter circuitry with corresponding amplifiers in accor- eight bits per symbol. Modulation assignments with higher
dance with some embodiments of the present invention; 5o communication rates per subcarrier may also be received.
FIG. 5 illustrates radio-frequency (RF) and front-end cir- An OFDM symbol may be viewed as the combination of
cuitry in accordance with some embodiments of the present ~ the symbols modulated on the individual subcarriers.
invention; Because of the variable number of bits per symbol modulated
FIGS. 6A, 6B and 6C illustrate timing diagrams in accor- on a subcarrier and the variable number of subchannels that
dance with some embodiments of the present invention; and 55 may comprise a wideband channel, the number of bits per
FIG. 7 is a flow chart of a signal reception procedure in OFDM symbol may vary greatly.
accordance with some embodiments of the present invention. In accordance with some embodiments, receiver 100
receives radio frequency (RF) signals through RF and front-
DETAILED DESCRIPTION end circuitry 102. Circuitry 102 may filter the RF signals
60 received through antenna 142 with band-pass filter (BPF)
The following description and the drawings illustrate spe- 144. Circuitry 102 may also amplify the RF signals with
cific embodiments of the invention sufficiently to enable low-noise amplifier (LNA) 148. RF signals 103 provided by
those skilled in the art to practice them. Other embodiments circuitry 102 may be downconverted to baseband (e.g., zero-
may incorporate structural, logical, electrical, process, and frequency) by in-phase (I) mixer 104 based on heterodyne
other changes. Examples merely typify possible variations. 65 frequency 117 generated by heterodyne frequency generator

Individual components and functions are optional unless
explicitly required, and the sequence of operations may vary.

116. The baseband signals for the I-channel may be amplified
by baseband amplifier 106.
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Subchannel filter selection switch 108 may couple base-
band signals 107 to a selected one of a plurality of subchannel
low-pass filters 110. Subchannel low pass filters 110 may
accumulate signal information from an associated one of the

4

pling interval, allowing the selected subchannel filter to accu-
mulate signal information and update its state.

In some embodiments, the filter-input sampling interval
may be occur for each subchannel at least as often as the

subchannels during a filter-input sampling interval. During 5 inverse of a bandwidth of the subchannel, although the scope
the filter-input sampling interval, heterodyne frequency gen- of the present invention is not limited in this respect. The
erator 116 provides one of a plurality of heterodyne frequen- filter-input sampling interval may be selected to help assure
cies to convert RF signal 103, which may be received within that signal information from the subchannels is not lost dur-
a selected subchannel, to baseband signal 107. This may ing the sampling of the other subchannels. In some embodi-
allow the downconversion of the proper subchannel fre- 10 ments that have approximately 20-MHz subchannels, a filter-
quency to baseband. The accumulated signal information input sampling interval may occur at least once every 50 ns
from each subchannel may be individually provided by sub- allowing signal information to be accumulated for each sub-
channel filters 110 to analog-to-digital converter circuitry 126 channel once every 50 ns, although the scope of the present
for conversion to digital signals 115. invention is not limited in this respect.

For the quadrature-phase (Q) channel component, RF sig- 15 In some embodiments, receiver 100 may be a wideband
nals 103 may be downconverted to baseband (e.g., zero- channel receiver for receiving OFDM signals in a wideband
frequency) by mixer 154 based on heterodyne frequency 119 channel comprising one or more of the frequency-separated
generated by heterodyne frequency generator 116. Hetero- subchannels. In these embodiments, each subchannel low-
dyne frequency 119 may be shifted in phase by substantially pass filter may be associated with one of the subchannels. In
ninety degrees by phase shifter 118. The baseband signals 20 some embodiments, the subchannel low-pass filters may have
may be amplified by baseband amplifier 156. Subchannel afilter bandwidth of approximately half the subchannel band-
filter selection switch 158 may couple the baseband signals to width. For example, V‘fhen the subchannels have a subchannel
a selected one of a plurality of subchannel low-pass filters bandwidth of approximately 20-MHz, the subchannel low-
160. Subchannel low-pass filters 160 may accumulate signal ~ pass filters have a 3 dB filter bandwidth of approximately
information from an associated one of the subchannels during 25 10-MHz, although the scope of the invention is not limited in
afilter-input sampling interval. The accumulated signal infor- this respect.
mation from each subchannel may be individually provided In some embodiments, each of subchannel low-pass filters
by subchannel filters 160 to analog-to-digital converter cir- 110 and each of subchannel low-pass filters 160 may be
cuitry 166 for conversion to digital signals 165. substantially identical. For example, in some embodiments,

Digital signal processor (DSP) 120 may, among other 30 all subchannel l.ow—.pa.ss ﬁlters may have the same cutoff
things, perform fast Fourier transforms (FFTs) for each sub- frequency and discrimination or de?r, and they may b? of the
channel on digital signals 115 and 165 (i.e., both the I and the same filter type. Examples of suitable filter types include
Q channel components). In some embodiments, FFT circuitry elliptical filters, Tchebyshe\{ ﬁlter.s, an.d Butte}'w .Orth ﬁ lter§,
of DSP 120 may generate a parallel group of time-domain __ although the scope of the invention is not limited in this
samples for each symbol-modulated subcarrier that may >° respect. . .. .
comprise each of the subchannels. In some embodiments, .In some embodlmer}ts, analog-to-digital converter cir-
DSP 120 may include a plurality of FFT processing elements. cuitry 126 may comprise whole-channel analog'to'dlgltal

. . converter 114 and subchannel filter output selection switch

In. some embodiments, DSP 120 may include an FET pro- 112 (i.e., for the in-phase channel components). In these
cessing element for each subchannel. In these embodiments, ..o diments, analog-to-digital converter circuitry 166 may
anFFT for egch subchannel may be performed for an OFDM comprise whole-channel analog-to-digital converter 164 and
symbol received over a subchannel. subchannel filter output selection switch 162 (i.e., for the

In other embodiments in which receiver 100 operates as a quadrature-phase channel components). Subchannel filter
genuine multichannel receiver, FFTs may be performed for output selection switch 112 may be responsive to subchannel
OFDM symbols received over more than one subchannel. In 45 filter output selection signal 125 and may provide an accu-
thescf: embodiments, the FFTs do not need to start their pro- mulated signal output from a selected one of subchannel
cessing simultaneously. low-pass filters 110 to whole-channel analog-to-digital con-

In some embodiments, system controller 122 may generate verter 114. Subchannel filter output selection switch 162 may
subchannel selection signal 124 for use by subchannel filter also be responsive to subchannel filter-output selection signal
selection switches 108 and 158 and for use by heterodyne 50 125 and may provide an accumulated signal output from a
frequency generator 116. In these embodiments, the selected selected one of subchannel low-pass filters 160 to whole-
subchannel low-pass filter may be associated with a selected channel analog-to-digital converter 164. In some embodi-
subchannel. Heterodyne frequency generator 116 may be ments when the wideband channel comprises up to four or
responsive to subchannel selection signal 124 to generate one more subchannels, whole-channel analog-to-digital convert-
of a plurality of heterodyne frequencies to downconvert RF 55 ers 114 and 164 may comprise at least 9-bit analog-to-digital
signals 103 within a corresponding one of the subchannels converters having a sampling rate of at least as great as a
during a filter-input sampling interval. Subchannel filter bandwidth of the wideband channel. In the case of an up to
selection switch 108 may also be responsive to subchannel 80-MHz wideband channel, whole-channel analog-to-digital
selection signal 124 to switch among subchannel low-pass converters 114 and 164 may have sampling rates of at least
filters 110, allowing each subchannel filter to accumulate 60 80-MSPS, although the scope of the invention is not limited in
signal information received from an associated subchannel this respect.
during the filter-input sampling interval. In some embodi- Whole-channel analog-to-digital converters 114 and 164
ments, the subchannel low-pass filters may work in parallel may generate a combination (i.e., not the sum) of signals
separately accumulating signal information from each sub- sampled from the subchannels. For example, in the case of
channel. In some embodiments, subchannel filter selection 65 four subchannels, every fourth (time-domain) sample pro-

switches 108 and 158 may provide signal energy to the
selected subchannel low-pass filter during a filter-input sam-

vided by whole-channel analog-to-digital converters 114 and
164 may be associated with the same subchannel. As an
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example, whole-channel analog-to-digital converters 114 and
164 may be suitable for providing samples from four 20-MHz
subchannels, two 40-MHz subchannels, one 80-MHz wide-
band channel, although the scope of the invention is not

6

scope of the invention is not limited in this respect, as other
frequency spectrums are also equally suitable.

In some embodiments, receiver 100 may be part of a per-
sonal digital assistant (PDA), a laptop or portable computer

limited in this respect. 5 with wireless communication capability, a web tablet, a wire-

Subchannel filter output selection signal 125 may cause less telephone, a wireless headset, a pager, an instant messag-
switch 112 to switch between outputs of subchannel low-pass ing device, an MP3 player, a digital camera, an access point or
filters 110 and may cause switch 162 to switch between other device that may receive and/or transmit information
outputs of subchannel low-pass filters 160 allowing subchan- wirelessly. In some embodiments, receiver 100 may receive
nel low pass filters 110 and 160 to be sampled at least once 10 RF communications in accordance with specific communica-
every filter-output sampling interval. The filter-output sam- tion standards, such as the EEEE 802.11 (a), 802.11 (b),
pling interval is explained in more detail below. 802.11 (g/h) and/or 802.16 standards for wireless local area

Although whole-channel analog-to-digital converters 114 networks, although receiver 100 may also be suitable to
and 164 are illustrated as having an 11-bit resolution, this is receive communications in accordance with other techniques
not a requirement and whole-channel analog-to-digital con- 15 including the Digital Video Broadcasting Terrestrial (DVB-
verters 114 and 164 with lower or greater resolutions may T) broadcasting standard, and the High performance radio
also be suitable. Embodiments which receive a greater num- Local Area Network (HiperLAN) standard. Antenna 142 may
ber of subchannels may utilize whole-channel analog-to-digi- comprise one or more directional or omnidirectional anten-
tal converters 114 and 164 with greater resolutions and/or nas, including, for example, dipole antennas, monopole
sampling rates. In other embodiments, discussed in more 20 antennas, loop antennas, microstrip antennas or other type of
detail below, a single-channel ADC may be used for each antenna or combination thereof suitable for reception of RF
subchannel with lower sampling rates and/or lower resolu- signals within a frequency spectrum to be received by
tions, which may help reduce cost, among other things. receiver 100.

In some embodiments, receiver 100 may determine which Although embodiments of the present invention are
subchannels of a wideband channel are being used to convey 25 described as being suitable for reception and processing of
an OFDM symbol. In these embodiments, signal detectors OFDM signals, the scope of the present invention is not
may be utilized at the output of subchannel low-pass filters limited in this respect. Other embodiments may be suitable
110, 160 to detect which of the subchannels are simulta- for receiving and processing signals having other types of
neously conveying information. Further signal processing, modulation formats.
including analog-to-digital conversion, may be refrained 30  Althoughreceiver 100 is illustrated as having several sepa-
from being performed on inactive subchannels. rate functional elements, one or more of the functional ele-

In some embodiments, RF and front-end circuitry 102 may ments may be combined and may be implemented by com-
comprise attenuator 146 in the RF signal path responsive to binations of software-configured elements, such as
subchannel selection signal 124 to attenuate the RF signal. processing elements including digital signal processors
The attenuation level may be selected on a per-subchannel 35 (DSPs), and/or other hardware elements. For example, pro-
basis to provide a normalized signal level for the analog-to- cessing elements may comprise one or more microproces-
digital conversion in circuitry 126 and 166. The use of a sors, DSPs, application specific integrated circuits (ASICs),
normalized signal level across the subchannels may allow the and combinations of various hardware and logic circuitry for
use of lower resolution analog-to-digital converters. performing at least the functions described herein.

In some embodiments, heterodyne frequency generator 40  FIGS. 2A and 2B illustrate subchannel analog-to-digital
116 comprises fixed-frequency voltage-controlled oscillator converter circuitry in accordance with some embodiments of
(VCO) 132 to generate a constant reference frequency, and a the present invention. In these embodiments, analog-to-digi-
direct digital synthesizer (DDS) 134 to generate a selected tal converter circuitry 226 may be suitable for use as analog-
one of a plurality of stepped frequencies in response to sub- to-digital converter circuitry 126 (FIG. 1), and analog-to-
channel selection signal 124. Heterodyne frequency genera- 45 digital converters 266 may be suitable for use as analog-to-
tor 116 may also comprise frequency combiner 136 to com- digital converter circuitry 166 (FIG. 1). In these
bine the reference frequency and the selected one of the embodiments, analog-to-digital converter circuitry 226 may
stepped frequencies to generate heterodyne frequency 117 to comprise a plurality of individual subchannel analog-to-digi-
downconvert RF signals within the selected subchannel to tal converters 214 for the I-phase channel components, and
baseband signals. In some embodiments, heterodyne fre- 50 analog-to-digital converter circuitry 266 may comprise a plu-
quency generator 116 may further comprise phase-locked rality of individual subchannel analog-to-digital converters
loop (PLL) synthesizer 140 and frequency divider 138 to 264 for the Q-phase channel components. Each subchannel
operate with VCO 132 to generate heterodyne frequency 117. analog-to-digital converter 214 may receive an accumulated
Other configurations for selectively generating heterodyne signal output from a corresponding one of subchannel low-
frequencies may also be suitable foruse with embodiments of 55 pass filters 110 (FIG. 1), and each subchannel analog-to-
the present invention. In some embodiments in which sub- digital converter 264 may receive an accumulated signal out-
channels are separated in frequency by approximately put from a corresponding one of subchannel low-pass filters
20-MHz, the stepped frequencies generated by DDS 134 may 160 (FIG. 1).
be in 20-MHz steps, although the scope of the invention is not In some embodiments, individual subchannel analog-to-
limited in this respect. 60 digital converters 214 and 264 may comprise at least 9-bit

In some embodiments, the frequency spectrums for a wide- analog-to-digital converters having sampling rates of at least
band channel may comprise subchannels in either a 5 GHz as great as a bandwidth of a subchannel. In some embodi-
frequency spectrum or a 2.4 GHz frequency spectrum. In ments in which the subchannels have bandwidths of approxi-
these embodiments, the 5 GHz frequency spectrum may mately 20-MHz, the sampling rate may be at least 20 MSPS.
include frequencies ranging from approximately 4.9 to 5.9 65 Although individual subchannel analog-to-digital converters

GHz, and the 2.4 GHz spectrum may include frequencies
ranging from approximately 2.3 to 2.5 GHz, although the

214 and 264 are illustrated as 11-bit individual subchannel
analog-to-digital converters, this is not a requirement and
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embodiments of the present invention may be implemented
with individual subchannel analog-to-digital converters hav-
ing lower or greater resolutions.

The resolutions of individual subchannel analog-to-digital

8

ciated amplifiers 412 for the I-phase channel components,
and analog-to-digital converter circuitry 466 may comprise a
plurality of individual subchannel analog-to-digital convert-
ers 464 and associated amplifiers 462 for the Q-phase channel

converters 214 and 264 may be estimated from the modula- 5 components. Each subchannel analog-to-digital converter
tion order and the number of subcarriers of a subchannel. In 414 may receive an amplified accumulated signal output from
the case of 64-QAM modulation, for each of the subcarriers, a corresponding one of subchannel low-pass filters 110 (FIG.
at least three bits of resolution for each I and Q component 1), and each subchannel analog-to-digital converter 464 may
may be required. When a subchannel includes forty-eight receive an amplified accumulated signal output from a corre-
data subcarriers, six additional bits of resolution may be 10 sponding one of subchannel low-pass filters 160 (FIG. 1).
required (e.g., the ceiling of base 2 log of 48). Accordingly, in In accordance with some embodiments, amplifiers 412 and
this example, approximately nine bits of resolution may be 462 may amplify the accumulated signal outputs based on
provided by each of individual subchannel analog-to-digital gain control signals 402 for each subchannel. In these
converters 214 and 264. Additional resolution may be added embodiments, an attenuator in the RF signal path, such as
for improved noise handling, and a soft decision capability 15 attenuator 146 (FIG. 1), is not necessarily required because
may also be added for decoding. In general, a conventional the gain of amplifiers 412 and 462 may be set to provide a
“single” channel receiver, which may process a wideband normalized signal level to the analog-to-digital converters.
channel as a single channel, may require an additional 2-bit In some embodiments, the individual subchannel analog-
(four times) resolution to achieve similar accuracy. This may to-digital converters 414 and 464 may comprise at least 9-bit
be significantly more expensive. 20 analog-to-digital converters having sampling rates of at least
In some embodiments, an attenuation level provided by an as great as a bandwidth of a subchannel. In some embodi-
attenuator, such as attenuator 146 (FIG. 1), may be selected ments in which the subchannels have bandwidths of approxi-
on a per-subchannel basis to provide a normalized signal level mately 20-MHz, the sampling rate of the analog-to-digital
for the selected subchannel filter and a corresponding one of converters may be at least approximately 20 MSPS. The use
the subchannel analog-to-digital converters 214 and 264. The 25 of gain control signals 402 to normalize the output may allow
normalized subchannel signal levels may allow the use of the use of lower resolution analog-to-digital converters.
lower resolution analog-to-digital converters. Although individual subchannel analog-to-digital converters
The use of individual subchannel analog-to-digital con- 414 and 464 are illustrated as having a resolution of 11-bits,
verters, instead of a single analog-to-digital converter, such as this is not a requirement. Individual subchannel analog-to-
whole-channel analog-to-digital converters 114 (FIG. 1) and 30 digital converters 414 and 464 with greater and lesser reso-
164 (FIG. 1), may allow the use of analog-to-digital convert- lutions may also be suitable.
ers with lower sampling rates and/or lower resolutions. This FIG. 5 illustrates RF and front-end circuitry in accordance
may help significantly reduce manufacturing costs. with some embodiments of the present invention. RF and
FIG. 3 illustrates a heterodyne frequency generator in front-end circuitry 502 may be suitable for use as RF and
accordance with some embodiments of the present invention. 35 front-end circuitry 102 (FIG. 1), although other circuitry may
Heterodyne frequency generator 316 may be suitable for use also be suitable. In these embodiments, a receiver, such as
as heterodyne frequency generator 116 (FIG. 1), although receiver 100 (FIG. 1), may utilize more than one of spatially-
other heterodyne frequency generators may also be suitable. diverse antennas 542 to “divide” a single subchannel into one
Heterodyne frequency generator 316 comprises a plurality of ormore spatial channels. In some embodiments, each antenna
individual heterodyne frequency generators 302, each of 40 542 may receive signals from one spatial channel. In some
which may include fixed-frequency voltage-controlled oscil- embodiments, each spatial channel may be used to commu-
lator (VCO) 332. Each fixed-frequency voltage-controlled nicate separate or independent data streams on the same sub-
oscillator 332 may generate a single heterodyne frequency for carriers as the other spatial channels, allowing the reception
downconverting a particular subchannel. Heterodyne fre- of additional data without an increase in frequency band-
quency generator 316 may also comprise subchannel hetero- 45 width. In other embodiments, each spatial channel may be
dyne switch 304 to select a heterodyne frequency from one of used to communicate the same data as the other spatial chan-
individual heterodyne frequency generators 302 in response nels. In these embodiments, the use of spatial channels may
to subchannel selection signal 324. In some embodiments, take advantage of the multipath characteristics of a particular
subchannel selection signal 324 may correspond to subchan- subchannel. In some embodiments, the spatial channels may
nel selection signal 124 (FIG. 1). 50 be non-orthogonal channels (e.g., may overlap in frequency
In some embodiments, each of individual heterodyne fre- and or time) and in some embodiments, each spatial channel
quency generators 302 may comprise phase-locked loop syn- may use the same subcarriers as the other spatial channels.
thesizer 340 and frequency divider 338 to operate with volt- In some embodiments, an OFDM symbol may be received
age-controlled oscillator 332 to generate the heterodyne over a single subchannel comprising a plurality of spatial
frequency. Other configurations for selectively generating 55 channels. Each spatial channel may comprise the same set of
heterodyne frequencies are also suitable for use with embodi- orthogonal subcarriers. In some embodiments, a single sub-
ments of the present invention. channel may have a bandwidth of approximately 20-MHz,
FIGS. 4A and 4B illustrate subchannel analog-to-digital although the scope of the invention is not limited in this
converter circuitry with corresponding amplifiers in accor- respect.
dance with some embodiments of the present invention. In 60  In some embodiments, RF circuitry 502 may comprise
these embodiments, analog-to-digital converter circuitry 426 antenna selection switch 540 to select one of antennas 542 in
may be suitable for use as analog-to-digital converter cir- response to spatial channel selection signal 524. In these
cuitry 126 (FIG. 1), and analog-to-digital converter circuitry embodiments, which may be referred to as open-loop mul-
466 may be suitable for use as analog-to-digital converter tiple-input, multiple-output (MIMO) embodiments, each of
circuitry 166 (FIG. 1). In these embodiments, analog-to-digi- 65 antennas 542 may correspond to one of the spatial channels.

tal converter circuitry 426 may comprise a plurality of indi-
vidual subchannel analog-to-digital converters 414 and asso-

In some embodiments, circuitry 502 may filter the RF signals
received through antennas 542 with an associated one of
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band-pass filters (BPFs) 544, although the scope of the inven-
tion is not limited in this respect. In some embodiments, each
of subchannel low-pass filters 110 (FIG. 1) may be associated
with one of the spatial channels, and each of subchannel

10
T and Q channel components, respectively), and the baseband
signals from the third subchannel are filtered.
In the next filter-input sampling subinterval 622 (i.e., from
37.5 ns to 50 ns), signal 612 may be downconverted to base-

low-pass filters 160 (FIG. 1) may also be associated withone 5 band using a controlled heterodyne, and both I and Q sub-
of the spatial channels. In these embodiments, the individual channel filter selection switches 108 and 158 may connect
subchannel low-pass filters may accumulate signal informa- their outputs to a fourth subchannel low-pass filter (for both
tion from a particular spatial channel during a filter-input the I and Q channel components, respectively), and the base-
sampling interval. Spatial chmel sel.ection signal 524 may band signals from the fourth subchannel are filtered.
correspond to subchanne! select.lon signal 124 (FIG. 1) and 10 This process may be performed for each subchannel and is
may cause antenna selection switch 540 to select an antenna o limited to the example of four subchannels. This process
for receiving each spatial channel during the filter-input sam- 5y 4150 be repeated at least as often as the inverse of the
pling interval. . . bandwidth of a subchannel, although the scope of the inven-
In some embodiments, which may be referred to as closed- tion is not limited in this respect.
loop MIMO embodiments, the spatial channels may be 15 Wideband signal processing with a synchronous switchin
orthogonal spatial channels, and a one-to-one correspon- : gna’p 5 4 g
dence between antennas 542 and spatial channels is not ofhete?rodyne frequency and subchannel low-pa.s s filters may
ired. Tn these embodiments, the orthogonal spatial chan- resplt in the subchannel lqw-pass filter output §1gna1 level to
;‘chl;m;a}} be generated with beam forming techniques at the be just about the. same as if it were obtained using a separate
transmitter, and received using beamforming techniques at 20 subchannel receiver for each subchannel normalized for the
the receive; In these embodiments, DSP 120 (FIG. 1) may be associated subchannel. In some cases when there are four
configured io perform receiving béam forming to éxtract}’the subchannels, thfe subchannel low-pass filter output level may
information from the orthogonal spatial channels, which can gi abgut four-tlme]s less‘thaln thioﬁtput %evel c.)f a lobw-pass
be referred to as orthogonalization of spatial channels. The b e anf equlllva feILt Sihg e] suveranie recelvler, de{)caulsle
use of orthogonal spatial channels may help reduce crosstalk 25 a to)u}tl one—] cl)urt of ﬁehmgni. teélergy N gccur]ntu ated by tt~ ¢
between spatial channels in comparison with open-loop Suov AT "ow-pass [LIers. LtHe Or 1o signa "o-Holse fato
embodiments (SNR) degradation may occur, because the noise power may
In some embodiments, a heterodyne frequency generator ZLSO E:hreduced byfa factp y i)f ab]j u}tl fouri keepmg t})e SNR
may provide a single heterodyne frequency to convert RF a 0;1 di © same Ifshor 2 Sige stioe lanfle recel;ler. ! Songe
signals of the single frequency subchannel to baseband sig- 30 embo 1men:isbo the %r.esen(tkip\./enu]on,‘p %er y ossbn}1lay ei
nals. The spatial channel low-pass filters may accumulate 1compensa§clet ylplr(()) Vlljllélgla 11(;01116210 g;}ré elorg.su Ct ar:‘nzeﬁ
signal information for a corresponding one of the spatial (%\;V(—}pis‘:) arféscircui(try 466)5311G 4B)( illus.trz)i't o el)r(calrllll;‘i/es of
channels during the appropriate filter-input sampling interval. this éllthough the scope of the inv.ention is not limited in this
d FIGS. ?IA, 6B am%b 631 illustrat;: Eming diagrams in accor- resl;ect
ance with some embodiments of the present invention. FIG. 35 ) . .
6A qualitatively depicts two consecl:nive 50 ns sampling Although ﬁlter—mput sampl}ng intervals 60.2 and 6(.)4 are 30
intervals. Each 50 ns time interval may be a filter-input sam- ns intervals 11_1u§trated as haymg four sgn}phng sublntewa!s
pling interval and may include a sampling subinterval for of 12.5 ns, this is not a requirement as it illustrates embodJ-
each subchannel. First filter-input sampling interval 602 may ments hgvmg four 20-MHz bandyvldth subchannels COIPpIiS-
be at the end of a current OFDM symbol, and filter-input 40 18 @ Wldeband channel of having an SO_MH? band.wgith.
sampling interval 604 may be at the beginning of a next Acco.rdlngly, the scope of the present invention is not limited
OFDM symbol. In this example, receiver 100 (FIG. 1) may in this respect. In some embodiments, the lengtl} of intervals
receive four signals 606, 608, 610 and 612 from four sub- 602 and 604 dep_e nd on_the subchannel bandwidth, and the
channels simultaneously. Signal 614 illustrates the sum of number of samphng sgblntervals may depend on the number
signals 606, 608, 610 and 612, which may be viewed as the 45 of subchannels in a wideband channel.
overall signal coming on a wideband channel (which is FIG. 6B illustrates attenuator signal output in accordance
80-MHz in this example). with some embodiments of the present invention. Signal lev-
Signal 606 during filter-input sampling subinterval 616 els received on different subchannels may have different aver-
(i.e., from O ns to 12.5 ns) may be downconverted to baseband age power levels, which may result in different signal levels at
using a controlled heterodyne frequency. During sampling so the output of the subchannel low-pass filters. Higher resolu-
subinterval 616, both I and Q subchannel filter selection tion analog-to-digital converters are generally required to
switches 108 and 158 may connect their outputs respectively ~ digitize suchsignals. Higher resolution analog-to-digital con-
to a first subchannel low-pass filter (for both the I and Q verters tend to be very expensive. In some embodiments, a
channel components, respectively) and the baseband signals ~ per-subchannel automatic gain control may be implemented
from the first subchannel are filtered. ss with an attenuator, such as attenuator 146 (FIG. 1). As illus-
In next filter-input sampling subinterval 618 (i.e., from  trated in FIG. 6B, attenuator output signal 624 during sub-
12.5 ns to 25 ns), signal 608 may be downconverted to base- interval 616 may provide an attenuation level to normalize the
band using a controlled heterodyne, and both I and Q sub- input signal to a first subchannel low-pass filter to within the
channel filter selection switches 108 and 158 may connect ~ dynamic range of a subsequent analog-to-digital converter.
their outputs to a second subchannel low-pass filter (for both 0 During subinterval 618, the attenuator output signal may be
the I and Q channel components, respectively), and the base- changed based on the signal level from the next subchannel.
band signals from the second subchannel are filtered. This process may be performed during a filter-input sampling
In the next filter-input sampling subinterval 620 (i.e., from interval for each subchannel and may provide a more normal-
25 ns to 37.5 ns), signal 610 may be downconverted to base- ized output for analog-to-digital conversion, allowing the use
band using a controlled heterodyne, and both I and Q sub- 65 ©f lower resolution analog-to-digital converter circuitry.

channel filter selection switches 108 and 158 may connect
their outputs to a third subchannel low-pass filter (for both the

In alternate embodiments, instead of a selectable attenua-
tor in the RF signal path, baseband amplifiers with automatic
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gain control may be provided before the subchannel low-pass
filters. An example of this is illustrated in FIGS. 4A and 4B.
FIG. 6C illustrates baseband signal inputs to subchannel
low-pass filters in accordance with embodiments of the

12

digital conversion circuitry 126 (FIG. 1) for the I-channel
component, and analog-to-digital conversion circuitry 166
(FIG. 1) for the Q-channel component, although the scope of
the invention is not limited in this respect. In some embodi-

present invention. Baseband signal inputs 626, 628, 630 and 5 ments, operation 710 may perform an analog-to-digital con-
632 may correspond respectively to subchannel signals 606, version on the accumulated signal output of the first subchan-
608, 610 and 612 received respectively during sampling sub- nel low-pass filter during a filter-output sampling interval.
intervals 616, 618, 620 and 622. As illustrated, baseband Operation 712 generates the subchannel filter input selec-
signal inputs 626, 628, 630 and 632 may be normalized to tion signal to switch to a next subchannel, and operations 704
within the range of a subsequent analog-to-digital converter. 10 through 708 may be repeated for the next subchannel. The
Subchannel signals 606, 608, 610 and 612 are also illustrated subchannel selection signal may be generated by a system
as being sampled respectively during sampling subintervals controller, such as system controller 122 (FIG. 1), although
634, 636, 638 and 640 of next interval 604 at the beginning of the scope of the invention is not limited in this respect. Opera-
the next OFDM symbol. In some embodiments, the sampling tions 704 through 708 may be performed for each subchannel
for a subchannel may be repeated at least as often as the 15 during the subchannel input sampling interval. Operation
inverse of a bandwidth of a subchannel, although the scope of 710, on the other hand, may be performed for each subchan-
the present invention is not limited in this respect. The filter- nel for each filter-output sampling interval. The filter-input
input sampling interval may be selected to help assure that sampling interval and the subchannel output sampling inter-
signal information from the subchannels is not lost during the val may be at least as great as the inverse of subchannel
sampling of the other subchannels. In the examples illustrated 20 bandwidth. In the case of 20-MHz subchannels, these sam-
in FIGS. 6A, 6B and 6C with 20-MHz subchannels, a sam- pling intervals may occur less than about every 50 ns, allow-
pling interval may occur for each subchannel at least once ing operations 704 through 710 to be performed for each
every 50 ns, although the scope of the invention is not limited subchannel, at least once every 50 ns. Although subchannel
in this respect. input sampling interval and the subchannel output sampling
FIG. 7 is a flow chart of a signal reception procedure in 25 interval may be equal, nothing requires this. Subchannel out-
accordance with some embodiments of the present invention. put sampling interval may be based on a multiple of the
Procedure 700 may be performed by a receiver, such as subchannel bandwidth to allow FFT processing. Subchannel
receiver 100 (FIG. 1) to receive an OFDM symbol over one or input sampling interval may be selected to, among other
more subchannels comprising a wideband channel. things, decrease unwanted impulse disturbances from the RF
In operation 702, RF circuitry of a receiver may simulta- 30 portion of receiver 100 (FIG. 1) to the ADCs and the DSP.
neously receive RF signals over one or more subchannels. Once enough samples are received, operation 714 per-
Operation 702 may be performed by RF circuitry 102 (FIG. forms an FFT on the digital signals generated from the sub-
1), although the scope of the invention is not limited in this channels (and for both the I and Q channel components) to
respect. demodulate an OFDM symbol for subsequent use in gener-
Inoperation 704, a heterodyne frequency may be generated 35 ating a decoded bit stream. Operation 714 may be performed
to downconvert the RF signals in the first subchannel to by DSP 120 (FIG. 1), although the scope of the invention is
baseband. The proper heterodyne frequency may be gener- not limited in this respect.
ated for the first subchannel in response to a subchannel In some embodiments, procedure 700 may further com-
selection signal which may select the first subchannel. In prise selecting an attenuation level in response to the sub-
some embodiments, baseband signals for an I-channel and 40 channel selection signal to provide a normalized baseband
Q-channel may be generated. Operation 704 may be per- signal level at the inputs of the subchannel low-pass filters. In
formed by heterodyne frequency generator 116 (FIG. 1), other embodiments, procedure 700 may further comprise
although the scope of the invention is not limited in this providing a gain control signal to baseband amplifiers to
respect. normalize the baseband signal level inputs of the subchannel
In operation 706, the baseband signals may be provided to 45 low-pass filters.
a subchannel low-pass filter associated with the first subchan- In some other embodiments, procedure 700 may be per-
nel. A subchannel filter selection switch may be responsive to formed by a receiver to receive an OFDM symbol over a
the subchannel filter input selection signal to provide the single subchannel comprising a plurality of spatial channels.
baseband signal to the proper subchannel low-pass filter. In these embodiments, each of a plurality of spatially diverse
Operation 706 may be performed by subchannel filter selec- 50 antennas may receive signals from one spatial channel. In
tion switches 108 and 158 (FIG. 1), although the scope of the some embodiments, each spatial channel may be used to
invention is not limited in this respect. communicate separate or independent data streams on the
In operation 708, the selected subchannel low-pass filter same subcarriers as the other spatial channels, allowing the
may accumulate signal information from the baseband signal reception of additional data without an increase in frequency
during a portion of a filter-input sampling interval. During the 55 bandwidth. In other embodiments, each spatial channel may
filter-input sampling interval time, the selected subchannel be used to communicate the same data as the other spatial
low-pass filter may update its state. Operation 708 may be channels.
performed during a portion of the filter-input sampling inter- Although the individual operations of procedure 700 are
val which may be repeated at least as often as the inverse of illustrated and described as separate operations, one or more
the subchannel bandwidth. Operation 708 may be performed 60 of the individual operations may be performed concurrently,
by one of subchannel low-pass filter 110 (FIG. 1) for the and nothing requires that the operations be performed in the
I-channel component, and one of subchannel low-pass filters order illustrated.
160 (FIG. 1) for the Q-channel component, although the Embodiments of the invention may be implemented in one
scope of the invention is not limited in this respect. or a combination of hardware, firmware and software.
Operation 710 performs an analog-to-digital conversionon 65 Embodiments of the invention may also be implemented as

the accumulated signal output of the first subchannel low-
pass filter. Operation 710 may be performed by analog-to-

instructions stored on a machine-readable medium, which
may be read and executed by at least one processor to perform
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the operations described herein. A machine-readable medium
may include any mechanism for storing or transmitting infor-
mation in a form readable by a machine (e.g., a computer).
For example, a machine-readable medium may include read-

14

4. The quasi-parallel wideband receiver of claim 1 further
comprising a plurality of subchannel analog-to-digital con-
verters, the subchannel analog-to-digital converters to receive
an accumulated signal output from a corresponding one of the

only memory (ROM), random-access memory (RAM), mag- 5 subchannel low-pass filters.
netic disk storage media, optical storage media, flash- 5. The quasi-parallel wideband receiver of claim 4 further
memory devices, electrical, optical, acoustical or other form comprising an attenuator in a radio-frequency signal path
of propagated signals (e.g., carrier waves, infrared signals, responsive to the subchannel selection signal to attenuate the
digital signals, etc.), and others. radio-frequency signal and provide a normalized signal level
The Abstract is provided to comply with 37 C.F.R. Section 10 for the selected subchannel filter and a corresponding one of
1.72 (b) requiring an abstract that will allow the reader to the subchannel analog-to-digital converters.
ascertain the nature and gist of the technical disclosure. It is 6. The quasi-parallel wideband receiver of claim 1 wherein
submitted with the understanding that it will not be used to the heterodyne frequency generator comprises:
limit or interpret the scope or meaning of the claims. a fixed-frequency voltage-controlled oscillator to generate
In ﬂle foregoing detailed de.scripFion, Van'ous~ features are 15 a reference frequency;
occasionally gr oup.eq together mna single en}bod]ment for the adigital synthesizer to generate a selected one of a plurality
purpose of streamlining the disclosure. This method of dis- of stepped frequencies in response to a subchannel
closure is not to be interpreted as reflecting an intention that selection signal; and
the claimed embodiments of the subject matter require more a frequency combiner to combine the reference frequency
features than are expressly recited in each claim. Rather, as 20 and the selected one of the stepped frequencies to gen-
the following ~claimsh reflect, inventi‘on lies in less than all erate one of the plurality of heterodyne frequencies.
.featureg of a single dlS.CIOSed emboc.ilment Thu§ the fOHO.W' 7. The quasi-parallel wideband receiver of claim 1 wherein
ing clal.ms are here.by 1ncorporated. into the detailed descrip- the heterodyne frequency generator comprises:
tion, with each claim standing on its own as a separate pre- a plurality of fixed-frequency voltage-controlled oscilla-
ferred en.lbodl‘mentl ) 23 tors, each fixed-frequency voltage-controlled oscillator
What is clf"umed s . L. to generate a corresponding one of the plurality of het-
N 1. A qua51-1?arz:ille?l wlldebandlrecelvell; tho recc;:lvef mgr};ls erodyne frequencies; and
{) at;rehtr ansgm}tlte Simu Faneous ly 0111.su Cf an}ljlehs 0 a1W1 ; R a subchannel heterodyne switch to select a heterodyne
and anIlllelt at comprises a p u.ra ity ol subchannels, the frequency from one of the fixed-frequency voltage-con-
quast-paraliel Iecelver Comprising: . 30 trolled oscillators in response to a subchannel selection
a plurality of subchannel low-pass filters, each associated signal
with one of the subchapne]s; . . . 8. The ql.lasi-parallel wideband receiver of claim 1 further
a subchannel filter selection switch having a plurality of comprising:
outputs, wherein each output is coupled to an input of . aplurality of subchannel analog-to-digital converters, the
one of the subchannel low-pass filters, the subchannel 35 . .
. o subchannel analog-to-digital converters to receive an
filter selection switch is to select a subchannel low-pass . .
. . . accumulated signal output from a corresponding one of
filter associated with one of the outputs during a filter- .
. .. f the subchannel low-pass filters; and
input sampling interval to provide an analog baseband . . .

- a plurality of subchannel amplifiers to amplify the accu-
signal to the selected one of the subchannel low-pass . . .
filters: and 0 mulated signal outputs based on a gain control signal,

’ . the gain control signal being generated for each sub-
a heterodyne frequency generator to provide one of a plu- h 1
rality of heterodyne frequencies to convert a radio-fre- N Z annet. L
quency signal received within a selected subchannel to - £} IECEIVEr comprising: . .
the analog baseband signal, a subchannel filter selection switch to provide a baseband
wherein the subchannel low-pass filters are to accumulate 45 signal to a se]ﬁected one of a plurality of subchannel
signal information from an associated one of a plurality low-pass filters; .
of subchannels during the filter-input sampling interval a heterodyne frequency generator to provide one of a plu-
that is to occur at least as often as an inverse of a band- rality of heterodyne frequencies to convert a radio-fre-
width of a subchannel. quency signal received within a selected subchannel to
2. The quasi-parallel wideband receiver of claim 1 further 50 the baseband signal; and o
comprising radio-frequency circuitry to receive orthogonal a system controller to generate a subch.annel sglectlon s1g-
frequency division multiplexed signals in the wideband chan- Eal fog the fsubchannel filter selection switch and the
nel, eterodyne frequency generator,
wherein each subchannel low-pass filter corresponds to wherein the subchannel low-pass filters are to accumulate
one of the plurality of subchannels, 55 signal information from an associated one of a plurality
wherein the subchannels have a subchannel bandwidth, of subchannels during a filter-input sampling interval,
and wherein the selected one of the subchannel low-pass filters
wherein the subchannel low-pass filters have a filter band- corresponds to the selected subchannel of the plurality
width of approximately half the subchannel bandwidth. of subchannels,
3. The quasi-parallel wideband receiver of claim 1 further 60  Wwherein the heterodyne frequency generator is responsive
comprising: to the subchannel selection signal to generate one of the
a whole-channel analog-to-digital converter; and heterod.yn.e frequencies to convert radio-frequency sig-
a subchannel filter output selection switch responsive to a nals within a corresponding one of the subchannels
subchannel filter output selection signal to provide an within the filter-input sampling interval,
accumulated signal output from the selected subchannel 65  wherein the subchannel filter selection switch is responsive

low-pass filter to the whole-channel analog-to-digital
converter.

to the subchannel selection signal to switch between the
subchannel low-pass filters, and
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wherein the filter-input sampling interval is to occur at least
as often as the inverse of a bandwidth of a subchannel.
10. A receiver comprising:
a plurality of subchannel low-pass filters;

16
ter-input sampling interval, the sampling interval being
at least as great as the inverse of the bandwidth of the
subchannels.
12. A receiver comprising:

a subchannel filter selection switch to provide an analog 3 radio-frequency circuitry to receive signals over a single
baseband signal to a selected one of the subchannel subchannel comprising a plurality of spatial channels;
low-pass filters; and a subchannel filter selection switch to provide a baseband

a heterodyne frequency generator to provide one of a plu- signal to a selected one of a plurality of subchannel
rality of heterodyne frequencies to convert a radio-fre- low-pass filters; and
quency signal received within a selected subchannel to 10 4 heterodyne frequency generator to provide one of a plu-
the analog baseband signal, rality of heterodyne frequencies to convert a radio-fre-

wherein the subchannel low-pass filters are to accumulate quency signal received within a selected subchannel to
signal information from an associated one of a plurality the baseband signal,
of subchannels during a filter-input sampling interval, wherein the subchannel low-pass filters are to accumulate

. . . 15 . . . . .
wherein the receiver further comprises: signal information from an associated one of a plurality

a whole-channel analog-to-digital converter; and of subchannels during a filter-input sampling interval,

a subchannel filter output selection switch responsive to a wherein the radio-frequency circuitry is to receive signals
subchannel filter output selection signal to provide an over a single subchannel comprising a plurality of spa-
accumulated signal output from the selected subchannel tial channels,
low-pass filter to the whole-channel analog-to-digital wherein the radio-frequency circuitry comprises an
converter, antenna selection switch to select one of a plurality of

wherein a wideband channel comprises up to four of the antennas corresponding to one of the spatial channels,
subchannels, the subchannels having bandwidths of wherein each subchannel low-pass filter corresponds to
approximately 20-MHz, 25 one of the spatial channels,

wherein the whole-channel analog-to-digital converter wherein the heterodyne frequency generator is to provide a
comprises at least a 9-bit analog-to-digital converter single heterodyne frequency to convert radio-frequency
having a sampling rate of at least as great as a bandwidth signals of the single subchannel to baseband signals, and
of the wideband channel, wherein the subchannel low-pass filters are to accumulate

and wherein the heterodyne frequency generator is to gen- 30 signal information for a corresponding one of the spatial
erate heterodyne frequencies during a filter-input sam- channels.
pling interval for each subchannel, the filter-input sam- 13. The receiver of claim 12 further comprising:
pling interval being at least as great as the inverse of the a plurality of spatial channel analog-to-digital converters,
bandwidth of the subchannels, and the spatial channel analog-to-digital converters to

wherein the subchannel filter output selection switch 35 receive an accumulated signal output from a correspond-
responsive to the subchannel filter output selection sig- ing one of the subchannel low-pass filters; and
nal provides accumulated signal outputs from each of a digital signal processor to perform fast Fourier trans-
the subchannel low-pass filters to the whole-channel forms on bit streams from the spatial channel analog-to-
analog-to-digital converter once for each filter-output digital converters and to generate a parallel group of
sampling interval, the filter-output sampling interval 40 time-domain samples for each of a plurality of symbol-
being at least as great as the inverse of the bandwidth of modulated subcarriers that comprise the single subchan-
the subchannels. nel.

11. A receiver comprising: 14. The receiver of claim 13 wherein the subchannels com-

a plurality of subchannel low-pass filters; prise a plurality of symbol-modulated orthogonal subcarriers,

a subchannel filter selection switch to provide an analog 4 and
baseband signal to a selected one of the subchannel wherein each orthogonal subcarrier of a corresponding
low-pass filters; subchannel has a null at substantially a center frequency

a heterodyne frequency generator to provide one of a plu- of other subcarriers of the corresponding subchannel.
rality of heterodyne frequencies to convert a radio-fre- 5 15 The receiver of claim 14 wherein prior to reception by
quency signal received within a selected subchannel to the receiver, the subcarriers are to be individually modulated
the analog baseband signal; and in accordance with an individual subcarrier modulation

a plurality of subchannel analog-to-digital converters, the assignment comprising one of no modulation, binary phase
subchannel analog-to-digital converters to receive an shift keying (BPSK), quadrature phase shift keying (QPSK),
accumulated signal output from a corresponding one of 55 8PSK, 16-quadrature amplitude modulation (16-QAM),

the subchannel low-pass filters,
wherein the subchannel low-pass filters are to accumulate
signal information from an associated one of a plurality
of subchannels during a filter-input sampling interval,
wherein the subchannels have bandwidths of approxi-
mately 20-MHz,
wherein the subchannel analog-to-digital converters com-
prise at least 9-bit analog-to-digital converters having
sampling rates of at least as great as a bandwidth of the
subchannel, and 65
wherein the heterodyne frequency generator is to generate
heterodyne frequencies or each subchannel during a fil-

32-QAM, 64-QAM, 128-QAM, and 256-QAM.

16. A method for receiving signals that are transmitted
simultaneously on subchannels of a wideband channel that
comprises a plurality of subchannels, the method comprising:

selecting with a subchannel filter selection switch one of a

plurality of subchannel low-pass filters based on a
selected subchannel of the plurality;

providing an analog baseband signal to the selected sub-

channel low-pass filter during a filter-input sampling
interval, the filter-input sampling interval to occur at
least as often as an inverse of a bandwidth of a subchan-
nel;
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accumulating signal information from the selected sub-
channel during the filter-input sampling interval in an
associated subchannel low-pass filter;

repeating the selecting, the providing, and the accumulat-

18

vert radio-frequency signals within a corresponding one
of the subchannels within the filter-input sampling inter-
val; and

switching between the subchannel low-pass filters in

ing for others of the subchannels during the filter-input 5 response to the subchannel selection signal.
sampling interval; and 22. The method of claim 21 wherein the subchannel selec-
performing an analog to digital conversion on the accumu- tion signal is generated to provide the filter-input sampling
lated signal information from the plurality of subchan- interval at least as often as the inverse of a bandwidth of a
nels to generate digital signals; and subchannel.
performing a fast Fourier transform on the digital signalsto 10 23. The method of claim 21 further comprising:
generate a received orthogonal frequency division mul- receiving an accumulated signal output from a correspond-
tiplexed symbol. ing one of the subchannel low-pass filters; and
17. The method of claim 16 further comprising: performing an analog-to-digital conversion on the accu-
providing, during the filter-input sampling interval, one of mulated signal output.
a plurality of heterodyne frequencies to convert aradio- 15 24. The method of claim 23 further comprising:
frequency signal received within the selected subchan- attenuating, in response to the subchannel selection signal,
nel to the baseband signal. the radio-frequency signals to provide a normalized sig-
18. The method of claim 17 further comprising: nal level for the selected subchannel filter and to perform
generating a constant reference frequency; an analog-to-digital conversion on the accumulated sig-
generating, with a digital synthesizer, a selected one of a 20 nal output.
plurality of stepped frequencies in response to a sub- 25. A system comprising:
channel selection signal; and a substantially omnidirectional antenna;
combining the reference frequency and the selected one of a subchannel filter selection switch to provide a baseband
the stepped frequencies to generate one of the plurality signal to a selected one of a plurality of subchannel
of heterodyne frequencies. 25 low-pass filters;
19. The method of claim 17 further comprising: a heterodyne frequency generator to provide one of a plu-
individually amplifying the accumulated signal outputs rality of heterodyne frequencies to convert a radio-fre-
based on a gain control signal for each subchannel. quency signal received within a selected subchannel to
20. The method of claim 17 further comprising: the baseband signal; and
receiving, with a plurality of spatially diverse antennas, an 30  a system controller,
orthogonal frequency division multiplexed symbol over wherein the subchannel low-pass filters are to accumulate
a single subchannel comprising a plurality of spatial signal information from an associated one of a plurality
channels; and of subchannels during a filter-input sampling interval,
generating an antenna selection signal to select one of the wherein the system controller is to generate a subchannel
antennas corresponding to one of the spatial channels, 35 selection signal for the subchannel selection switch and
wherein each subchannel low-pass filter corresponds to the heterodyne frequency generator,
one of the spatial channels, wherein the selected one of the subchannel low-pass filters
wherein the heterodyne frequency generator provides a corresponds to the selected subchannel of the plurality
single heterodyne frequency to convert radio-frequency of subchannels,
signals ofthe single subchannel to baseband signals,and 40  wherein the heterodyne frequency generator is responsive
wherein the subchannel low-pass filters accumulate signals to the subchannel selection signal to generate one of the
for a corresponding one of the spatial channels. heterodyne frequencies to convert RF signals within a
21. A method comprising: corresponding one of the subchannels within the filter-
accumulating signal information from a selected one of a input sampling interval,
plurality of subchannels during a filter-input sampling 45  wherein the subchannel selection switch is responsive to
interval in an associated subchannel low-pass filter; the subchannel selection signal to switch between the
repeating the accumulating for others of the subchannels subchannel low-pass filters, and
during the filter-input sampling interval; wherein the filter-input sampling interval is to occur at least
performing a fast Fourier transform on digital signals gen- as often as the inverse of a bandwidth of a subchannel.
erated from the accumulated signal informationfromthe 50  26. The system of claim 25 further comprising:
plurality of subchannels to generate a received orthogo- a plurality of subchannel analog-to-digital converters, the
nal frequency division multiplexed symbol; subchannel analog-to-digital converters to receive an
providing a baseband signal to a selected one of a plurality accumulated signal output from a corresponding one of
of subchannel low-pass filters during the filter-input the subchannel low-pass filters; and
sampling interval; 55 anattenuator in a radio-frequency signal path responsive to
providing, during the filter-input sampling interval, one of the subchannel selection signal to attenuate the radio-
a plurality of heterodyne frequencies to convert a radio- frequency signal and provide a normalized signal level
frequency signal received within the selected subchan- for the selected subchannel filter and a corresponding
nel to the baseband signal; one of the subchannel analog-to-digital converters.
generating a subchannel selection signal to responsively 60

provide one of the heterodyne frequencies to downcon-

£ * * * *
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