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CHARACTERIZING A BROADBAND
WIRELESS CHANNEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims a benefit of priority under 35
U.S.C. §119 to Provisional Application No. 61/858,248 filed
on Jul. 25, 2013, which is fully incorporated herein by refer-
ence in its entirety.

TECHNICAL FIELD

This disclosure relates generally to systems and methods
for characterizing a broadband wireless channel. Specifically,
this disclosure relates to characterizing a radio frequency
(RF) channel response in frequency and time at a subcarrier
basis.

BACKGROUND

In wireless communications, channel characterization
refers to the channel properties of a communication link. The
channel properties include information associated with how a
signal propagates from a transmitter to a receiver. The chan-
nel properties may include information such as scattering,
fading, power decay, etc. that may be responsive to the envi-
ronment between the transmitter and the receiver. Because
different environments have different topologies and ele-
ments that cause signals to propagate differently, wireless
networks require knowledge of a channel’s properties to
effectively transmit signals across a channel.

Conventionally to determine a channel’s properties, mea-
surements of the channel response in terms of average power
are determined over the channel. Determining the average
power over the entire channel is very time consuming and
requires expensive equipment that is not economically effi-
cient or capable with drive tests.

Accordingly, needs exists for improved methods and sys-
tems for determining a channel’s characteristics.

SUMMARY

Embodiments disclosed herein provide systems and meth-
ods configured to determine a channel’s characteristics based
on a channel’s response in frequency and time at a subcarrier
basis. The channel’s characteristics may be utilized to deter-
mine:

The best cell deployment location in terms of RF unifor-

mity,

A cyclic prefix length

The number of antennas to be deployed to best explore

MIMO capabilities, and/or

The antenna configuration adjustment to maximize un-

correlation.

In embodiments, an orthogonal frequency division multi-
plexing (OFDM) transmitter may transmit OFDM signals
over a channel’s bandwidth. The transmitted OFDM signal
may be utilized to characterize the properties of the RF chan-
nel. In embodiments, the transmitted OFDM signal may only
include synchronization signals and/or pilot signals. In other
embodiments, the transmitted signal may be a conventionally
transmitted OFDM signal.

A transmitted OFDM signal may be comprised of orthogo-
nal subcarriers, including designated reference or pilot sig-
nals (referred to hereinafter as “pilot signals). The pilot sig-
nals may include information configured to determine
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channel variation within the frames of the transmitted OFDM
signal. In embodiments, the frames of the transmitted OFDM
signal may have a specific duration that may be determined by
empirical evidence or any desired period of time.

In embodiments, the environment associated with RF
channel between the transmitted and a receiver may distort
the transmitted OFDM signal. For example, buildings, trees,
mountains, etc. may distort the transmitted OFDM signal,
such that each transmitted OFDM signal may have a different
channel response based on the location of the transmitter
and/or the receiver.

Inembodiments, a software defined receiver (SDR) may be
configured to receive the transmitted OFDM signal over the
channel. Responsive to receiving the transmitted OFDM sig-
nal, the SFR may digitize the received OFDM signal, process
the OFDM signal utilizing a Fast Fourier Transform (FFT),
and synchronize the transformed signal at the frame and
symbol level to determine Q and I components of each sub-
carrier’s signal.

In embodiments, responsive to determining the Q and I
components of each subcarrier signal a channel impulse
response and the power delay profile of the transmitted
OFDM signal may be detected. In embodiments, the Q and I
components may be equalized based on the pilot signals.

The SDR may be configured to analyze the equalized Q and
1 components to determine the amplitude and phase of the
subcarrier signals to determine the channel response for each
pilot subcarrier signal in time and phase over one or more
frames.

Inembodiments, if a subcarrier signals did not include pilot
signals their channel response may be determined by inter-
polation of the determined Q and I components of the other
subcarrier signals.

In embodiments, the channel response of the subcarrier
signals may be utilized to generate channel parameters. The
subcarrier signal frames may determine parameters of the
channel response, including but not limited to:

Average amplitude and phase variation and standard devia-

tion,

Number of fading above a certain attenuation, with average

duration and standard deviation in time and frequency,

Correlation between signals received by different anten-

nas,

Power Delay Profile,

Channel Impulse Response, and/or

Any other determined parameter.

In embodiments, the SDR may be any client computing
device, such as a smartphone, tablet, etc. that may be config-
ured to receive a transmitted OFDM signal and determine the
Q and I components of a subcarrier signal frame.

In embodiments, the SDR may receive and analyze data
over a drive test of an environment supported by a wireless
network, and the analyzed data may be configured to modify
the channel characteristics to improve and/or optimize the
wireless network.

In embodiments, the channel’s characteristics may include
a power delay profile (PDP), a channel impulse response,
attenuation and phase response over frequency and time,
and/or antenna correlation.

These, and other, aspects of the invention will be better
appreciated and understood when considered in conjunction
with the following description and the accompanying draw-
ings. The following description, while indicating various
embodiments of the invention and numerous specific details
thereof, is given by way of illustration and not of limitation.
Many substitutions, modifications, additions or rearrange-
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ments may be made within the scope of the invention, and the
invention includes all such substitutions, modifications, addi-
tions or rearrangements.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present disclosure are described with reference to the follow-
ing figures, wherein like reference numerals refer to like parts
throughout the various views unless otherwise specified.

FIG. 1 depicts an embodiment of a network topology o
characterize the response of a broadband wireless channel.

FIG. 2 depicts a method to characterize the response of a
broadband wireless channel over a network.

FIG. 3 depicts an OFDM frame that may be transmitted by
a transmitter and received by a receiver.

FIG. 4 depicts received OFDM symbols in in frequency
and time.

FIG. 5 depicts variation of OFDM frame signals across a
channel.

FIG. 6 depicts an embodiment of a correlation formula that
may be utilized to correlate antennas across a channel.

FIG. 7 depicts two received signals transmitted from two
different antennas. Responsive to receiving OFDM signal
being received from two transmitters, a receiver may calcu-
late correlations between the received signals.

FIG. 8 depicts a power delay profile of a received signal
from an antenna. In embodiments, the received signal may
allow a receiver to determine the extent of a multipath
received and the cyclic prefix requirement of the channel.

FIG. 9 depicts a drive test where data from a plurality of
transmitters and/or receivers may be correlated to determine
channel characteristics over a service area.

DETAILED DESCRIPTION

The invention and the various features and advantageous
details thereof are explained more fully with reference to the
nonlimiting embodiments that are illustrated in the accompa-
nying drawings and detailed in the following description.
Descriptions of well-known starting materials, processing
techniques, components and equipment are omitted so as not
to unnecessarily obscure the invention in detail. It should be
understood, however, that the detailed description and the
specific examples, while indicating preferred embodiments
of'the invention, are given by way of illustration only and not
by way of limitation. Various substitutions, modifications,
additions and/or rearrangements within the spirit and/or
scope of the underlying inventive concept will become appar-
ent to those skilled in the art from this disclosure. Embodi-
ments discussed herein can be implemented in suitable com-
puter-executable instructions that may reside on a computer
readable medium (e.g., a hard disk (HD)), hardware circuitry
or the like, or any combination.

As used herein, the terms “comprises,” “comprising,”
“includes,” “including,” “has,” “having” or any other varia-
tion thereof, are intended to cover a non-exclusive inclusion.
For example, a process, article, or apparatus that comprises a
list of elements is not necessarily limited to only those ele-
ments but may include other elements not expressly listed or
inherent to such process, article, or apparatus. Further, unless
expressly stated to the contrary, “or” refers to an inclusive or
and not to an exclusive or. For example, a condition A or B is
satisfied by any one of the following: A is true (or present) and
B is false (or not present), A is false (or not present) and B is
true (or present), and both A and B are true (or present).
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Additionally, any examples or illustrations given herein are
not to be regarded in any way as restrictions on, limits to, or
express definitions of, any term or terms with which they are
utilized. Instead, these examples or illustrations are to be
regarded as being described with respect to one particular
embodiment and as illustrative only. Those of ordinary skill in
the art will appreciate that any term or terms with which these
examples or illustrations are utilized will encompass other
embodiments which may or may not be given therewith or
elsewhere in the specification and all such embodiments are
intended to be included within the scope of that term or terms.
Language designating such nonlimiting examples and illus-
trations includes, but is not limited to: “for example,” “for
instance,” “e.g.,” “in one embodiment.”

Embodiments of the present invention can be implemented
in a computer communicatively coupled to a network (for
example, the Internet, an intranet, an internet,a WAN, a LAN,
a SAN, etc.), another computer, or in a standalone computer.
As is known to those skilled in the art, the computer can
include a central processing unit (“CPU”) or processor, at
least one read-only memory (“ROM”), at least one random
access memory (“RAM”), at least one hard drive (“HD”), and
one or more input/output (“I/0”) device(s). The /O devices
can include a keyboard, monitor, printer, electronic pointing
device (for example, mouse, trackball, stylist, etc.), or the
like. In embodiments of the invention, the computer has
access to at least one database over the network.

ROM, RAM, and HD are computer memories for storing
computer-executable instructions executable by the CPU or
capable of being complied or interpreted to be executable by
the CPU. Within this disclosure, the term “computer readable
medium” is not limited to ROM, RAM, and HD and can
include any type of data storage medium that can be read by
a processor. For example, a computer-readable medium may
refer to a data cartridge, a data backup magnetic tape, a floppy
diskette, a flash memory drive, an optical data storage drive,
a CD-ROM, ROM, RAM, HD, or the like. The processes
described herein may be implemented in suitable computer-
executable instructions that may reside on a computer read-
able medium (for example, a disk, CD-ROM, a memory, etc.).
Alternatively, the computer-executable instructions may be
stored as software code components on a DASD array, mag-
netic tape, floppy diskette, optical storage device, or other
appropriate computer-readable medium or storage device.

In one exemplary embodiment of the invention, the com-
puter-executable instructions may be lines of C++, Java, Java-
Script, HTML, or any other programming or scripting code.
Other software/hardware/network architectures may be used.
For example, the functions of the present invention may be
implemented on one computer or shared among two or more
computers. In one embodiment, the functions of the present
invention may be distributed in the network. Communica-
tions between computers implementing embodiments of the
invention can be accomplished using any electronic, optical,
radio frequency signals, or other suitable methods and tools
of communication in compliance with known network proto-
cols.

It will be understood for purposes of this disclosure that a
module is one or more computer processes, computing
devices or both, configured to perform one or more functions.
A module may present one or more interfaces which can be
utilized to access these functions. Such interfaces include
APIs, web services interfaces presented for a web services,
remote procedure calls, remote method invocation, etc.

Embodiments disclosed herein provide systems and meth-
ods for determining characteristics of a channel response in
frequency and time at a subcarrier basis. The determined
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characteristics of the channel may include a power delay
profile (PDP), channel impulse response, attenuation and
phase response over frequency and time, and antenna corre-
lation over the wireless network.

FIG. 1 depicts an embodiment of network topology 100 to
characterize the response of a broadband wireless channel.
The network topology 100 includes at least one transmitter
110, at least one receiver 120, network 130, and environment
135. The transmitters 110 and receiver may be configured to
wirelessly communicate with each other over network 130.

Network 130 may be a wired or wireless network such as
the Internet, an intranet, a LAN, a WAN, a WLAN, Wi-Fi,
WiMax, LTE, DVB, a virtual private network (VPN), a cel-
Iular network, radio network, telephone network, and/or
another type of network. It will be understood that network
130 may be a combination of multiple different kinds of wired
or wireless networks. In embodiments, network 130 may
include a plurality of channels and sub-channels that operate
over defined bandwidths, which may be OFDM based chan-
nels. Network 130 may be configured to communicate data
from a first element, such as transmitter 110, to a second
element, such as receiver 120.

Environment 135 may be the setting, location, or area that
network 130 is disposed in. In embodiments, environment
135 may include weather or seasonal elements, a plurality of
structures such as buildings, edifices, mountains, trees, val-
leys, rivers, or other elements. Responsive to environment
135, signals transmitted across network 130 may be affected.
Due to the environment 135 being different for signals trans-
mitted and received from different positions within environ-
ment 135, environment 135 may propagate the communi-
cated signals differently responsive to location of the
transmitter and/or the location of the receiver within environ-
ment 135.

Transmitter 110 may be any type of computing device with
a hardware processor that is configured to process instruc-
tions and connect to network 130, or one or more portions of
network 130. In one embodiment, transmitter 110 may
include processing device 112, communications module 114,
and pilot signal generator 116.

Processing device 112 may include memory, e.g., read only
memory (ROM) and random access memory (RAM), storing
processor-executable instructions, and one or more proces-
sors that execute the processor-executable instructions. In
embodiments where processing device 112 includes two or
more processors, the processors may operate in a parallel or
distributed manner. Processing device 112 may execute an
operating system of transmitter 110 or software associated
with other elements of transmitter 110, such as information
associated with communications module 114 and/or pilot
signal generator 116.

Communications module 114 may be a hardware device
configured to communicate with another device, e.g., receiver
120 over network 130. Communications module 114 may
include one or more wireless transceivers for performing
wireless communication. In embodiments, communications
module 114 may be configured to transmit OFDM signals
that are comprised of orthogonal subcarriers. Communica-
tions module 114 may be configured to transmit the OFDM
over a communication channel over network 130. In embodi-
ments, at least one of the orthogonal subcarriers may be
designated as reference pilot signals. Communications mod-
ule 114 may be configured to transmit OFDM signals at set
frames with a specific duration. In embodiments, the specific
duration for each of the frames may be the same length of
time. In embodiments, the transmitted OFDM signals may
only include synchronization signals that are configured to
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synchronize the transmitted OFRM signals from transmitter
110 and the reference pilot signals.

Pilot signal generator 116 may be configured to generate
the pilot signals that are transmitted within OFDM signals.
The pilot signals may be utilized for control, equalization,
continuity, synchronization, and/or reference purposes of the
transmitted OFDM signals.

Receiver 120 may be an antenna, software defined receiver
(SDR), smart phone, tablet computer, laptop computer, wear-
able computer, personal data assistant, or any other type of
mobile device with a hardware processor that is configured to
receive data over network 130, and may be communicatively
coupled to transmitter 110 over network 130. Receiver 120
may include processing device 122, communications module
124, synchronizer module 126, transform module 128, equal-
izer 130, and analyzer 132.

Processing device 122 may include memory, e.g., read only
memory (ROM) and random access memory (RAM), storing
processor-executable instructions and one or more processors
that execute the processor-executable instructions. In
embodiments where processing device 122 includes two or
more processors, the processors may operate in a parallel or
distributed manner. Processing device 122 may execute an
operating system of receiver 120 or software associated with
other elements associated with receiver 120.

Communications module 124 may be a hardware device
configured to receive communications from another device,
e.g., transmitter 110 over network 130. Communications
module 124 may include one or more wireless transceivers
for performing wireless communications and/or one or more
communication ports for performing wired communications.
In embodiments, communications module 124 may be con-
figured to receive a transmitted OFDM signal from transmit-
ter 120 over a channel and digitize the received signal.

Synchronizer module 126 may be a hardware device con-
figured to synchronize the digitized received signal. Synchro-
nizer module 126 may be configured to synchronize the
received signal at the frame and/or symbol level. Therefore,
the received signal may be separated into sub-parts and ana-
lyzed to determine the channel response properties at the
subcarrier, frame, and/or symbol level. In embodiments, syn-
chronizer module 126 may synchronize the received signal in
the frequency and/or time domain, so the symbols of the
received signal may be received.

Transform module 128 may be a hardware device that is
configured to transform the digitized received signal via a
FFT. The FFT may be utilized to eliminate repetitive signals
from the received signal and decompose the received signal
into its fundamental intensity frequencies, such that the signal
may be filtered and recombined to generate a new signal.
Transform module 128 may be configured to transform the
digitized signal into a two data values, an in-phase signal
value (I) and quadrature phase signal value (Q) over each
subcarrier symbol of the digitized signal.

Equalizer 130 may be a hardware device configured to
equalize the received digitized signal. Equalizer 130 may be
configured to equalize the received signal responsive to the
pilot signals transmitted within the OFDM signal from trans-
mitter 110. In embodiments, the I and Q subcarrier symbols
may be equalized in the frequency and time domain.

Analyzer 132 may be a hardware device configured to
perform statistical analysis on a symbol basis, subcarrier sig-
nal basis, and frame basis to determine channel response
properties of an OFDM signal transmitted from transmitter
110 to receiver 120. Analyzer 132 may be configured to
analyze multiple occurrences of the synchronized signal to
detect the channel impulse response and a power delay profile
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of the channel. Analyzer 132 may also be configured to ana-
lyze the I and Q subcarrier symbols in terms of amplitude and
phase to obtain the channel response for each pilot subcarrier
signal in time and phase for one or more frames. In embodi-
ments, the channel response for the remaining subcarriers
may be estimated based on the interpolation of the obtained
channel response for the pilot subcarrier signals for the one or
more frames.

FIG. 2 illustrates a method 200 to characterize the response
of'a broadband wireless channel over a network. The opera-
tions of method 200 presented below are intended to be illus-
trative. In some embodiments, method 200 may be accom-
plished with one or more additional operations not described,
and/or without one or more of the operations discussed. Addi-
tionally, the order in which the operations of method 200 are
illustrated in FIG. 2 and described below is not intended to be
limiting.

In some embodiments, method 200 may be implemented in
one or more processing devices (e.g., a digital processor, an
analog processor, a digital circuit designed to process infor-
mation, an analog circuit designed to process information, a
state machine, and/or other mechanisms for electronically
processing information). The one or more processing devices
may include one or more devices executing some or all of the
operations of method 200 in response to instructions stored
electronically on an electronic storage medium. The one or
more processing devices may include one or more devices
configured through hardware, firmware, and/or software to be
specifically designed for execution of one or more of the
operations of method 200.

At operation 210, an OFDM signal may be generated and
transmitted across a network. The transmitted OFDM signal
may include synchronization and pilot signals without any
other data, or the transmitted signal may be a conventional
OFDM signal. In embodiments, the transmitted OFDM sig-
nal may be transmitted over a channel with a bandwidth.
Operation 210 may be performed by a transmitter that is the
same as or similar to transmitter 110, in accordance with one
or more implementations.

At operation 220, the channel may distort the transmitted
signal. In embodiments, the environment between the trans-
mitter and receiver may influence the transmitted signal, such
that a transmitter transmitting a signal to a first receiver at a
first location may have a different response than the transmit-
ter transmitting the signal to a second receiver at a second
location. Operation 220 may be performed by a network that
is the same as or similar to network 130, in accordance with
one or more implementations.

At operation 230, a receiver may receive the distorted
signal over the channel, wherein the signal is distorted by the
environment between the receiver and transmitter. In embodi-
ments, the receiver may digitize the received signal. Opera-
tion 230 may be performed by receiver that is the same as or
similar to receiver 120, in accordance with one or more imple-
mentations.

At operation 240, the received digitized signal may be
synchronized in the frequency domain the time domain. The
signal may be synchronized so symbols associated with the
digitized signal may be determined. In embodiments, a FFT
may extract the Q and I components of each subcarrier sym-
bol. Operation 240 may be performed by a receiver that is the
same as or similar to receiver 120, in accordance with one or
more implementations.

At operation 250, the Q and I components of the subcarri-
ers symbols may be equalized based on the pilot symbols
transmitted with the OFDM signal. In embodiments, statistics
may be determined on a symbol, subcarrier, and frame basis
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to determine channel response characterizations of the chan-
nel carrying the transmitted OFDM signal over the network.
Operation 250 may be performed by a receiver that is the
same as or similar to receiver 120, in accordance with one or
more implementations.

At operation 260, a report for the channel response char-
acterizations of the channel between the transmitter and the
receiver carrying the transmitter OFDM signal may be gen-
erated. In embodiments, the report may include a power delay
profile (PDP), channel impulse response, attenuation and
phase response over frequency and time, antenna correlation,
and/or other channel information. The parameters of the
report may be utilized to determine the channel characteris-
tics and applied to the network as a whole. Operation 260 may
be performed by a receiver that is the same as or similar to
receiver 120, in accordance with one or more implementa-
tions.

FIG. 3 depicts one example embodiment of an OFDM
frame 300 that may be transmitted by a transmitter and
received by a receiver. The frame is represented by subcarrier
symbols 310 over time 320. The OFDM frame 300 depicted
in FIG. 3 may represent the subcarrier symbols 310 over one
millisecond, wherein the subcarrier symbols 310 are repre-
sented in sub frames 330. In embodiments, different sub
frames 330 within the subcarrier symbols 310 may include
different data 340.

Utilizing OFDM frame 300 the wireless channel may be
characterized. The wireless channel may be characterized
responsive to OFDM 300 including reference signals 350 that
are transmitted at even intervals within a frame.

OFDM frame 300 may also include synchronization sym-
bols 360, wherein the synchronization symbols are utilized by
areceiver to determine the timing of symbols associated with
sub frames 330 within OFDM 300. OFDM frame may also
include channel symbols 370 that may be utilized to deter-
mine the frequency associated with OFDM frame 300. Uti-
lizing the synchronization symbols 360 and channel symbols
370 a receiver may determine the timing and frequency asso-
ciated with the subcarrier symbols.

Utilizing the synchronization symbols 360 and channel
symbols 370, the location of the reference signals 350 within
OFDM frame 300 may be determined. Responsive to the
location of the reference signals 350 within OFDM frame
300, each reference signal 350 within the OFDM frame 300
may be equalized. The equalized reference signals may be
correlated to the transmitted reference signals to determine
the distortion of the OFDM frame 300 due to the environ-
ment, wherein based on the correlation of the equalized
received reference signals 350 to the transmitted reference
signals, data 340 within the OFDM frame 300 may be deter-
mined.

FIG. 4 depicts one example embodiment of a received
OFDM frame 400 in in frequency and time. As depicted in
FIG. 4, OFDM frame 400 may include symbols 410 and a
subcarrier index 420, wherein different symbols 410 over the
subcarrier index 420 may have different signal strengths
(dBM) 440. In FIG. 4, symbols that have a stronger strength
450 may be associated with the reference signals within
OFDM frame 300, and symbols 430 with a weaker strength
may be not be associated with a transmitted frame but be
associated with noise within the environment.

FIG. 5 depicts one example embodiment of the variation of
OFDM frame 500 signals across a channel in three dimen-
sional space.

FIG. 6 depicts one example embodiment of a correlation
formula 600 that may be utilized to correlate antennas across
a channel. However, one skilled in the art will appreciate that
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different methods and systems may be utilized to correlate
multiple-input and multiple-output (MIMO) antennas. In
embodiments where a system includes two transmitting
antennas, it is important to determine the correlation to the
received signals from the two antennas. Therefore, it is impor-
tant to correlate the two transmitted signals as received by
multiple antennas at the same location at the same time. In
systems where there is a low correlation or no correlation
between the received signals, then the two transmitted signals
may be utilized to transmit independent data sets and double
the bandwidth of the transmitted signals.

Here, r is the correlation factor between the received signal
from antenna x and y, n is the number of sub-carriers consid-
ered, 1is an instance of n, xi is the received signal for subcar-
rier | of antenna x, x- is the average signal received from
antenna X, yi is the received signal for subcarrier I of antenna
y, and y- is the average signal received from antenna y.

FIG. 7 depicts example embodiments of two received sig-
nals 710, 720 transmitted from two different antennas.
Responsive to OFDM signal being received from two trans-
mitters, a receiver may calculate correlations between the
received signals. The received signals 710 and 720 may be
utilized to determine the correlation between the received
signals.

In embodiments, the received signals 710, 720 may be
associated with the two transmitted signals as received by two
different antennas at the same time, wherein the two trans-
mitted signals include two different reference signals. The
two different reference signals may be used to adjust, modify,
change, etc. the signals transmitted from the two antennas
based on the correlation between the two received signals
710, 720. In embodiments, if the two received signals 710,
720 are not correlated with each other, a MIMO system may
be utilized to transmit two independent signals, whereas if the
received signals 710, 720 are correlated with one another,
then the two transmitted signals may be similar signals due to
interference.

In embodiments, if the correlation factor as determined by
equation 600 is above a correlation threshold, then it may be
determined that the signals are correlated with one another.
Accordingly, it may be desired to transmit two signals that are
similar. Whereas, if the correlation between the two received
signals is below the correlation threshold, then it may be
determined that the signals are not correlated with one
another. Therefore, it may be desired to transmit two inde-
pendent signals to increase bandwidth.

FIG. 8 depicts one example embodiment of a power delay
profile 800 of a received signal from an antenna. In embodi-
ments, the received signal may allow a receiver to determine
the extent of a multipath received and the cyclic prefix
requirement of the channel. The power delay profile 800 may
include the power profile of multiple frames of a transmitted
signal.

FIG. 9 depicts one example embodiment of a mapping 900
of a drive test where data from a plurality of transmitters
and/or receivers may be correlated to determine channel char-
acteristics over a service area. The mapping 900 may include
correlation factors 910 between two antennas receiving the
same transmitted signal with different reference symbols,
wherein the two antennas receive the transmitted signals at
the same location at the same time. Mapping 900 may be
completed on a mobile device, wherein the mobile device is
configured to remotely store the entire, raw three dimensional
wave from of the transmitted signal at the location that the
antennas received the transmitted signals. Accordingly, a
three dimensional frame of the received wave form may be
reconstructed from the received signals. Therefore, the signal
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may be further parsed to determine additional data of the
channel, whereas conventionally only data strength of the
received signal is remotely stored.

Although the present technology has been described in
detail for the purpose of illustration based on what is currently
considered to be the most practical and preferred implemen-
tations, it is to be understood that such detail is solely for that
purpose and that the technology is not limited to the disclosed
implementations, but, on the contrary, is intended to cover
modifications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, it is to
be understood that the present technology contemplates that,
to the extent possible, one or more features of any implemen-
tation can be combined with one or more features of any other
implementation.

What I claim is:

1. A system for characterizing a channel of a wireless
network,

the system comprising:

a transmitter configured to wirelessly transmit an OFDM
signal including pilot signals over a network and in an
environment that distorts the transmitted OFDM signal,
wherein the pilot signals are utilized to establish a RF
channel response at a subcarrier level, the pilot signals
including reference symbols that are transmitted at set
intervals; and

areceiver configured to receive the OFDM signal, synchro-
nize the OFDM signal in frequency and time to deter-
mine the reference symbols within the OFDM signal,
perform a fast Fourier transform on the OFDM signal to
determine in-phase and quadrature components of each
subcarrier symbol within the OFDM signal, and equal-
ize the in-phase and quadrature of each subcarrier signal
based on the pilot signals,

wherein the transmitter includes two transmit antennas, the
transmit antennas being configured to transmit the same
OFDM signal with different reference symbols within
the pilot signals.

2. The system of claim 1, wherein the receiver includes two
receive antennas, the receive antennas being configured to
receive the two transmitted OFDM signals from the two
transmit antennas.

3. The system of claim 2, further including:

an analyzer configured to determine a correlation factor
between the two received OFDM signals based on the
equalized in-phase and quadrature components within
the received OFDM signals.

4. The system of claim 3, wherein the analyzer is config-
ured to determine whether the correlation factor between the
two received OFDM signals is below a correlation threshold.

5. The system of claim 4, wherein the two transmit anten-
nas are configured to transmit different OFDM signals with
different data when the correlation factor is below the corre-
lation threshold.

6. The system of claim 2, further including:

a mobile computing device configured to store a three
dimensional representation of the received OFDM sig-
nals at a location where the received OFDM signals are
received.

7. The system of claim 1, wherein the equalized compo-
nents of each subcarrier signal are configured to characterize
the channel at the subcarrier level.

8. The system of claim 1, wherein the receiver is configured
to determine the synchronization pattern and pilot signals to
characterize the channel at the subcarrier level.

9. The system of claim 1, wherein the characterizations of
the channel include at least one of a channel impulse
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response, a power delay profile, an amplitude and phase
response on the subcarrier level, channel characterization at a
frame level, channel characterization at the multi-frame level,
and antenna correlation over the network.

10. A method for characterizing a channel of a wireless
network, the method comprising:

wirelessly transmitting an OFDM signal including pilot

signals over a network and in an environment that dis-
torts the transmitted OFDM signal, wherein the pilot
signals are utilized to establish a RF channel response at
a subcarrier level, the pilot signals including reference
symbols that are transmitted at set intervals;

receiving the OFDM signal;

synchronizing the OFDM signal in frequency and time to

determine the reference symbols of the OFDM signal;
performing a fast Fourier transform on the OFDM signal to
determine in- phase and quadrature components of each
subcarrier symbol within the OFDM signal; and
equalizing the in-phase and quadrature of each subcarrier
signal based on the pilot signals,
wherein transmitting the OFDM signal includes transmit-
ting two OFDM signals from two transmit antennas, the
transmit antennas transmitting the same signal with dif-
ferent reference symbols within the pilot signals.

11. The method of claim 10, wherein the receiving the
OFDM includes receiving the two OFDM signals via two
receive antennas, the receive antennas receiving the two
transmitted OFDM signals from the two transmit antennas.

12. The method of claim 11, further including:

determining a correlation factor between the two received

OFDM signals based on the equalized in-phase and
quadrature components within the two received OFDM
signals.

13. The method of claim 12, further comprising:

determining that the correlation factor between the two

received OFDM signals is below a correlation threshold.
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14. The method of claim 13, wherein the two transmitted
OFDM signals include different data when the correlation
factor is below the correlation threshold.

15. The method of claim 11, further including:

storing a three dimensional representation of the received

OFDM signals at a location where the received OFDM
signals are received.

16. The method of claim 10, wherein the equalized com-
ponents of each subcarrier signal are configured to character-
ize the channel at the subcarrier level.

17. The method of claim 10, further comprising:

determining the reference symbols that are transmitted at

set intervals and pilot signals to characterize the channel
at the subcarrier level.
18. A method for characterizing a channel of a wireless
network, the method comprising:
wirelessly transmitting an OFDM signal including pilot
signals over a network and in an environment that dis-
torts the transmitted OFDM signal, wherein the pilot
signals are utilized to establish a RF channel response at
a subcarrier level, the pilot signals including reference
symbols that are transmitted at set intervals;
receiving the OFDM signal;
synchronizing the OFDM signal in frequency and time to
determine the reference symbols of the OFDM signal;

performing a fast Fourier transform on the OFDM signal to
determine in- phase and quadrature components of each
subcarrier symbol within the OFDM signal; and

equalizing the in-phase and quadrature of each subcarrier
signal based on the pilot signals, wherein the character-
izations of the channel include at least one of a channel
impulse response, a power delay profile, an amplitude
and phase response on the subcarrier level, channel char-
acterization at a frame level, channel characterization at
the multiframe level, and antenna correlation over the
network.



