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propagation paths formed between the transmitter and the 
receiver which are capable of carrying a signal transmitted by 
the transmitter to the receiver. The method includes transmit 
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propagation path of the plurality of propagation paths, receiv 
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of the propagation path, sending the channel estimation from 
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distorting a second signal at the transmitter according to the 
channel estimation, transmitting the predistorted signal from 
the transmitter to the receiver via the propagation path, and 
receiving the predistorted signal at the receiver. 
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1. 

USER-FOCUSING TECHNIQUE FOR 
WIRELESS COMMUNICATION SYSTEMS 

BACKGROUND 

Wireless communication systems confront more and more 
challenges. One such challenge exists in hot-spots where 
highly concentrated groups of mobile users create large 
demands of system capacity. Other challenges exist where 
co-located heterogeneous networks in certain areas create 
interference and difficulties in inter-network handover. In 
order to address these and other problems, various techniques 
have been developed, such as relay techniques and coordi 
nated multi-point (CoMP) transmission. Both the relay and 
the CoMP techniques are used to increase the number of 
parallel channels between the source of a signal and the 
destination. While these techniques increase system perfor 
mance, they also require careful network planning and 
require high computation resources. In some instances, the 
techniques operate by exploiting additional resources from 
propagation channels. 

Other techniques, such as equalization techniques achieve 
the same purposes without changing current system configu 
rations. Equalization techniques are used in the receivers of 
the system in order to recover the original transmitted signal 
by removing any distortions that arise in the transmittal. 
When the impact of a channel is perfectly equalized, the 
signals arriving at the receiver from the different paths are 
then “aligned in phases and can be added constructively. 
Typical examples of equalization techniques include the fol 
lowing: (1) RAKE receiving technique, which equalizes the 
channel in the delay domain; (2) the frequency equalization 
technique which has been widely adopted in the receivers 
based on OFDM transmission; and (3) the time-frequency 
equalization technique used in the receivers of 4G systems, 
such as the TD-Long-Term-Evolution (LTE) wireless com 
munication systems. 
One problem with these techniques, however is that they 

require that channel equalization be performed at the receiver, 
meaning that the receiverhave additional resources in order to 
perform the equalization. 

SUMMARY 

In one embodiment, a method is provided for conducting 
wireless communications in a communications system. Such 
a communications system can include a transmitter, a 
receiver, and a plurality of propagation paths formed between 
the transmitter and the receiver. The propagation paths can be 
configured to be capable of carrying a signal transmitted by 
the transmitter to the receiver. The method can include: trans 
mitting a first signal from the transmitter to the receiver via a 
propagation path of the plurality of propagation paths; receiv 
ing the first signal at the receiver, performing a channel esti 
mation of the first signal to obtain path parameter information 
of the propagation path; sending the path parameter informa 
tion from the receiver to the transmitter via the propagation 
path; predistorting a second signal at the transmitter accord 
ing to the path parameter information; transmitting the pre 
distorted signal from the transmitter to the receiver via the 
propagation path; and receiving the predistorted signal at the 
receiver. 

In one embodiment, a communications system can be pro 
vided for conducting wireless communications. The system 
can include a receiver, a transmitter and a plurality of propa 
gation paths formed between the transmitter and the receiver 
which are capable of carrying a signal transmitted by the 
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2 
transmitter to the receiver. The receiver can be configured to 
receive a first signal from the transmitter, perform a channel 
estimation of the first signal to obtain path parameter infor 
mation of the propagation path, and send the path parameter 
information of the path to the transmitter via the propagation 
path. The transmitter can be configured to predistort a second 
signal according to the channel estimation received from the 
receiver, and transmit the predistorted signal to the receiver 
via the propagation path. 

In one embodiment, a base station can be provided for 
performing wireless communications with a receiver in a 
wireless device via a plurality of propagation paths. The base 
station can include at least one transmitter; a computing 
device; and a computer-readable storage medium having 
computer-executable instructions stored thereon that are 
executable by the computing device to perform operations. 
The computing device operations can include: transmitting a 
first signal from the transmitter to the receiver via a propaga 
tion path of the plurality of propagation paths; receiving a 
channel estimation of the first signal including path parameter 
information of the propagation path; predistorting a second 
signal according to the channel estimation; and transmitting 
the predistorted signal from the transmitter to the receiver via 
the propagation path. 
The foregoing Summary is illustrative only and is not 

intended to be in any way limiting. In addition to the illustra 
tive aspects, embodiments, and features described above, fur 
ther aspects, embodiments, and features will become appar 
ent by reference to the drawings and the following detailed 
description. 

BRIEF DESCRIPTION OF THE FIGURES 

The foregoing and following information as well as other 
features of this disclosure will become more fully apparent 
from the following description and appended claims, taken in 
conjunction with the accompanying drawings. Understand 
ing that these drawings depict only several embodiments in 
accordance with the disclosure and are, therefore, not to be 
considered limiting of its scope, the disclosure will be 
described with additional specificity and detail through use of 
the accompanying drawings, in which: 

FIG. 1 includes a schematic representation of an embodi 
ment of a wireless communication system which is capable of 
performing a user-focusing technique as described herein; 

FIG. 2 includes a block diagram illustrating an embodi 
ment of a transmitter and a receiver which may be used in 
performing a user-focusing technique as described herein; 

FIG. 3 includes a diagram representing an embodiment of 
a computing unit of a transmitter used in performing a user 
focusing technique as described herein; 

FIG. 4 includes a flow diagram illustrating an embodiment 
of a user-focusing technique in a wireless communication 
system; 

FIG. 5A includes a diagram representing a conventional 
wireless communication system; 

FIG. 5B includes a diagram representing a wireless com 
munication system which is capable of performing a user 
focusing technique as described herein; and 

FIG. 5C includes a diagram representing a wireless com 
munication system according to another embodiment of a 
system which is capable of performing a user-focusing tech 
nique as described herein, 

all arranged in accordance with at least one of the embodi 
ments described herein, and which arrangement may be 
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modified in accordance with the disclosure provided herein 
by one of ordinary skill in the art. 

DETAILED DESCRIPTION 

In the following detailed description, reference is made to 
the accompanying drawings, which form a parthereof. In the 
drawings, similar symbols typically identify similar compo 
nents, unless context dictates otherwise. The illustrative 
embodiments described in the detailed description, drawings, 
and claims are not meant to be limiting. Other embodiments 
may be utilized, and other changes may be made, without 
departing from the spirit or scope of the Subject matter pre 
sented herein. It will be readily understood that the aspects of 
the present disclosure, as generally described herein, and 
illustrated in the figures, can be arranged, Substituted, com 
bined, separated, and designed in a wide variety of different 
configurations, all of which are explicitly contemplated 
herein. 

FIG. 1 includes a schematic representation of an embodi 
ment of a wireless communication system which is capable of 
performing a user-focusing technique as described herein. 
FIG. 1 illustrates a single-link communication scenario 
between a base station which is configured so as to act as a 
transmitter 110 and a mobile station which is configured so as 
to act as a receiver 150. Between the transmitter 110 and the 
receiver 150 are a number of buildings 120-124, which act as 
scatterers and bouncing points of communication signals 
traveling between the transmitter 110 and the receiver 150 via 
propagation paths 170, 175, and 180. 

Simply speaking, the methods and systems described 
herein use the propagation paths 170, 175, and 180 as mul 
tiple parallel carriers of the communication signals. In most 
communications currently used in the art, these various 
propagation paths 170,175, and 180 are usually considered to 
be problematic rather than being considered as a resource 
bank. 

Using the method and systems described herein, however, 
the wireless connection between the transmitter 110 and the 
receiver 150 becomes analogous with multiple wired connec 
tions linking the two points. Using this configuration, many 
existing problems, e.g. the interference cancellation, capacity 
limitations, may be removed. The system and methods 
described herein are referred to as “user-focusing and make 
use of multiple propagation paths 170, 175, and 180 between 
the transmitter 110 and receiver 150 as the parallel carriers. 
These paths are different in delay, direction of arrival, direc 
tion of departure and Doppler frequency. Along these paths, 
an electromagnetic wave may arrive at the receiver with dif 
ferent phases. However, in the user-focusing method and 
system described herein, the transmitted signal modulates the 
parallel carriers in Such a way that the wave arriving at the 
receiver 150 from different paths 170, 175, and 180 have the 
same phase, and may be Superimposed coherently. 
The effect when using this user-focusing technique is that 

the system can send the signals directly to the location of the 
receiver 150, i.e. create a “focus of the signal at the receiver 
150. As may be understood by one of ordinary skill in the art, 
this system has various benefits, including but not limited to: 
1) the total transmit power may decrease because the trans 
mitter 110 wastes no energy on sending the signals to the 
regions where no paths exist; 2) the interference among users 
can be significantly reduced and consequently, the quality of 
service can be improved; 3) the currently used multi-point 
cooperative technologies might be unnecessary, as the meth 
ods and systems described herein provides acceptable perfor 
mance using just one transmitter 110. 
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4 
FIG. 2 illustrates two block diagram illustrating exemplary 

components of the transmitter 110 and the receiver 150 
although the transmitter 110 and receiver 150 may include 
other components or omit any non-essential components 
without varying from the scope and meaning of the claims 
recited below. In this example, the receiver comprises a 
mobile station which includes a computing unit 200 which is 
capable of controlling the function of the other modules 200 
250 of the mobile station, a display 210 capable of displaying 
one or more images on the mobile station, a speaker 220 
including an electroacoustic transducer that produces Sound 
in response to an electrical audio signal input, an antenna 
array 230 including one or more antennas which are used to 
send and receive signals with the transmitter 110, a user 
interface 240 which enables a user of the mobile station to 
manipulate and interact with the processes of the computing 
unit 200 so as to control the various modules 200-250 of the 
mobile station, and a microphone 250 configured to capture 
an acoustic sound and convert it into an electronic signal 
using an acoustic-to-electric transducer or sensor. 
The transmitter 110, which includes a base station in this 

example, includes a computing unit 300 described more fully 
below and an antenna array 260 comprising one or more 
antenna which are used to send and receive signals with the 
receiver 150. 

FIG. 3 depicts a block diagram illustrating an example 
computing device 300 of the transmitter 110 or receiver 150 
that is arranged to implement the user-focusing technique for 
wireless communication described more fully below. In a 
very basic configuration 302, the computing device 300 typi 
cally includes one or more processors 304 and a system 
memory 306. A memory bus 308 may be used for communi 
cating between processor 304 and system memory 306. 

Depending on the desired configuration, processor 304 
may be of any type including but not limited to a micropro 
cessor (uP), a microcontroller (LLC), a digital signal processor 
(DSP), or any combination thereof. Processor 304 may 
include one or more levels of caching. Such as a level one 
cache 310 and a level two cache 312, a processor core 314, 
and registers 316. An example processor core 314 may 
include an arithmetic logic unit (ALU), a floating point unit 
(FPU), a digital signal processing core (DSP Core), or any 
combination thereof. An example memory controller 318 
may also be used with processor 304, or in Some implemen 
tations memory controller 318 may be an internal part of 
processor 304. 

Depending on the desired configuration, system memory 
306 may be of any type including but not limited to volatile 
memory (such as RAM), non-volatile memory (such as 
ROM, flash memory, etc.) or any combination thereof. Sys 
tem memory 306 may include an operating system 320, one 
or more applications 322, and program data 324. Application 
322 may include an authentication component or application 
326 that is arranged or configured to construct an authentica 
tion system or authenticate one or more devices or users. 
Program data 324 may include authentication data 328 for 
constructing an authentication system and/or authenticating 
one or more devices or users. In some embodiments, appli 
cation 322 may be arranged to operate with program data 324 
on operating system320 Such that an authentication system is 
generated. This described basic configuration 302 is illus 
trated in FIG.3 by those components within the inner dashed 
line. 
Computing unit 300 may have additional features or func 

tionality, and additional interfaces to facilitate communica 
tions between basic configuration 302 and any required 
devices and interfaces. For example, a bus/interface control 
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ler 330 may be used to facilitate communications between 
basic configuration 302 and one or more data storage devices 
332 via a storage interface bus 334. Data storage devices 332 
may be removable storage devices 336, non-removable stor 
age devices 338, or a combination thereof. Examples of 5 
removable storage and non-removable storage devices 
include magnetic disk devices such as flexible disk drives and 
hard-disk drives (HDD), optical disk drives such as compact 
disk (CD) drives or digital versatile disk (DVD) drives, solid 
state drives (SSD), and tape drives to name a few. Example 
computer storage media may include Volatile and nonvolatile, 
removable and non-removable media implemented in any 
method or technology for storage of information, Such as 
computer readable instructions, data structures, program 
modules, or other data. 

System memory 306, removable storage devices 336 and 
non-removable storage devices 338 are examples of com 
puter storage media. Computer storage media includes, but is 
not limited to, RAM, ROM, EEPROM, flash memory or other 
memory technology, CD-ROM, digital versatile disks (DVD) 
or other optical storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium which may be used to store the desired 
information and which may be accessed by computing device 
300. Any such computer storage media may be part of com 
puting device 300. 

Computing device 300 may also include an interface bus 
340 for facilitating communication from various interface 
devices (e.g., output devices 342, peripheral interfaces 344, 
and communication devices 346) to basic configuration 302 
via bus/interface controller 330. Example output devices 342 
include a graphics processing unit 348 and an audio process 
ing unit 350, which may be configured to communicate to 
various external devices such as a display or speakers via one 
or more A/V ports 352. Example peripheral interfaces 344 
include a serial interface controller 354 or a parallel interface 
controller 356, which may be configured to communicate 
with external devices such as input devices (e.g., keyboard, 
mouse, pen, voice input device, touch input device, etc.) or 
other peripheral devices (e.g., printer, Scanner, etc.) via one or 
more I/O ports 358. An example communication device 346 
includes a network controller 360, which may be arranged to 
facilitate communications with one or more other computing 
devices 362 over a network communication link via one or 
more communication ports 364. 
The network communication link may be one example of a 

communication media. Communication media may typically 
be embodied by computer readable instructions, data struc 
tures, program modules, or other data in a modulated data 
signal. Such as a carrier wave or other transport mechanism, 
and may include any information delivery media. A "modu 
lated data signal” may be a signal that has one or more of its 
characteristics set or changed in Such a manner as to encode 
information in the signal. By way of example, and not limi 
tation, communication media may include wired media Such 
as a wired network or direct-wired connection, and wireless 
media Such as acoustic, radio frequency (RF), microwave, 
infrared (IR) and other wireless media. The term computer 
readable media as used herein may include both storage 
media and communication media. 

In addition to being a component of the transmitter 110 
base station, the computing unit 300 may be implemented as 
a portion of a small-form factor portable (or mobile) elec 
tronic device Such as a cell phone, a personal data assistant 
(PDA), a personal media player device, a wireless web-watch 
device, a personal headset device, an application specific 
device, or a hybrid device that include any of the above 
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6 
functions. As such, the computing unit 200 of the receiver 150 
configured as a mobile station may include the same or simi 
lar components as the computing device 300. Additionally, 
the computing device 300 may also be implemented as a 
personal computer including both laptop computer and non 
laptop computer configurations. 
One skilled in the art will appreciate that, for this and other 

processes and methods disclosed herein, the functions per 
formed in the processes and methods may be implemented in 
differing order. Furthermore, the outlined steps and opera 
tions are only provided as examples, and some of the steps 
and operations may be optional, combined into fewer steps 
and operations, or expanded into additional steps and opera 
tions without detracting from the essence of the disclosed 
embodiments. 
The foregoing detailed description has set forth various 

embodiments of the devices and/or processes via the use of 
block diagrams, flowcharts, and/or examples. Insofar as Such 
block diagrams, flowcharts, and/or examples contain one or 
more functions and/or operations, it will be understood by 
those within the art that each function and/or operation within 
Such block diagrams, flowcharts, or examples can be imple 
mented, individually and/or collectively, by a wide range of 
hardware, Software, firmware, or virtually any combination 
thereof. In one embodiment, several portions of the subject 
matter described herein may be implemented via Application 
Specific Integrated Circuits (ASICs), Field Programmable 
Gate Arrays (FPGAs), digital signal processors (DSPs), or 
other integrated formats. However, those skilled in the art will 
recognize that some aspects of the embodiments disclosed 
herein, in whole or in part, can be equivalently implemented 
in integrated circuits, as one or more computer programs 
running on one or more computers (e.g., as one or more 
programs running on one or more computer systems), as one 
or more programs running on one or more processors (e.g., as 
one or more programs running on one or more microproces 
sors), as firmware, or as virtually any combination thereof, 
and that designing the circuitry and/or writing the code for the 
software and or firmware would be well within the skill of one 
of skill in the art in light of this disclosure. In addition, those 
skilled in the art will appreciate that the mechanisms of the 
subject matter described herein are capable of being distrib 
uted as a program product in a variety of forms, and that an 
illustrative embodiment of the subject matter described 
herein applies regardless of the particular type of signal bear 
ing medium used to actually carry out the distribution. 
Examples of a signal bearing medium include, but are not 
limited to, the following: a recordable type medium Such as a 
floppy disk, a hard disk drive, a CD, a DVD, a digital tape, a 
computer memory, etc.; and a transmission type medium Such 
as a digital and/or an analog communication medium (e.g., a 
fiber optic cable, a waveguide, a wired communications link, 
a wireless communication link, etc.). 

Those skilled in the art will recognize that it is common 
within the art to describe devices and/or processes in the 
fashion set forth herein, and thereafter use engineering prac 
tices to integrate Such described devices and/or processes into 
data processing systems. That is, at least a portion of the 
devices and/or processes described herein can be integrated 
into a data processing system via a reasonable amount of 
experimentation. Those having skill in the art will recognize 
that a typical data processing system generally includes one 
or more of a system unit housing, a video display device, a 
memory Such as Volatile and non-volatile memory, proces 
sors such as microprocessors and digital signal processors, 
computational entities Such as operating systems, drivers, 
graphical user interfaces, and applications programs, one or 
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more interaction devices, such as a touch pad or screen, 
and/or control systems including feedback loops and control 
motors (e.g., feedback for sensing position and/or Velocity; 
control motors for moving and/or adjusting components and/ 
or quantities). A typical data processing system may be 
implemented utilizing any suitable commercially available 
components, such as those typically found in data computing/ 
communication and/or network computing/communication 
systems. 
The herein described subject matter sometimes illustrates 

different components contained within, or connected with, 
different other components. It is to be understood that such 
depicted architectures are merely exemplary, and that in fact 
many other architectures can be implemented which achieve 
the same functionality. In a conceptual sense, any arrange 
ment of components to achieve the same functionality is 
effectively “associated such that the desired functionality is 
achieved. Hence, any two components herein combined to 
achieve a particular functionality can be seen as “associated 
with each other such that the desired functionality is 
achieved, irrespective of architectures or intermedial compo 
nents. Likewise, any two components so associated can also 
be viewed as being “operably connected, or “operably 
coupled, to each other to achieve the desired functionality, 
and any two components capable of being so associated can 
also be viewed as being “operably couplable', to each other to 
achieve the desired functionality. Specific examples of oper 
ably couplable include but are not limited to physically mate 
able and/or physically interacting components and/or wire 
lessly interactable and/or wirelessly interacting components 
and/or logically interacting and/or logically interactable com 
ponents. 

Returning to FIG. 1, as understood by one of ordinary skill 
in the art, the impulse response of the propagation channel 
can be viewed as the Superposition of multiple specular 
propagation paths 170, 175, and 180 between a transmitter 
110 and a receiver 150. 
As previously described with reference to FIG. 1, there are 

multiple propagation paths 170, 175, and 180 between the 
transmitter 110 and the receiver 150 wherein the signal, com 
prising an electromagnetic wave may bounce off the various 
buildings or bouncing points 120-124. The interactions 
between the electromagnetic wave and the bouncing points 
120-124 can be reflection, diffraction or scattering. The sig 
nals radiated from the transmitter 110 experience different 
distortions along these propagation paths 170, 175, and 180. 
The resulting multiple replica of the original transmitted sig 
nals are added at the receiver 150, either destructively or 
constructively. 

Typically, equalization techniques known in the art are 
used in the receivers 150 to recover the original transmitted 
signal by removing the distortions. After the impact of chan 
nel is perfectly equalized, the signals arriving at the receiver 
150 from different propagation paths 170, 175, and 180 are 
“aligned in phases and added constructively. 

Typical examples of equalization techniques include: 1) 
the RAKE receiving technique, which equalizes the channel 
in the delay domain; 2) the frequency equalization technique, 
widely adopted in the receivers based on OFDM transmis 
sion; and 3) the time-frequency equalization technique used 
in the receivers of 4G systems, such as the TD-LTE (Long 
Term-Evolution) wireless communication systems. 
As described more fully below with reference to FIG. 4, 

unlike the equalization technique which corrects the distor 
tion at the receiver 150 after receiving the signals, the user 
focusing technique adds pseudo “distortion' before the sig 
nals are transmitted at the transmitter 110. These “pre 
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8 
distorted signals are then transmitted in Such a way that the 
signal distortion can be successfully removed while propa 
gating. 
More specifically, as shown in FIG.4, the method begins at 

410 where a channel estimation of a first signal is performed 
So as to obtain path parameter information of the propagation 
path 170, 175, or 180. During this process, a transmitter 
transmits 420 a first signal from the transmitter 110 to the 
receiver 150. In one embodiment the first signal comprises 
distorted preambles or training sequences transmitted from 
the transmitter 110. After the first signal is received 430 at the 
receiver 150, a channel estimation algorithm is performed to 
obtain the estimates of the delay t, the Doppler frequency u, 
direction of arrival 2, direction of departure S2, and com 
plex amplitude C. for each of the propagation paths 170, 175, 
and 180. 

Various channel estimations may be used, including the 
SAGE algorithm. Other algorithms for estimating the param 
eters include Maximum likelihood estimation algorithms 
including the specular-path-based maximum likelihood 
method. One drawback of the maximum likelihood algo 
rithm, however is that it results in high complexity in many 
instances. However, when the generic model is correctly cho 
sen, the obtained parameter estimates have higher accuracy 
than those obtained by using other methods. 

Other examples of channel estimations which may be used 
include Spectral-based methods, including the Bartlett beam 
former, the Capon beam former, and the MUSIC (MUltiple 
Signal Classification) method. These methods are used to 
compute the power spectrum of the channel in multiple 
dimensions, e.g. in the delay, Doppler frequency and direc 
tions. These methods can return estimates of the path param 
eters with low complexity. They are practical and much more 
appropriate for real implementation than the maximum-like 
lihood based estimation methods. 

Still another channel estimation algorithm which may be 
used in association with the non-spectral-based method are 
Subspace-based techniques, such as the root-MUSIC tech 
nique, and the ESPRIT (Estimation of Signal Parameters 
based on Rotational-Invariance Technique) algorithm, as well 
as the extension of these algorithms, e.g. Propagator method 
and Unitary-ESPRIT technique. These algorithms have high 
accuracy, but because the input of these algorithms are the 
observations of channel from multiple independent Snapshots 
in order to avoid the singularity issue of the covariance matrix 
of received signals, data must be collected from multiple 
frames in a relatively long time window. 

Approximation of the maximum-likelihood method based 
on iterative schemes may also be used at step 410. These 
algorithms include the expectation-maximization (EM) 
method, the space-alternating generalized Expectation-maxi 
mization (SAGE) technique and the so-called RiMAX (Rich 
ter's maximum likelihood estimation) method. 

Alternatively, methods based on LSE (least-square-error) 
principles, such as the LMMSEE (Least minimum mean 
squared estimation error) estimator, and the covariance 
matrix fitting technique may also be used. 

Furthermore, new algorithms for estimating path param 
eters, which probably have not been disclosed, can also be 
used in our case. For example, the maximum-a-posterior 
based methods, the Bayesian techniques, might also be con 
sidered as important elements in the pre-distorting technique. 
Additionally, besides the estimation techniques, tracking 
algorithms may be used to get the estimates of path param 
eters, such as the Kalman filtering technique, the enhanced 
Kalman filtering technique, the particle filtering technique, 
the particle-filter based SAGE algorithm, etc. 
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Next, at 440 the receiver 150 feedbacks these path param 
eter information to the transmitter 110 via the propagation 
path 170, 175, or 180. This feedback operation can be per 
formed according to the existing protocols in wireless com 
munication systems. 

Then, at 450 for the next frame or block to transmit, the 
transmitter “pre-distorts a second signal and generates mul 
tiple signal replica with appropriate settings of the transmit 
ting time, transmitting pace and directions, receiving direc 
tions and complex weight of the signal. These settings are 
determined by the parameters of paths fed-back from the 
receiver at 440. These distorted replica are summed up and 
transmitted 460 from the transmitter 110 to the receiver 150. 
The signal is then received 470 at the receiver 150. 

In order to illustrate method and by way of example, the 
two propagation paths 170 and 180 of FIG. 1 may be com 
pared. The two paths 170 and 180 each exhibit different 
delays (because of the different path lengths), different direc 
tions of departure and of arrival (due to the different locations 
of the scatterers 120 and 122) and distinctive Doppler fre 
quency (due to the movement of the receiver 150 and the 
different constellation of the paths). 

In this example, (S2, S2, U.T.) correspond to the direc 
tion of departure, direction of arrival, delay, and Doppler 
frequency of path 170 and 180, respectively, where path 170 
corresponds to i=1 and path 180 corresponds to i=2. In the 
instance where there are Mantennas in the antenna array 260 
of the transmitter 110 and Nantennas in the antenna array 230 
of the receiver 150, a MxN replica of the transmitted signal is 
created at step 450 using the path parameter information sent 
to the transmitter 110 at 450 such that: 

Where c (G2) denotes the complex conjugate of the 
transmitter antenna array 260 response at the direction S2, 
c. *(G2) denotes the complex conjugate of the receiver 
antenna array 230 response at the direction S2, u(f) represents 
the transmitted signal represented in the frequency domain, 
represents the complex conjugate, and G) denotes Kronecker 
product. Notice that c(S2) and c are MX1 and NX1 
column vectors, respectively. Then the combined signal X(f) 
is calculated by Summing up the MXN signal replica. After 
that, the inverse Fourier transformation is applied to obtain 
the representation of X(t) in time domain, i.e. 

where F denotes the inverse Fourier transformation. 
As described more fully below, one benefit of the method 

and systems described herein is that a conventional equaliza 
tion process in the conventional receiver is not needed any 
more, because the pre-distortion can be removed automati 
cally by the propagation channel, i.e. the channel itself works 
as an equalizer. The signals propagating along different paths 
are completely aligned with the same phase when they arrive 
at the receiver 150, and thus, can be added constructively. The 
received signal in baseband representation can be directly 
sent to the demodulation block for further processing. 
One aspect of the method is that the training sequence is not 

“pre-distorted.” This is because the receiver 150 requires that 
the training sequence be distorted by propagation in order to 
estimate the parameters of the propagation paths. 
As may be understood by one of skill in the art, the use 

focusing technique can be tailored to Suffice different appli 
cation purposes. Whether these parameters may be advanta 
geous can depend on the objective of introducing the user 
focusing technique. For example, the information of the 
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10 
delays of individual paths is required when the user-focusing 
is used to synchronize the transmission through different 
paths in frequency domains. Similarly the Doppler frequency 
is required when the Synchronization is demanded in the time 
domain; the directions of departure are required when the 
signals are to be aligned in the input of multiple antennas in 
the transmitter side; the directions of arrival can be used when 
synchronization is performed at the output of the multiple 
antennas in the receiver side. Hence, depending on the 
requirements of the system, more or fewer parameters may be 
used in order to perform the pre-distorting described above, 
and the use of the parameters described herein may be modi 
fied without departing from the scope of the disclosure. 

Furthermore, it is possible to make use of new parameters 
for achieving more levels of user-focusing. For example, the 
polarization status of the propagation path can be used to 
achieve polarization synchronization, which leads to a new 
application of the user-focusing technique, i.e. focusing on 
specific users in polarization domains. 

Alternatively, the parameters regarding the system 
responses, rather than the propagation channels may be used. 
When multiple systems are used to make a focus on the same 
user, it may be beneficial to include the characteristics of 
these systems, in order to remove the impact of the systems. 
These parameters regarding the system response can be the 
excess processing delay time, phase noises, etc. 

FIGS. 5A-5C illustrate comparisons of the embodiments 
described herein to a conventional communication chain. 

FIG. 5A depicts the modification that can be implemented 
in the conventional communication system when the user 
focusing technique is applied. In the conventional configura 
tion, the transmitter 500 includes modulation blocks 510, a 
RF front end 520 and antennas 505a and 505b. The receiver 
550 includes a RF frontend530 a channel estimation module 
535, antennas 545a and 545b and a channel equalization 
module 540. 
By way of comparison, FIG. 5B illustrates the transmitter 

575 and receiver 580 according to the technology described 
herein. As described above, because the embodiments 
described herein utilize a pre-distortion technique performed 
in a modulation and pre-distortion block of the transmitter 
575, there is no need for the channel equalization block 540, 
as required in receiver 550. 

In another embodiment shown FIG. 5C, the receiver 550 
may be used to perform channel equalization in addition to 
the transmitter performing pre-distortion using a modulation 
and pre-distortion block 560. 

In the following, we compare the user-focusing technique 
described herein with the other conventional techniques cur 
rently known to one of ordinary skill in the art. As may be 
understood, the methods and systems described herein offer 
benefits not currently available using the configurations cur 
rently known to one of ordinary skill in the art. 
A. Comparison to the Coherent-Combination in the Joint 
Processing Technique Proposed for the CoMP System Speci 
fied in 3GPP. 

For the future generation wireless communications. Such 
as the LTE-Advanced systems, coordinated multiple-point 
(CoMP) transmission techniques will be used to improve the 
coverage of high-data rate in the cell edge. One of the tech 
nique used by CoMP is the joint processing (JP). In the 
3GPP technical standard, the word “coherent adding is used 
to indicate that the signals originated by different transmitters 
are combined constructively in the receiver. In our opinion, 
this “coherent adding is an extension of the standard channel 
equalization techniques used in single link wireless commu 
nication to the multi-link scenario, i.e. the impact of the 
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channels between the multiple transmitters and the receiver 
should be removed by equalization. 

This channel equalization process is different from the 
principle of the user-focusing technique described herein, 
which pre-distorts the transmitted signals in Such a way that 5 
the channel's effect is automatically equalized during the 
propagation. Furthermore, as described with FIG. 5C above, 
it is possible to utilize the user-focusing technique in the 
CoMP scenario, where every transmitter 575 uses the user 
focusing technique to transmit pre-distorted signals while a 
separate channel equalization process is performed at the 
receiver 550. 
As such, it is possible to use both equalization technique 

and pre-distortion technique at in the same system. As 
explained before, the equalization technique is used in the 
receiver 150, while the pre-distortion is applied in the trans 
mitter 110. When the pre-distorted technique is used, the 
complexity of the equalization may be significantly reduced 
in the receiver 150. 

For example, in an instance where the receiver 150 is 
moving at the speed of 350 km/h, the channel equalization 
block 540 of the receiver, such as the GSM terminals, is 
normally only able to Support the communication when the 
moving speed is up to 200 km/h. So when the user terminal 
moves beyond 200km/h, the communications become highly 
unstable. In order to maintain communication without sig 
nificantly modifying the receiver 150, the user-focusing tech 
nique described herein may be implemented in the transmitter 
110 by pre-distorting the signals in Such a way that the signal 
received in the receiver 150 is similar with those observed 
when the user equipment moves at the speed below 200 km/h. 
So in this example, the equalization and pre-distortion tech 
niques may be jointly used. Thus, the ability to distribute the 
complexity of coping channels in harsh conditions is 
increased. 

In another example, the receiver 150 may be configured as 
a part of a standard mobile phone where equalization is used, 
but where the mobile terminal is equipped with a single 
antenna, rather than multiple antennas, preventing its ability 
to do spatial equalization. However, the channel around the 
mobile terminal is still directive, meaning that the impinging 
waves exhibit different directions of arrival or directions of 
departure. 
The user-focusing technique may then be used to enforce 

the signals coming from different directions towards the 
receiver 150 to “focus on the receiver 150. Assuming that the 
transmitter 110 has multiple antennas in its antenna array 260, 
and that the transmitter 110 knows the directions of departure 
of certain propagation paths 170, 175, and 180 between the 
transmitter 110 and the receiver 150, the pre-distortion is 
added in the transmitter 110 to remove the selectivity in the 
space in proximity of the transmitter 110. This operation, 
although not completely removing the spatial selectivity, can 
mitigate the impact of the multipath on the receiver 150. 

In Summary, depending on the capability of the transmitter 55 
110 and the receiver 150 in the communication system, the 
pre-distortion and equalization can be implemented in differ 
ent domains and be used at the same time. 
B. Comparison to Precoding Techniques 
The systems and methods described hereincan make use of 60 

the concept of “pre-distortion, which has significant differ 
ence from the conventional precoding techniques. The latter 
can make use of simplified representations of channel, e.g. in 
terms of code-book, while the system and methods described 
above make use of the parameters of the propagation channel, 
e.g. the delay, Doppler frequencies, directions of departure 
and directions of arrival. This full-dimensional parametric 
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description of the channel can be much more accurate than 
using the codebooks. Furthermore, only by using the precise 
channel parameters, synchronization of the signals to form a 
“focus on specific user can be possible. The conventional 
precoding techniques cannot be used to create a concentration 
of the signal at a certain point (which can move) in space. 
C. Comparison to the SDMA Technique 
The Smart antenna of the SDMA (spatial division multi 

plexing access) technique can make use of SDMA technique 
to direct the beam to the certain directions. However, in 
SDMA, there is no concept of pre-distortion of the signals in 
time, frequency and space domains, as described above. Fur 
thermore, embodiments described herein require that the 
propagation paths be differentiable in the directions, and also 
in the delay, Doppler frequency. By conducting the pre-dis 
tortion in time, frequency and space jointly, the method 
described above is able to create a focus of the signal follow 
ing a moving point in an environment with multi-path rich 
CSS. 

D. Comparison to the Multipath-Based Channel Simulation 
Technique 
The geometrical stochastic channel models (GSCM) are 

widely used for simulating the propagation channel when 
performing conformity test for e.g. the IMT-Advanced sys 
tems. In these models, multiple paths characterized by delay, 
Doppler, directions and polarizations are added to reproduce 
the time-variant channels. While the user-focusing system 
and methods described herein utilize multiple propagation 
paths, the concept of per-path-modulation and the pre-distor 
tion method are different from the method used the GSCM 
based channel simulation. 
E. Comparison to Pre-Equalization Techniques 
The user-focusing system and methods described herein 

pre-distort transmitted signals in 3 dimensions, i.e. time, fre 
quency and spatial domains. Furthermore, it can be beneficial 
to point out that the parameters considered for pre-distorting 
are delays, Doppler frequencies and directions of arrival and 
of departure of multiple propagation paths, rather than the 
"taps’, allowing for counteracting the phase drifting in time, 
frequency and space samples. 

Furthermore, the pre-equalization techniques usually rely 
on the structure of finite impulse response (FIR) filter, while 
the user-focusing systems and methods described herein use 
individual propagation path without requiring a finite impulse 
response. Additionally, while the pre-equalization technique 
aims at removing the inter-symbol-interferences (ISI) in the 
frequency and spatial domains, the user-focusing systems and 
methods remove the ISI in time, frequency and spatial 
domains. This enables the user-focusing technique to be per 
formed in time-variant cases in environments with rapidly 
changing channels, while the pre-equalization technique is 
only applicable in the fixed wireless, wireless local loop sys 
temS. 

The user-focusing technique can be used in conventional 
wireless communication systems, future generation of wire 
less communication systems, such as the Long-Term-evolu 
tion (LTE)-Advanced, the ad-hoc wireless network, e.g. the 
vehicular wireless networks, as well as in the contexts of 
non-communication applications. Such as powertransferring, 
no-harm operation, and sensor networks. So it is valuable to 
the equipment manufacturers, designers, research and devel 
oping companies in these areas. 

In addition to the embodiments described above, the meth 
ods described herein can be applied to a variety of existing 
communications systems. By way of illustration, the follow 
ing are examples of Scenarios where the user-focusing tech 
nique described above may be used: 
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Example 1 

Communications systems including single transmitter and 
single receiver MIMO scenarios. The user-focusing tech 
nique can be used in the system with one transmitter and one 
receiver. Compared with the systems without the user-focus 
ing technique, the new system can Support higher throughput, 
and may work more stably in the environments with poor 
channels. 

Example 2 

Communication systems including multiple transmitter 
and single receiver SISO (single-input single-output) sce 
narios. The user-focusing technique can be implemented in 
the transmitter side. When the transmitters are synchronized 
in time and frequencies, the transmitters can coordinate in 
Such a way that the signals coming from difference transmit 
ters will not exhibit transmitting selectivity. This can help 
build e.g. the Coordinated Multiple-Point (CoMP) systems. 

Example 3 

Communication systems including multiple transmitter 
and multiple receiver SISO scenarios. When multiple receiv 
ers are present in the network, the user-focusing technique 
can also be implemented when the channels among the trans 
mitter and the receivers are known. 

Example 4 

Communication systems including multiple transmitter 
and multiple receiver MIMO scenarios. The user-focusing 
technique can utilize the directional channel properties when 
the MIMO configuration is considered. 

Example 5 

Broadcasting scenarios with known channels between the 
broadcasting station and the receiver. 

Example 6 

Broadcasting with multiple base stations in a single net 
work. 

Example 7 

Remote sensing. The user-focusing technique allows the 
electromagnetic waves to focus on certain point, which might 
be stationary or moving, in the 3-D or even 4-D, when time is 
considered as an additional dimension. This feature makes 
the technique applicable to monitor the changes at specific 
locations in real environments. 

Example 8 

Remote charging. The user-focusing technique can con 
centrate the energy transmitted at specific receiving location. 
When there is certain equipment located at specific places, the 
transmitter can use multiple channels to transfer the energy to 
the equipment. The energy in the electromagnetic field 
focused on specific points can be transferred to other kinds of 
energy in desired forms, such as thermal and electric energy, 
thus making operations, e.g. remote charging, possible. 

The above mentioned applications are all based on com 
bining the user-focusing technique with existing systems. 
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The advantages of the systems augmented with user-focusing 
functions are the increased energy-usage-efficiency, better 
and robust performance. Furthermore, for communications 
systems, if the user-focusing technique is used, the cost of 
constructing a system might be reduced since deploying base 
stations can be done in a more flexible way. This is owing to 
the inherent property of the user-focusing technique, i.e. the 
resources in the environmentare fully exploited for achieving 
specific goals. 

Hence, the user-focusing methods and systems described 
herein have various advantages including removal of the fast 
fading effect of the signals by compensating the delays, Dop 
pler frequencies, direction of arrival and direction of depar 
ture of the propagation paths. This can significantly reduce 
the burden of developing advanced receivers in communica 
tion systems. 

Additionally, the systems and methods described herein 
make use of the parameters of propagation instead of the 
simplified channel status information, and thus, the focus 
resulted can be highly concentrated. The interference cancel 
lation is much more efficient by using the user-focusing than 
the conventional methods relying on e.g. the precoding tech 
niques. 

Furthermore, the user-focusing technique can be general 
ized and used for many purposes other than wireless commu 
nications, such as wireless power transferring to specific 
points, wireless charging of battery at remote positions, and 
accurate point-point wireless connection in the area where the 
users are very dense. 

Also, the methods and systems described herein save 
power, as the transmission is conducted in a very efficient 
manner. No energy is wasted on non-existing propagation 
paths. 

Finally, the systems and methods described herein are eas 
ily implemented because the modification is mainly including 
the pre-distortion function in the transmitter side. With 
respect to the use of Substantially any plural and/or singular 
terms herein, those having skill in the art can translate from 
the plural to the singular and/or from the singular to the plural 
as is appropriate to the context and/or application. The vari 
ous singular/plural permutations may be expressly set forth 
herein for sake of clarity. 

In an illustrative embodiment, any of the operations, pro 
cesses, etc. described herein can be implemented as com 
puter-readable instructions stored on a computer-readable 
medium. The computer-readable instructions can be executed 
by a processor of a mobile unit, a network element, and/or any 
other computing device. 

There is little distinction left between hardware and soft 
ware implementations of aspects of systems; the use of hard 
ware or software is generally (but not always, in that in certain 
contexts the choice between hardware and software can 
become significant) a design choice representing cost VS. 
efficiency tradeoffs. There are various vehicles by which pro 
cesses and/or systems and/or other technologies described 
herein can be effected (e.g., hardware, Software, and/or firm 
ware), and that the preferred vehicle will vary with the context 
in which the processes and/or systems and/or other technolo 
gies are deployed. For example, if an implementer determines 
that speed and accuracy are paramount, the implementer may 
opt for a mainly hardware and/or firmware vehicle: if flex 
ibility is paramount, the implementer may opt for a mainly 
Software implementation; or, yet again alternatively, the 
implementer may opt for Some combination of hardware, 
software, and/or firmware. The modules recited herein can 
include hardware and/or software. 
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The present disclosure is not to be limited in terms of the 
particular embodiments described in this application, which 
are intended as illustrations of various aspects. Many modi 
fications and variations can be made without departing from 
its spirit and scope, as will be apparent to those skilled in the 
art. Functionally equivalent methods and apparatuses within 
the scope of the disclosure, in addition to those enumerated 
herein, will be apparent to those skilled in the art from the 
foregoing descriptions. Such modifications and variations are 
intended to fall within the scope of the appended claims. The 
present disclosure is to be limited only by the terms of the 
appended claims, along with the full scope of equivalents to 
which such claims are entitled. It is also to be understood that 
the terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be limit 
ing. 

With respect to the use of substantially any plural and/or 
singular terms herein, those having skill in the art can trans 
late from the plural to the singular and/or from the singular to 
the plural as is appropriate to the context and/or application. 
The various singular/plural permutations may be expressly 
set forth herein for sake of clarity. 

It will be understood by those within the art that, in general, 
terms used herein, and especially in the appended claims 
(e.g., bodies of the appended claims) are generally intended 
as “open’ terms (e.g., the term “including should be inter 
preted as “including but not limited to the term “having 
should be interpreted as “having at least, the term “includes’ 
should be interpreted as “includes but is not limited to, etc.). 
It will be further understood by those within the art that if a 
specific number of an introduced claim recitation is intended, 
such an intent will be explicitly recited in the claim, and in the 
absence of Such recitation no such intent is present. For 
example, as an aid to understanding, the following appended 
claims may contain usage of the introductory phrases “at least 
one' and “one or more' to introduce claim recitations. How 
ever, the use of such phrases should not be construed to imply 
that the introduction of a claim recitation by the indefinite 
articles 'a' or “an limits any particular claim containing 
Such introduced claim recitation to embodiments containing 
only one Such recitation, even when the same claim includes 
the introductory phrases “one or more' or “at least one' and 
indefinite articles such as “a” or “an” (e.g., “a” and/or “an 
should be interpreted to mean “at least one or “one or 
more'); the same holds true for the use of definite articles 
used to introduce claim recitations. In addition, even if a 
specific number of an introduced claim recitation is explicitly 
recited, those skilled in the art will recognize that such reci 
tation should be interpreted to mean at least the recited num 
ber (e.g., the bare recitation of “two recitations.” without 
other modifiers, means at least two recitations, or two or more 
recitations). Furthermore, in those instances where a conven 
tion analogous to “at least one of A, B, and C, etc. is used, in 
general Such a construction is intended in the sense one hav 
ing skill in the art would understand the convention (e.g., “a 
system having at least one of A, B, and C would include but 
not be limited to systems that have A alone, B alone, C alone, 
A and B together, A and C together, B and C together, and/or 
A, B, and C together, etc.). In those instances where a con 
vention analogous to “at least one of A, B, or C, etc. is used, 
in general Such a construction is intended in the sense one 
having skill in the art would understand the convention (e.g., 
“a system having at least one of A, B, or C would include but 
not be limited to systems that have A alone, B alone, C alone, 
A and B together, A and C together, B and C together, and/or 
A, B, and C together, etc.). It will be further understood by 
those within the art that virtually any disjunctive word and/or 
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phrase presenting two or more alternative terms, whether in 
the description, claims, or drawings, should be understood to 
contemplate the possibilities of including one of the terms, 
either of the terms, or both terms. For example, the phrase “A 
or B will be understood to include the possibilities of “A” or 
B Or A and B. 
In addition, where features or aspects of the disclosure are 

described in terms of Markush groups, those skilled in the art 
will recognize that the disclosure is also thereby described in 
terms of any individual member or subgroup of members of 
the Markush group. 
As will be understood by one skilled in the art, for any and 

all purposes, such as in terms of providing a written descrip 
tion, all ranges disclosed herein also encompass any and all 
possible Subranges and combinations of Subranges thereof. 
Any listed range can be easily recognized as Sufficiently 
describing and enabling the same range being broken down 
into at least equal halves, thirds, quarters, fifths, tenths, etc. As 
a non-limiting example, each range discussed herein can be 
readily broken down into a lower third, middle third and 
upper third, etc. As will also be understood by one skilled in 
the art all language such as “up to.” “at least, and the like 
include the number recited and refer to ranges which can be 
Subsequently broken down into Subranges as discussed 
above. Finally, as will be understood by one skilled in the art, 
a range includes each individual member. Thus, for example, 
a group having 1-3 cells refers to groups having 1, 2, or 3 cells. 
Similarly, a group having 1-5 cells refers to groups having 1. 
2, 3, 4, or 5 cells, and so forth. 
From the foregoing, it will be appreciated that various 

embodiments of the present disclosure have been described 
herein for purposes of illustration, and that various modifica 
tions may be made without departing from the scope and 
spirit of the present disclosure. Accordingly, the various 
embodiments disclosed herein are not intended to be limiting, 
with the true scope and spirit being indicated by the following 
claims. All references recited herein are incorporated herein 
by specific reference in their entirety. 
The invention claimed is: 
1. A method for wireless communication in a system 

including a transmitter, a receiver, and a plurality of propa 
gation paths formed between the transmitter and the receiver 
which are capable of carrying a signal transmitted by the 
transmitter to the receiver, the method comprising: 

transmitting a first signal from the transmitter to the 
receiver via a first propagation path of the plurality of 
propagation paths; 

receiving the first signal at the receiver; 
performing a channel estimation based on the first signal to 

obtain path parameter information of the first propaga 
tion path; 

sending the channel estimation that includes the path 
parameter information from the receiver to the transmit 
ter via the first propagation path; 

predistorting a second signal at the transmitter in a time 
domain, a frequency domain, and a spatial domain, 
according to the channel estimation based on the first 
signal; 

transmitting the predistorted second signal from the trans 
mitter to the receiver via the first propagation path; and 

receiving the predistorted second signal at the receiver. 
2. The method of claim 1, wherein the path parameter 

information of the first propagation path includes at least one 
of an estimation of a delay, an estimation of a Doppler fre 
quency, an estimation of a direction of arrival, an estimation 
of a direction of departure, and an estimation of a complex 
amplitude of the first propagation path. 
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3. The method of claim 2, wherein the path parameter 
information of the first propagation path further includes an 
estimation of a polarization status of the first propagation 
path. 

4. The method of claim 1, wherein the path parameter 
information is obtained by at least one estimation technique 
of the group consisting of a maximum-likelihood estimation 
algorithm, periodogram, correlatorgram, spectral-based 
methods, Bartlett beam formers, Capon beam formers, sub 
space-based techniques, MUSIC (MUltiple SIgnal Classifi 
cation), ESPRIT (Estimation of Signal Parameters via Rota 
tional Invariance Techniques), approximation of the 
maximum-likelihood method based on iterative schemes, 
SAGE (Space-Alternating Generalized Expectation-maximi 
zation), RiMAX (Richter's Maximum Likelihood method), 
maximum-a-posteriori based methods, Evidence Frame 
work, Bayesian techniques, tracking algorithms, Kalman fil 
tering techniques, enhanced Kalman filtering techniques, par 
ticle filtering techniques, and least-square-error methods. 

5. The method of claim 1, the method further comprising: 
performing a system response estimation of the first signal 

to obtain parameter information of the system; 
sending the system response estimation from the receiver 

to the transmitter via the first propagation path; and 
further predistorting the predistorted second signal at the 

transmitter according to the system response estimation. 
6. The method of claim 1, further comprisingequalizing the 

predistorted second signal at the receiver. 
7. The method of claim 6, wherein equalizing the predis 

torted second signal is performed using a joint processing 
technique in a coordinated multiple-point (CoMP) system. 

8. A system for wireless communication comprising: 
a receiver, 
a transmitter; and 
a plurality of propagation paths formed between the trans 

mitter and the receiver which are capable of carrying a 
signal transmitted by the transmitter to the receiver, 

wherein the receiver is configured to receive a first signal 
that is transmitted along a first propagation path of the 
plurality of propagation paths from the transmitter, per 
form a channel estimation based on the first signal to 
obtain path parameter information of the first propaga 
tion path, and send the channel estimation that includes 
the path parameter information to the transmitter via the 
first propagation path, and 

wherein the transmitter is configured to predistort a second 
signal in a time domain, a frequency domain, and a 
spatial domain according to the channel estimation that 
is based on the first signal and received from the receiver 
and to transmit the predistorted second signal to the 
receiver via the first propagation path. 

9. The system of claim 8, wherein the path parameter 
information of the first propagation path includes at least one 
of an estimation of a delay, an estimation of a Doppler fre 
quency, an estimation of a direction of arrival, an estimation 
of a direction of departure, and an estimation of a complex 
amplitude of the first propagation path. 

10. The system of claim 8, wherein the path parameter 
information of the first propagation path further includes an 
estimation of a polarization status of the first propagation 
path. 

11. The system of claim 8, wherein the path parameter 
information is obtained by at least one estimation technique 
of the group consisting of a maximum likelihood estimation 
algorithm, periodogram, correlatorgram, spectral-based 
methods, Bartlett beam formers, Capon beam formers, sub 
space-based techniques, MUSIC (MUltiple SIgnal Classifi 
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18 
cation), ESPRIT (Estimation of Signal Parameters via Rota 
tional Invariance Techniques), approximation of the 
maximum-likelihood method based on iterative schemes, 
SAGE (Space-Alternating Generalized Expectation-maximi 
zation), RiMAX (Richter's Maximum Likelihood method), 
maximum-a-posteriori based methods, Evidence Frame 
work, Bayesian techniques, tracking algorithms, Kalman fil 
tering techniques, enhanced Kalman filtering techniques, par 
ticle filtering techniques, and least-square-error methods. 

12. The system of claim 8, wherein the transmitter and the 
receiver each comprise multiple antennas in a multiple-input 
and multiple-output (MIMO) wireless communication sys 
tem or a single antenna in a single-input and single-output 
(SISO) wireless communication system. 

13. The system of claim 8, wherein the receiver is further 
configured to perform a system response estimation of the 
first signal to obtain parameter information of the system and 
to send the system response estimation from the receiver to 
the transmitter via the first propagation path, 

wherein the transmitter is further configured to further 
predistort the predistorted second signal according to the 
system response estimation. 

14. The system of claim 8, wherein the receiver is further 
configured to equalize the predistorted second signal. 

15. A base station for performing wireless communication 
with a receiver in a wireless device via a plurality of propa 
gation paths, the base station comprising: 

a transmitter, 
a computing device; and 
a computer-readable storage medium having computer 

executable instructions stored thereon that are execut 
able by the computing device to perform operations 
comprising: 
transmitting a first signal from the transmitter to the 

receiver via a first propagation path of the plurality of 
propagation paths; 

receiving a channel estimation based on the first signal, 
the channel estimation including path parameter 
information of the first propagation path; 

predistorting a second signal in a time domain, a fre 
quency domain, and a spatial domain according to the 
channel estimation based on the first signal; and 

transmitting the predistorted second signal from the 
transmitter to the receiver via the first propagation 
path. 

16. The base station of claim 15, wherein the path param 
eter information of the first propagation path includes at least 
one of an estimation of a delay, an estimation of a Doppler 
frequency, an estimation of a direction of arrival, an estima 
tion of a direction of departure, an estimation of a complex 
amplitude of the first propagation path, and an estimation of a 
polarization status of the first propagation path. 

17. The base station of claim 15, wherein the transmitter 
comprises multiple antennas in a multiple-input and multiple 
output (MIMO) wireless communication system or a single 
antenna in a single-input and single-output (SISO) wireless 
communication system. 

18. The base station of claim 15, wherein the computing 
device performs further operations comprising: 

receiving a system response estimation of the first signal 
that contains parameter information of the base station, 
the wireless device, and of the first propagation path; and 

further predistorting the predistorted second signal accord 
ing to the system response estimation. 
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19. A wireless device for performing wireless communi 
cation with a base station with a transmitter via a plurality of 
propagation paths, the wireless device comprising: 

a receiver, 
a computing device; and 
a computer-readable storage medium having computer 

executable instructions stored thereon that are execut 
able by the computing device to perform operations 
comprising: 
receiving a first signal at the receiver via a first propa 

gation path of the plurality of propagation paths; 
performing a channel estimation based on the first signal 

to obtain path parameter information of the first 
propagation path; 

sending the channel estimation that includes the path 
parameter information to the transmitter, and 

receiving a second signal via the first propagation path, 
the second signal predistorted in a time domain, a 
frequency domain, and a spatial domain according to 
the channel estimation based on the first signal. 

20. The wireless device of claim 19, wherein the path 
parameter information of the first propagation path includes 
at least one of an estimation of a delay, an estimation of a 
Doppler frequency, an estimation of a direction of arrival, an 
estimation of a direction of departure, and an estimation of a 
complex amplitude of the first propagation path. 

21. The wireless device of claim 20, wherein the path 
parameter information of the first propagation path further 
includes an estimation of a polarization status of the first 
propagation path. 

22. The wireless device of claim 19, wherein the path 
parameter information is obtained by at least one estimation 
technique of the group consisting of a maximum likelihood 
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estimation algorithm, periodogram, correlatorgram, spectral 
based methods, Bartlett beam formers, Capon beam formers, 
subspace-based techniques, MUSIC (MUltiple SIgnal Clas 
sification), ESPRIT (Estimation of Signal Parameters via 
Rotational Invariance Techniques), approximation of the 
maximum-likelihood method based on iterative schemes, 
SAGE (Space-Alternating Generalized Expectation-maximi 
zation), RiMAX (Richter's Maximum Likelihood method), 
maximum-a-posteriori based methods, Evidence Frame 
work, Bayesian techniques, tracking algorithms, Kalman fil 
tering techniques, enhanced Kalman filtering techniques, par 
ticle filtering techniques, and least-square-error methods. 

23. The wireless device of claim 19, wherein the receiver 
comprises multiple antennas in a multiple-input and multiple 
output (MIMO) wireless communication system or a single 
antenna in a single-input and single-output (SISO) wireless 
communication system. 

24. The wireless device of claim 19, wherein the comput 
ing device performs further operations comprising: 

receiving a third signal along another of the plurality of 
propagation paths, the third signal being phase aligned 
with the second signal when received by the receiver 
Such that no equalization of the second and third signals 
is performed by the wireless device. 

25. The wireless device of claim 19, wherein the comput 
ing device performs further operations comprising: 

generating a system response estimation of the first signal 
that contains parameter information of the base station, 
the wireless device, and of the first propagation path; and 

receiving the second signal predistorted based on the sys 
tem response estimation. 

k k k k k 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

In The Drawings 

In Fig. 3, Sheet 2 of 4, delete “UP/UC/DSP and insert -- uP/uC/DSP --, therefor. (See Attached 
Sheet) 
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The present application is a U.S. national stage filing under 35 U.S.C. S371 of International 
Application No. PCT/CN2011/077718, filed on July 28, 2011, the entire contents of which are 
incorporated herein by reference. --. 
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