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nication system in a time slot. Some example methods include obtaining an estimated transmit signal for a transmit antenna of the
wireless communication system. The estimated transmit signal may be illustrated on a constellation diagram in accordance with a
modulation scheme of the wireless communication system. Example methods further include calculating a distance between the es -
timated transmit signal and a corresponding constellation point on the constellation diagram. The corresponding constellation point
is the closest constellation point for the estimated transmit signal among all constellation points in accordance with the modulation
scheme of the wireless communication system. Example methods further include determining whether the transmit antenna is likely

to transmit the signal received at the receiver based on the distance.
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APPARATUS AND METHOD FOR PROCESSING SIGNAL

IN WIRELESS COMMUNICATION SYSTEM

BACKGROUND OF THE DISCLOSURE

Description of the Related Art

[0001] Spatial modulation refers to a transmission technique in multiple input and
multiple output (MIMO) systems. In a spatial modulation scheme, only one
transmit antenna is active at a specified time slot while the other transmit
antennas in the MIMO system are inactive in the same specified time slot. Also,
some approaches to process the signals received at the receiver of the MIMO
system have been proposed. Example processing approaches may include

maximum ratio combination, maximize likelihood, and sphere decoder.
SUMMARY

[0002] Embodiment of the disclosure set forth methods for processing a signal
received at a receiver in a wireless communication system in a time slot. Some
example methods include obtaining an estimated transmit signal for a transmit
antenna of the wireless communication system. The estimated transmit signal
may be illustrated on a constellation diagram in accordance with a modulation
scheme of the wireless communication system. Example methods further include
calculating a distance between the estimated transmit signal and a corresponding
constellation point on the constellation diagram. The corresponding constellation
point is the closest constellation point for the estimated transmit signal among all
constellation points in accordance with the modulation scheme of the wireless
communication system. Example methods further include determining whether
the transmit antenna is likely to transmit the signal received at the receiver based

on the distance.

[0003] Other embodiments may generally relate to non-transitory computer-
readable medium containing instructions for processing a signal received at a
receiver in a wireless communication system in a time slot. One example non-
transitory computer-readable medium may contain instructions, which when
executed by a computing device, causes the computing device to obtain an

estimated transmit signal for a transmit antenna of the wireless communication
1
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system, calculate a distance between the estimated transmit signal and a
corresponding constellation point on a constellation diagram in accordance with a
modulation scheme of the wireless communication system and determine
whether the transmit antenna is likely to transmit the signal received at the
receiver based on the distance. The estimated transmit signal may be illustrated
on the constellation diagram. The corresponding constellation point may be the
closest constellation point for the estimated transmit signal among all
constellation points in accordance with the modulation scheme of the wireless

communication system.

[0004] Additional embodiments may generally relate to computing devices
configured to process a signal received at a receiver in a wireless communication
system in a time slot. One example computing device may contain a processing
unit. The processing unit is configured to obtain an estimated transmit signal for
a transmit antenna of the wireless communication system, calculate a distance
between the estimated transmit signal and a corresponding constellation point on
a constellation diagram in accordance with a modulation scheme of the wireless
communication system and determine whether the transmit antenna is likely to
transmit the signal received at the receiver based on the distance. The estimated
transmit signal may be illustrated on the constellation diagram. The
corresponding constellation point may be the closest constellation point for the
estimated transmit signal among all constellation points in accordance with the

modulation scheme of the wireless communication system.

[0005] The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become

apparent by reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing and other features of the present disclosure will become
more fully apparent from the following description and appended claims, taken in
conjunction with the accompanying drawings. Understanding 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

2
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described with additional specificity and detail through use of the accompanying

drawings.

[0007] FIG. 1 is a constellation diagram illustrating constellation points ri’ and
estimated transmit vector elements r;;;

FIG. 2 is a flow chart 200 illustrating an example process of processing a
signal received at a receiver of a wireless communication system in a time slot;

FIG. 3 is a block diagram 300 illustrating the software modules of a
computer program executed by a processor for processing a signal received at a
receiver of a wireless communication system; and

FIG. 4 is a block diagram illustrating a computing device 400 for
processing a signal received at a receiver of a wireless communication system,
all arranged in accordance with at least some embodiments of the present

disclosure.

DETAILED DESCRIPTION

[0008] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar
symbols typically identify similar components, 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 presented here. 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, combined, and designed in a wide
variety of different configurations, all of which are explicitly contemplated and

make part of this disclosure.

[0009] This disclosure is drawn, inter alia, to methods, apparatus, computer
programs, and systems related to processing received signal at a receiver in a

wireless communication system.

[0010] In this disclosure, a “constellation diagram” is a representation of a signal
modulated by a modulation scheme (e.g., quadrature amplitude
modulation or phase-shift keying). The constellation diagram displays the signal

as a two-dimensional scatter diagram in the complex plane at symbol sampling
3



WO 2013/177776 PCT/CN2012/076333

instants. A “constellation point” is a point illustrated on the constellation diagram
in accordance with the modulation scheme. For example, if the modulation
scheme is binary phase shift keying modulation scheme, the constellation point
may be [-1+0i] or [1+0i]. If the modulation scheme is quadrature phase shift
keying modulation scheme, the constellation point may be [-0.7071-0.70711],
[-0.7071+0.7071i], [0.7071-0.7071i] or [0.7071+0.7071i].

[0011] In this disclosure, a wireless communication system may be a multiple
input and multiple output (MIMO) system. A MIMO system includes a transmitter
with multiple transmit antennas and a receiver with multiple receive antennas. In
some embodiments, the MIMO system is spatially modulated. The spatial
modulation scheme may be applied to any MIMO system with any number of
transmit antennas and receive antennas. For example, the spatial modulation
scheme may be applied to a MIMO system having N transmit antennas and M

receive antennas in which N is greater than M.

[0012] The MIMO system set forth above may have a channel matrix of He C**" .
In some embodiments, when the elements of the channel matrix H are complex
Gaussian random variables with zero mean and unit variance, the receive vector
(i.e., signal received at the receiver of the MIMO system) y is then given by:
y=Hx+n (1)

where x denotes the transmit vector (i.e., signal transmitted by the transmitter) of
the MIMO system and n is the additive white Gaussian noise (AWGN) vector with
variance ¢”. In the spatially modulated MIMO system, x is the transmitted signal

from a specific transmit antenna.

[0013] Through the matrix operation, Hx+n is illustrated as:
Hx+n=hx;+n (2)
in which h; denotes the i-th column of H, x; denotes the i-th row of x and i is an

integer from 1 to N.

[0014] An estimated transmit vector r, which corresponds to the transmit vector x,
may be obtained by multiplying the pseudo inverse of H with y. The estimated

transmit vector r consists of elements of 7, where i may be from 1 to N. Also, r,

may be illustrated as:
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n=gy (3)
where g, represents the pseudo inverse of h;. In some embodiments, » may be

illustrated as a complex symbol on the constellation diagram of the MIMO system.

[0015] For any of r;, a corresponding constellation point ;" may be identified
among all constellation points on the constellation diagram in accordance with the
modulation scheme of the MIMO system. In some embodiments, the
constellation point 7, is the closest constellation point among all constellation

points for . With the identified constellation point, the distance d, between r;’

and r, on the constellation diagram of the MIMO system may be calculated.

[0016] After obtaining d; for all transmit antennas of the MIMO system, an antenna

index U is defined based on d; (i=1 to N), which is given by:
U =[u,uy,...uy ] (4)

where u; is the specific transmit antenna of the MIMO system corresponding to
the d; having the minimum magnitude, and uy is the specific transmit antenna of

the MIMO system corresponding to the d; having the maximum magnitude.

[0017] In some embodiments, p elements of U are selected from u; to u,, where 1
to p are continuous. The number of p may be configurable. Among u; to u,, the

transmit antenna «’ which most likely transmitted the signal may be give by:

!

u'= argmin ]Hy—hi’?HZ (5)

?ief,ie[ul,~~~,up

Therefore, the symbol s transmitted by the transmit antenna «’ may be given by:
5= Ty (6)

[0018] In one illustrating example MIMO system, where N=4, M=2, p=2 and with
binary phase shift keying (BPSK) modulation scheme, input bits of a transmitted
signal through a transmit antenna may consist of three bits. The first two bits are
used to identify the transmit antenna and the third bit is the data bit of the signal.
For example, a signal having three input bits of 000 indicates the signal is
transmitted by the first antenna (i.e., the first two bits of 00) of the MIMO system

and carries a data bit of O (i.e., the third bit of 0). The data bit may be modulated
5
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in accordance with the BPSK modulation scheme of the MIMO system.
Accordingly, input bits of 1 and 0 are modulated to symbols of [1+0i] and [-1+0i]
on the constellation diagram of the MIMO system, respectively. Table 1
describes relations among input bits, transmit antenna index, data bit and

transmitted symbol.

Igﬁ:t transrinr:hggtenna dg\itta symbol
000 1 0 [-1+0i]
001 1 1 [1+0i]
010 2 0 [-1+0i]
011 2 1 [1+0i]
100 3 0 [-1+0i]
101 3 1 [1+0i]
110 4 0 [-1+0i]
111 4 1 [1+0i]
Table 1

in which the first two bits of 00, 01, 10 and 11 indicate the signals are transmitted

by the first, second, third and fourth antennas of the MIMO system, respectively.

[0019] Assuming the input bits of the transmitted signal are “100,” the transmit

vector x is [0 0 -1 0]". With the channel matrix and noise vector below,

-0.3059+0.23141 0.0886-0.13201 -0.8107- 0.41601 0.8409 - 0.09641
-1.1777+0.12351 0.2034 +0.51321 0.8421 + 1.54371 -0.0266 + 0.08061

n=[-0.0049+0.0089% 0.0061-00113i]

the receive vector y=Hx+n = [0.8058 +0.424%91 -0.8360 - 1.55501]T .

Then, r;, ri and d; where i is from 1 to 4, are calculated below and illustrated in
FIG. 1:

ry = [-0.1974-0.1491i -0.7601-0.0797i][0.8058+0.4249i -0.8360-1.5550i]"
= [0.4159+1.0444i]:

ry’ = [1+40i];

ds=1.1963;
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r, = [0.2685+0.4000i 0.6163-1.5551i][0.8058+0.4249i -0.8360-1.5550i]"
= [-2.8869+0.7781il;

ry’ = [-1+0i],
d> = 2.0411;

rs = [-0.2067+0.10611i 0.2147-0.3936i][0.8058+0.4249i -0.8360-1.5550i]"
= [-1.0031-0.0072i]

r3’ = [-1+0i];
dsz=0.0078;

rs=[1.1621+0.1332i -0.0368-0.1114i][0.8058+0.4249i -0.8360-1.5550i]"
= [0.7374+0.7514i]:

ry = [1+0i]; and
ds=0.7960.

therefore, U=[3, 4, 1, 2]. Because p=2, the third antenna (i.e., uy) and the fourth

antenna (i.e., u») are selected for further processing:

[y =ho7 [ =[[0.8058 + 042491 -0.8360 - 1.5550i] ~[0.8107 - 0.4160i 0.8421 +1.5437i] [—1]”2
~0.0003

[y =7, = |[0.8058 +0.4249  -0.8360 - 1.5550i] ~[0.8409 - 0.0964i  0.0266 +0.0806i] [+1]H2
—~3.6032

Based on equations (5) and (6), the transmit antenna v’ which most likely
transmitted the signal is the third transmit antenna and the symbol s transmitted
by the third transmit antenna is r3’ (i.e., [-1+0i]). Therefore, in accordance with
Table 1, the input bits should be 100.

[0020] In one illustrating example MIMO system, where N=4, M=2, p=2 and with
quadrature phase shift keying (QPSK) modulation scheme, input bits of a signal
transmitted by a transmit antenna may consist of four bits. The first two bits are
used to identify the transmit antenna and the third and the fourth bits are the data
bits of the signal. For example, a signal having four input bits of 0000 indicates

the signal is transmitted by the first antenna (i.e., the first two bits of 00) of the
7
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MIMO system and carries two data bits of 00 (i.e., the third and the fourth bits of
00). The data bits may be modulated in accordance with the QPSK modulation
scheme of the MIMO system. Accordingly, input bits of 00, 01, 10 and 11 are
modulated to symbols of [-0.7071-0.7071i], [-0.7071+0.7071i], [0.7071-0.7071i]
and [0.7071-+0.7071i] on the constellation diagram of the MIMO system,
respectively. Table 2 describes relations among input bits, transmit antenna

index, data bits and transmitted symbol.

input transmit data

bits antenna index bits symbol

0000 1 00 [-0.7071-0.7071i]
0001 1 01 [-0.7071+0.7071i]
0010 1 10 [0.7071-0.7071i]
0011 1 11 [0.7071-+0.7071i]
0100 2 00 [-0.7071-0.7071i]
0101 2 01 [-0.7071+0.7071i]
0110 2 10 [0.7071-0.7071i]
0111 2 11 [0.7071-+0.7071i]
1000 3 00 [-0.7071-0.7071i]
1001 3 01 [-0.7071+0.7071i]
1010 3 10 [0.7071-0.7071i]
1011 3 11 [0.7071-+0.7071i]
1100 4 00 [-0.7071-0.7071i]
1101 4 01 [-0.7071+0.7071i]
1110 4 10 [0.7071-0.7071i]
1111 4 11 [0.7071-+0.7071i]

Table 2

in which the first two bits of 00, 01, 10 and 11 indicate the signals are transmitted

by the first, second, third and fourth antennas of the MIMO system, respectively.

[0021] Assuming the input bits of the transmitted signal are “1101,” the transmit
vector x is [0 0 0 -0.7071+0.7071i]". With the channel matrix and noise vector

below,

-0.3059+0.23141 0.0886-0.13201 -0.8107 - 0.41601 0.8409 - 0.09641
-1.1777+0.12351 0.2034+0.51321 0.8421 + 1.54371 -0.0266 + 0.0806i

n=[-0.0049 +0.0089 0.0061 - 0.0113i]

the receive vectory = Hx+n =[-0.5313 + 0.6717i  -0.0321 - 0.0871i] .

8
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Then, r;, ri and where i is from 1 to 4, are illustrated below:
rs = [0.2227+0.0155i];

ry =[0.7071+0.7071i];

ds =0.8444;

r» = [-0.5665-0.0359i];

ry’ =[-0.7071-0.7071];

d» = 0.6857,;

rs = [-0.0026-0.2012i];

rs’ = [-0.7071-0.7071i];

ds; =0.8673;

rq =[-0.7154+0.7166i];

r4 =[-0.7071+0.7071i]; and

ds=0.0126.

therefore, U= [4, 2, 1, 3]. Because p=2, the fourth antenna (i.e., us) and the
second antenna (i.e., u») are selected for further processing:

where |y —h,7[" =0.0003, |y —h,7| =0.7909.

Based on equations (5) and (6), the transmit antenna v’ which most likely
transmitted the signal is the fourth transmit antenna and the symbol s transmitted
by the fourth transmit antennais r,’ (i.e., [-0.7071+0.7071i]). Therefore, in
accordance with Table 2, the input bits should be 1101.

[0022] FIG. 2 is a flow chart 200 illustrating an example process of processing a
signal received at a receiver of a wireless communication system in a time slot.
The example process 200 may begin at operation 201, where an estimated
transmit signal for a transmit antenna of the wireless communication system is
obtained. Continuing to operation 203, a distance between the estimated

9



WO 2013/177776 PCT/CN2012/076333

transmit signal and a constellation point is calculated. The constellation point is
the closest constellation point for the estimated transmit signal among all
constellation points in accordance with a modulation scheme of the MIMO system.
The example process 200 may continue at operation 205, where the example
process 200 determines whether the transmit antenna is likely to transmit the

signal received at the receiver.

[0023] In operation 201, an estimated transmit signal for a transmit antenna of the
wireless communication system is obtained. In some embodiments, the
estimated transmit signal is illustrated on a constellation diagram in accordance

with a modulation scheme of the wireless communication system. For example,
the estimated transmit signal may be one of the element of 7, of the estimated

transmit vector r set forth above.

[0024] In operation 203, a distance between the estimated transmit signal and a
constellation point corresponding to the estimated transmit signal on the
constellation diagram is calculated. The constellation point is the closest
constellation point for the estimated transmit signal among all constellation points
in accordance with the modulation scheme of the MIMO system. In some

embodiments, the constellation point refers to » set forth above and the distance

refers to d. set forth above.

[0025] In operation 205, the process determines whether the transmit antenna is
likely to transmit the signal received at the receiver based on the distance. In
some embodiments, the determination is made based on equation (4) and

equation (5) set forth above.

[0026] FIG. 3 is a block diagram 300 illustrating the software modules of a
computer program executed by a processor for processing a signal received at a
receiver of a wireless communication system. Computer program product 300
includes one or more sets of instructions 302 for executing the methods for
processing the received signal. For illustration only, the instructions 302 reflect
the method described above and illustrated in FIG. 2. Computer program product
300 may be transmitted in a signal bearing medium 304 or another similar

communication medium 306. Computer program product 300 may be recorded in

10
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a non-transitory computer readable medium 308 or another similar recordable

medium 310.

[0027] FIG. 4 is a block diagram illustrating a computing device 400 for
processing a signal received at a receiver of a wireless communication system.
In a very basic configuration 401, computing device 400 typically includes one or
more processors 410 and a system memory 420. A memory bus 430 may be

used for communicating between processor 410 and system memory 420.

[0028] Depending on the desired configuration, processor 410 may be of any type
including but not limited to a microprocessor (uP), a microcontroller (uC), a digital
signal processor (DSP), or any combination thereof. Processor 410 may include
one more levels of caching, such as a level one cache 411 and a level two cache
412, a processor core 413, and registers 414. An example processor core 413
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 415 may also be used with processor 410, or in some

implementations memory controller 415 may be an internal part of processor 410.

[0029] Depending on the desired configuration, system memory 420 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. System
memory 420 may include an operating system 421, one or more applications 422,
and program data 424. In some embodiments, application 422 may include a
signal processing algorithm 423 that is arranged to perform the functions as
described herein including those described with respect to the steps of the
method 200 of FIG. 2. Program data 424 may include signal data 425 that may
be useful for the operation of signal processing algorithm 424. In some
embodiments, application 422 may be arranged to operate with program data 424
on operating system 421, such that implementations of processing signal data
may be provided as described herein. This described basic configuration 401 is

illustrated in FIG. 4 by those components within the inner dashed line.

[0030] Computing device 400 may have additional features or functionality, and
additional interfaces to facilitate communications between basic configuration 401

and any required devices and interfaces. For example, a bus/interface controller
11
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440 may be used to facilitate communications between basic configuration 401
and one or more data storage devices 450 via a storage interface bus 441. Data
storage devices 450 may be removable storage devices 451, non-removable
storage devices 452, or a combination thereof. Examples of 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.

[0031] System memory 420, removable storage devices 451 and non-removable
storage devices 452 are examples of computer 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

400. Any such computer storage media may be part of computing device 400.

[0032] Computing device 400 may also include an interface bus 442 for facilitating
communication from various interface devices (e.g., output devices 460,
peripheral interfaces 470, and communication devices 480) to basic configuration
401 via bus/interface controller 440. Example output devices 460 include a
graphics processing unit 461 and an audio processing unit 462, which may be
configured to communicate to various external devices such as a display or
speakers via one or more A/V ports 463. Example peripheral interfaces 470
include a serial interface controller 471 or a parallel interface controller 472, 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 473. An
example communication device 480 includes a network controller 481, which may
be arranged to facilitate communications with one or more other computing
devices 490 over a network communication link via one or more communication
12
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ports 482. In some embodiments, the other computing devices 490 may include
other applications, which may be operated based on the results of the application
422.

[0033] The network communication link may be one example of a communication
media. Communication media may typically be embodied by computer readable
instructions, data structures, 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 “modulated 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 limitation,
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.

[0034] Computing device 400 may be implemented as a portion of a small-form
factor portable (or mobile) electronic 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 functions. Computing device 400 may also be
implemented as a personal computer including both laptop computer and non-

laptop computer configurations.

[0035] There is little distinction left between hardware and software
implementations of aspects of systems; the use of hardware 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 processes and/or
systems and/or other technologies described herein can be effected (e.g.,
hardware, software, and/or firmware), and that the preferred vehicle will vary with
the context in which the processes and/or systems and/or other technologies 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

13
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vehicle; If flexibility 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.

[0036] 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 implemented, 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
microprocessors), 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 distributed 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 bearing
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 Compact Disc (CD), a Digital Video
Disk (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.).
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[0037] 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 practices 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, processors such as microprocessors and digital signal
processors, computational entities such as operating systems, drivers, graphical
user interfaces, and applications programs, one or 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.

[0038] The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components. Itis
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 arrangement 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 components. 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 operably couplable
include but are not limited to physically mateable and/or physically interacting

components and/or wirelessly interactable and/or wirelessly interacting
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components and/or logically interacting and/or logically interactable components.

[0039] 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 various singular/plural permutations may be expressly set forth

herein for sake of clarity.

[0040] 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 interpreted 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. However, 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 disclosures 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
typically 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 recitation should typically be
interpreted to mean at /least the recited number (e.g., the bare recitation of "two
recitations," without other modifiers, typically means at /east two recitations, or
two or more recitations). Furthermore, in those instances where a convention
analogous to "at least one of A, B, and 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, and C" would include
but not be limited to systems that have A alone, B alone, C alone, A and B
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together, A and C together, B and C together, and/or A, B, and C together,

etc.). Inthose instances where a convention 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 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."

[0041] While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The
various aspects and embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope and spirit being indicated

by the following claims.
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I/We Claim:

1. A method for processing a signal received at a receiver in a multiple-input
multiple-output (MIMQ) system in a time slot, comprising:
obtaining an estimated transmit signal for a transmit antenna of the MIMO
system based on the signal received at the receiver and a channel
matrix of the MIMO system, wherein the estimated transmit signal is
illustrated on a constellation diagram in accordance with a
modulation scheme of the MIMO system;
calculating a distance between the estimated transmit signal and a
corresponding constellation point on the constellation diagram,
wherein the corresponding constellation point is the closest
constellation point for the estimated transmit signal among all
constellation points in accordance with the modulation scheme of
the MIMO system; and
determining whether the transmit antenna is likely to transmit the signal

received at the receiver based on the distance.

2. The method of claim 1, further comprising obtaining a plurality of other

estimated transmit signals for other transmit antennas of the MIMO system.

3. The method of claim 2, further comprising calculating an other distance
between any of the plurality of other estimated transmit signals and its

corresponding constellation point.

4. The method of claim 3, further comprising generating an antenna index
based on calculated distances including the distance and the other distances,
wherein the antenna index corresponds to a sequence of the calculated distances

organized in an increasing order in magnitude.
5. The method of claim 4, further comprising selecting one or more elements

from the antenna index, wherein one of the selected elements corresponds to one

of the calculated distances having a minimum magnitude.
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6. The method of claim 5, wherein the number of selected elements is

configurable based on a computation resource of the MIMO system.

7. The method of claim 1, further comprising retrieving data bit included in the

signal received at the receiver.

8. The method of claim 1, wherein the determining is further based on a
product of a column of the channel matrix of the MIMO system and the

corresponding constellation point.

9. The method of claim 8, wherein the determining is further based on a

difference between the signal received at the receiver and the product.

10. A non-transitory computer-readable storage medium encoded with
computer-executable instructions for processing a signal received at a receiver in
a MIMO system in a time slot, which when executed by a computing device,
causes the computing device to:
obtain an estimated transmit signal for a transmit antenna of the MIMO
system based on the signal received at the receiver and a channel
matrix of the MIMO system, wherein the estimated transmit signal is
illustrated on a constellation diagram in accordance with a
modulation scheme of the MIMO system;
calculate a distance between the estimated transmit signal and a
corresponding constellation point on the constellation diagram,
wherein the corresponding constellation point is the closest
constellation point for the estimated transmit signal among all
constellation points in accordance with the modulation scheme of
the MIMO system; and
determine whether the transmit antenna is likely to transmit the signal

received at the receiver based on the distance.

11.  The non-transitory computer-readable storage medium of claim 10, further
containing additional instructions, which when executed by the computing device,

causes the computing device to obtain a plurality of other estimated transmit
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signals for other transmit antennas of the MIMO system.

12.  The non-transitory computer-readable storage medium of claim 11, further
containing additional instructions, which when executed by the computing device,
causes the computing device to calculate an other distance between any of the
plurality of other estimated transmit signals and its corresponding constellation

point.

13.  The non-transitory computer-readable storage medium of claim 12, further
containing additional instructions, which when executed by the computing device,
causes the computing device to generate an antenna index based on calculated
distances including the distance and the other distances, wherein the antenna
index corresponds to a sequence of the calculated distances organized in an

increasing order in magnitude.

14.  The non-transitory computer-readable storage medium of claim 13, further
containing additional instructions, which when executed by the computing device,
causes the computing device to select one or more elements from the antenna

index, wherein one of the selected elements corresponds to one of the calculated

distances having a minimum magnitude.

15.  The non-transitory computer-readable storage medium of claim 10, further
containing additional instructions, which when executed by the computing device,
causes the computing device to retrieve data bit included in the signal received at

the receiver.

16. A computing device configured to process a signal received at a receiver in
a MIMO system in a time slot, comprising:
a processing unit, wherein the processing unit is configured to
obtain an estimated transmit signal for a transmit antenna of the MIMO
system based on the signal received at the receiver and a channel
matrix of the MIMO system, wherein the estimated transmit signal is
illustrated on a constellation diagram in accordance with a

modulation scheme of the MIMO system;
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calculate a distance between the estimated transmit signal and a
corresponding constellation point on the constellation diagram,
wherein the corresponding constellation point is the closest
constellation point for the estimated transmit signal among all
constellation points in accordance with the modulation scheme of
the MIMO system; and

determine whether the transmit antenna is likely to transmit the signal

received at the receiver based on the distance.

17.  The computing device of claim 16, wherein the processing unit is further
configured to obtain a plurality of other estimated transmit signals for other

transmit antennas of the MIMO system.

18.  The computing device of claim 17, wherein the processing unit is further
configured to calculate an other distance between any of the plurality of other

estimated transmit signals and its corresponding constellation point.

19.  The computing device of claim 18, wherein the processing unit is further
configured to generate an antenna index based on calculated distances including
the distance and the other distances, wherein the antenna index corresponds to a
sequence of the calculated distances organized in an increasing order in

magnitude.

20.  The computing device of claim 19, wherein the processing unit is further
configured to select one or more elements from the antenna index, wherein one
of the selected elements corresponds one of the calculated distances having a

minimum magnitude.
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