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(7) ABSTRACT

A method comprising encoding a plurality of signals accord-
ing to a predetermined negation scheme and transmitting the
plurality of signals, wherein each signal is transmitted by
way of a wireless channel. The method further comprises
receiving a signal, wherein the received signal is a combi-
nation of the plurality of transmitted signals, and interpo-
lating between data in the received signal to generate a
plurality of systems of equations. The method further com-
prises solving the plurality of systems of equations to
determine a gain and phase shift applied to each of the
plurality of transmitted signals by a corresponding wireless
channel.

MULTIPLE 92
WIRELESS
CHANNELS —

QZ/O

(Y5

98 -]

PROCESSOR

96 |

MEMORY

RECEIVER

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Patent Application Publication Mar. 10, 2005 Sheet 1 of 3 US 2005/0054313 A1
STA
A 92
7N MULTIPLE 92
10~y - N 12 WIRELESS
< | AN CHANNELS —
AN ! N ((( ;7
|
AN | S 92 94
AN | e -
NobooeT
N a8 PROCESSOR
Y 104" 95| MEMORY
AP
RECEIVER
FIG. 1a FIG. 1b
D
180 ~| AT LEAST TWO TRANSMITTERS EACH
TRANSMIT A PREAMBLE TO A RECEIVER
!
182 ~ THE RECEIVER RECEIVES ONE SIGNAL
{
PROCESSOR OF RECEIVER COMPARES
184 ~J

DOCKET

_ ARM

RECEIVED SIGNALS TO TRANSMITTED SIGNALS
TO DETERMINE MATHEMATICAL EXPRESSIONS

!

186 -]

PROCESSOR DETERMINES ADDITIONAL
EQUATIONS BY WAY OF INTERPOLATION

!

188 -]

RECEIVER DETERMINES PHASE AND GAIN
IMPARTED ON TRANSMISSIONS BY EACH
CHANNEL; CHANNELS SUCCESSFULLY ESTIMATED

Find authenticated court documents without watermarks at docketalarm.com.

END
FIG. Ic



https://www.docketalarm.com/

US 2005/0054313 A1

Patent Application Publication Mar. 10, 2005 Sheet 2 of 3

i il b2 252
T oM (AovaID) - A v A , Z DIA
vivd v1vd v1vQ@ IYNDIS TYNDIS JONIN0D4S DNO JINANDIS LHOHS
19 19 o[ iNois|[ 9| Tos| ] 151 | 181 |21 ZINVXL & 052
FIaNVIYd
NN
09¢ 09¢
9 B0Z 90¢
/ A w A \ ¥0¢ 20¢
MaN) (AOvOID) A v ) ,
VIva V1vQ v1va WNBIS  WN9IS  3ONINDISONOT  FONINDIS LMOHS
19 19 B{Nois 1B Tos|[®] s1 | s1 |ed LINYXL ¢ 002
( TINYIYd
NN
0l O0Ol¢
vomJ eXL TINNVHI
SST1FHIM
%5 Zie
X2H 201~ YINNYHI
XL
20e~[ |8 g
i
1 )) b0l
) :_V IXd
1 -
IXL
00g — L 0L ¥ 1 001 ?Nr
TANNYHO oI ‘DL . . Nr
. hr SSIT3HIM ‘ PI DI A)Y)
£ OIAd ) gpe ¥ LH 801
~INNYHY TINNVHD

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A



https://www.docketalarm.com/

US 2005/0054313 A1

Patent Application Publication Mar. 10, 2005 Sheet 3 of 3

4% 0]
vey y A \ A \ ¥4 9cvy
y A v (MIAN) (AOV931)  + A \ A \
V1va (M3N) 39NIND3S ONOT TYNDIS WNOIS JONIND3IS HNOT  3ONIND3IS LYOHS
91 ST ™ ST B INas|D|iTas{B| ST | 1S1 |29
/ / N N
oy 127 1442044
[4474 0cy
1144 y A \ A \ 11187 9%
) A v (MAN) (AOV937) A \ 4 \
viva (MAN) 3ONIND3IS ONOT TYNDIS TVYNDIS JON3ND3S ONOT JONIND3IS LHOHS
< | S1- |®] ST- [BINgS|O| TS [1B] ST 31 [2v
/ / N N
A% v 0y  Opv
) AR 1187
viy — \ A \ 801 90V
y A v (MIN) (AQv937) 4 A \ / A \
viva (MIN) 3ONINDIS HNOT TYNDIS TYNDIS JONIND3IS HNOT JON3IND3IS LHOHS
Bl ST |[®] ST [Bi{NS|D]| TS [H| S 31 |2»
) / / N N
BEY 8er 9gy  9EY

v OIA

€INVXL ¢ V0¥
19INV3IHd

CINVXL ¢ 2OV
318INV3Hd

LINV XL » 00
EREIALVELT

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A



https://www.docketalarm.com/

US 2005/0054313 Al

SCALABLE AND BACKWARDS COMPATIBLE
PREAMBLE FOR OFDM SYSTEMS

PRIORITY CLAIM

[0001] This application claims priority to U.S. Patent
Application Ser. No. 60/500,438, filed on Sep. 5, 2003,
entitled “SCALABLE AND BACKWARDS COMPATIBLE
PREAMBLE FOR 11n,” incorporated herein by reference.

BACKGROUND

[0002] Wireless local area networks (“WLAN”) allow
electronic devices, such as computers, to have network
connectivity without the use of wires. Network connections
may be established via, for example, radio signals. A wire-
less access point (“AP”) may comprise a wired Internet or
Ethernet connection and radio communication circuitry
capable of transmitting data to and receiving data from any
compatible wireless device. The AP may provide Internet
and/or network connectivity to such wireless devices (e.g.,
portable computers) called receiver stations (“STA”) by
transmitting and receiving data via radio signals.

[0003] Architects of WLAN systems and devices must
take various factors into account. One such factor is multi-
path interference. In multipath interference, a signal trans-
mitted from a source (e.g., an AP) may take multiple paths
through a wireless medium and thus reach the intended
destination as more than one version of the same signal.
FIG. 1a illustrates this phenomenon, in which a signal from
an AP is transmitted directly to a STA and also bounces off
the walls 10, 12 before reaching the STA. The lengths of the
different paths may vary, thereby causing a phase/time
difference in the received signals. Accordingly, multipath
interference may cause distortion in the signal. Thus, the
signal received by the STA may be a distorted version of the
signal that was originally transmitted by the AP. The tech-
nique of “channel estimation” may be implemented in a STA
or AP receiver to eliminate such distortion and generate a
version of the signal which is nearly identical to the signal
that was originally transmitted by the AP.

[0004] Channel estimation comprises transmitting a pre-
determined signal (described below) from a transmitter to a
receiver, where the transmitted predetermined signal is
known to both the transmitter and the receiver prior to
transmission. Due to multipath interference, the predeter-
mined signal received by the receiver will generally be
different from the predetermined signal transmitted by the
transmitter. Upon receiving the signal, the receiver may
compare the received signal to the transmitted signal to
determine how multipath interference has distorted the sig-
nal. The receiver may use such information to synchronize
the receiver to the transmitter(s) and eliminate distortion
present in future received signals.

[0005] A signal used specifically for channel estimation
comprises a preamble. A preamble comprises, among other
things, a short sequence of data and a long sequence of data.
The short sequence may be used to perform basic synchro-
nization, including determining whether a packet is en route
to the receiver, estimating frequency offset, and other vari-
ous synchronization operations The long sequence is the
sequence actually used in channel estlmatlon Standard
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single input, single output (“SISO”) systems. Thus, in a
system comprising a single transmitter and a single receiver,
the receiver is able to successfully estimate the channel
between the transmitter and the receiver, thereby eliminating
distortions present in a received signal. However, multiple-
input, multiple-output (“MIMO”) signaling systems com-
prising a plurality of transmitters and receivers present
unique problems for existing channel estimation techniques.

[0006] In a MIMO system, the rate at which data is
transferred (“data rate”) between a transmitter and a receiver
may be raised by increasing the number of antennas asso-
ciated with each wireless device in the system. For instance,
a system comprising a transmitter with multiple antennas
and a receiver with multiple antennas may have a higher data
rate than a system comprising a transmitter with a single
antenna and a receiver with a single antenna. The MIMO
antennas are part of a design that attempts to achieve a linear
increase in data rate as the number of transmitting and
receiving antennas linearly increases.

[0007] MIMO systems present unique problems for exist-
ing channel estimation techniques due to difficulties intro-
duced by signal overlapping, wherein a receiver receives a
mixture of signals instead of a single signal. For example, in
a system comprising two transmitters and two receivers,
each receiver receives a signal that is a combination of the
signals transmitted by each of the transmitters. In order to
estimate the four channels (i.e., one channel from a first
transmitter to a first receiver, a second channel from a first
transmitter to a second receiver, a third channel from a
second transmitter to a first receiver, a fourth channel from
a second transmitter to a second receiver), a receiver must
mathematically analyze the received signal to determine a
plurality of equations describing distortion imparted by each
channel on a signal transmitted through the channel. Each
receiver then may successfully estimate all four channels.
Channel estimation information subsequently may be used
by a receiver to eliminate distortion present in future signals.
Thus, a technique to separate mixed signals and eliminate
signal distortion in MIMO systems is desirable.

BRIEF SUMMARY

[0008] The problems noted above are solved in large part
by a method and apparatus for efficiently estimating chan-
nels in a MIMO system and using the channel estimations to
eliminate signal distortion. One exemplary embodiment may
comprise encoding a plurality of signals according to a
predetermined negation scheme and transmitting the plural-
ity of signals, wherein each signal is transmitted by way of
a wireless channel. The method further comprises receiving
a signal, wherein the received signal is a combination of the
plurality of transmitted signals, and interpolating between
data in the received signal to generate a plurality of systems
of equations. The method also comprises solving the plu-
rality of systems of equations to determine a gain and phase
shift applied to each of the plurality of transmitted signals by
a corresponding wireless channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a detailed description of the preferred embodi-
ments of the invention, reference will now be made to the
accompanying drawings in which:

[0010] FIG. 1a illustrates a block diagram describing the
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