D
A

a2 United States Patent

Seto et al.

US007415074B2

US 7,415,074 B2
Aug. 19, 2008

(10) Patent No.:
(45) Date of Patent:

(54)

MIMO TRANSMISSION AND RECEPTION
METHODS AND DEVICES

2005/0180313 Al*
2005/0180515 Al*
2007/0153928 Al*

8/2005 Kimetal. ..cccoovvvrvrennens 370/208
8/2005 Orihashi etal. ... ... 375/260
7/2007 Liuetal. ....ocoovovvrnnnns 375/260

(75) Inventors: Ichiro Seto, Fuchu (JP); Tsuguhide
’ ’ FOREIGN PATENT DOCUMENTS
Aoki, Kawasaki (JP); Hiroshi Yoshida,
Yokohama (JP) JP 2000-236313 8/2000
Jp 2001-148676 5/2001
(73) Assignee: Kabushiki Kaisha Toshiba, Tokyo (JP) WO WOO01/71928 A2 9/2001
(*) Notice: Subject to any disclaimer, the term of this OTHER PUBLICATIONS
patent is extended or adjusted under 35 U.S. Appl. No. 11/201,385, filed Aug. 8, 2005, Aoki.
U.S.C. 154(b) by 647 days. U.S. Appl. No. 11/087,601, filed Mar. 24, 2005, Aoki.
U.S. Appl. No. 11/076,051, filed Mar. 10, 2005, Aoki et al.
(21) Appl. No.: 11/016,808 U.S. Appl. No. 11/018,251, filed Dec. 22, 2004, Aoki et al.
U.S. Appl. No. 11/016,808, filed Dec. 21, 2004, Seto et al.
(22) Filed: Dec. 21. 2004 U.S. Appl. No. 11/132,279, filed May 19, 2005, Aoki.
i U.S. Appl. No. 11/132,376, filed May 19, 2005, Aoki et al.
: o Jan Boer, et al., “Backwards compatibility”, fip://ieee: wireless@ftp.
(65) Prior Publication Data 802wirelessworld.com, IEEE 802.11-071410, Sep. 2003, 7 Pages.
US 2005/0163244 Al Jul. 28, 2005 Yasutaka Ogawa, et al., “A MIMO-OFDM System for High-Speed
Transmission”, Vehicular Technology Conference on , USA, vol. 1,
(30) Foreign Application Priority Data Oct. 9, 2003, pp. 493-497.
Jan. 9, 2004 (TP) e 2004-004848 * cited by examiner
Primary Examiner—Shuwang Liu
51) Int.CL
D ;041( 110 (2006.01) Assistant Examiner—Gina McKie
HO4L 2728 (2006.01) (74) Attorney, Agent, or Firm—Oblon, Spivak, McClelland,
HO4L 1/02 (200 6.01) Maier & Neustadt, P.C.
HO04B 7/02 (2006.01)
57 ABSTRACT
(52) US.CL .o 375/260; 375/267 7
(58) Field of .Cla.ssiﬁcation Search ............. s None In a wireless transmitting device which performs transmis-
See application file for complete search history. sion by an OFDM using a plurality of subcarriers orthogonal
(56) References Cited to each other, a plurality of preambles to which a plurality of
different subcarrier groups selected from a plurality of sub-
U.S. PATENT DOCUMENTS carriers within an OFDM signal band are allocated are trans-
mitted by using a plurality of transmit antennas, and data is
2’3?;’3?? gz : ggggg Eiinurrli:st Ztl al. 3;5‘/12/28 transmitted by using the antennas after the preambles are
6985434 B2*  1/2006 Wuetal. ........ 3700208 transmitted.
2004/0005018 Al* 1/2004 Zhuetal. ................... 375/340
2005/0163244 Al 7/2005 Seto et al. 4 Claims, 11 Drawing Sheets
202 204A
200 ~ K 1 T\A 205A
—>1 Transmitter
Memory
s 2058
203 .
( > Transmitter
Transmission > Niot
difa Digil {1 pnac
5 > modulator ) ‘TL»QOSC
201 206 > Transmitter
: {
Fading . 204D
information Subcarrier S 205D
>~ division
controller Lﬁ Transmitter

OCKET

L AR

M

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 7,415,074 B2

Sheet 1 of 11

Aug. 19, 2008

U.S. Patent

1 014
: ar as de ql
\W /> ) ! 4 ™ — A
1/ V1Y@ D[S {P[I1ES]|19] d1 | d1 [19[19]dS| - [dS|dS
\ 0w o %X %
§ 4 4 \1 ~
AL v1va BIEIEIESERIED d1 [P [19]dS| -+ |dS|[dS
// et gy g g¢ gl
{ \ I/ - ™~
\\ v1va (s {d[1s|i|]| 41 | d1 [1D]p|{dS| - |dS]dS
ﬁ 27 W ve Ve ! vl
| { § s e N
/| viva | 19 ¢3S [P [1BS|19] d1 | d1 [19{I19[dS| «+ [dS|dS
UOISIAIp JalLreagns UOISIAIp J3L1eagng

XL

£xL

Xl

IXL

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A



https://www.docketalarm.com/

U.S. Patent

Aug. 19, 2008

Sheet 2 of 11

US 7,415,074 B2

200 ~ 222 A ?AZOSA
T jtt
Memory > Transmitter
- 208 Ynzoss
{ > Transmitter
Transmission data > Digital s 204C
T >! modulator S Y»zosc
201 »| Transmitter
204D ‘Tlﬂzosn
> Transmitter
FIG. 2
302A
S
30TA Receiver | > 300
- L Channel
3028 estimator
”)T a 303A-
3018 Receiver | 304
y L Channel > 3 ,
302C estimator _| Digital Receive data‘
/‘“T 2 3038 *| demodulator {|  § g
01C Receiver |— 305
L Channel -
302D estimator
"7 : 03C-
301D Receiver |- 3 >
Y l_g Channel >
estimator
30307
FI(G 3

DOCKET

_ ARM

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

US 7,415,074 B2

Sheet 3 of 11

Aug. 19, 2008

U.S. Patent

-

[n'e] Ayisusjul Jaite)

>
-

30

0
Subcarrier number

F1G.4A

30

0
Subcarrier number

—-10

-20

-30

o

['n"e] Aysusiul JaiieD)

X
T

FIG. 4B

30

o= oed
==

20

Sozz=~

['e] Ayisuajul JalLie])

Subcarrier number

FIG. 4C

30

-20

(e
532}
I

[Ne] Ayisusiul Jatlre)

=
T

Subcarrier number

F1G. 4D

Find authenticated court documents without watermarks at docketalarm.com.

T
M

DOCKE
ALAR



https://www.docketalarm.com/

US 7,415,074 B2

Sheet 4 of 11

Aug. 19, 2008

U.S. Patent

30

0
Subcarrier number
F1G.5A

0_3

[N"e] AYSUOY JatLie))

—

[

0
Subcarrier number

0_3

T'e] AYSUSIUN Jaume)

X
—

F1G. 5B

30

0
Subcarrier number

[ne] AQisusiu Joued

FIG.5C

30

0
Subcarrier number

[ne] Axsuaiul Jaure)

FI1G KD

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




