a9 United States

S 20020181509A1

a2 Patent Application Publication (o) Pub. No.: US 2002/0181509 A1l

Mody et al.

43) Pub. Date: Dec. 5, 2002

(549) TIME AND FREQUENCY
SYNCHRONIZATION IN MULTI-INPUT,
MULTI-OUTPUT (MIMO) SYSTEMS

(76) Inventors: Apurva N. Mody, Atlanta, GA (US);
Gordon L. Stuber, Atlanta, GA (US)

Correspondence Address:

THOMAS, KAYDEN, HORSTEMEYER &

RISLEY, LLP

100 GALLERIA PARKWAY, NW

STE 1750

ATLANTA, GA 30339-5948 (US)
(21) Appl. No.: 10/128,821
(22) Filed: Apr. 24, 2002

Related U.S. Application Data

(60) Provisional application No. 60/286,180, filed on Apr.
24, 2001. Provisional application No. 60/286,130,

filed on Apr. 24, 2001.

6

“
\ 16\ 18\

J

12

19

— OFDM
MODULATOR

OFDM
MODULATOR

o

DOCKET

_ ARM

Publication Classification

(51) It CL7 oo HO4J 3/06
(52) US.Cl oo 370/480; 370/350

(7) ABSTRACT

In a communication system, and in particular a wireless
Orthogonal Frequency Division Multiplexing (OFDM)
communication system, the present invention provides sys-
tems for synchronizing data transmitted across a channel.
The present invention may be used in a Multi-Input, Multi-
Output (MIMO) system in which the data is transmitted
from any number of transmitting antennas and received by
any number of receiving antennas. The number of transmit-
ting and receiving antennas does not necessarily have to be
the same. Circuitry is provided for synchronizing the data in
both the time domain and frequency domain. Time synchro-
nization involves coarse time synchronization and fine time
synchronization. Frequency synchronization involves coarse
frequency offset estimation, fine frequency offset estimation,
and frequency offset correction.
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