
1 HUAWEI 1006

(12) United States Patent

US007312750B2

(10) Patent N0.: US 7,312,750 B2
 Mao et al. (45) Date of Patent: Dec. 25, 2007

(54) ADAPTIVE BEAM-FORMING SYSTEM 7,088,288 B1 =1 8/2006 Margolese et a1. .......... 342/377
USING HIERARCHICAL WEIGHT BANKS 7,099,383 B2 =1 8/2006 Struhsaker et a1. ......... 375/222

FOR ANTENNA ARRAY IN WIRELESS 2003/0222818 A1 12/2003 Regnier et a1.
COMMUNICATION SYSTEM 2005/0143132 A1* 6/2005 Proctor et a1. .............. 455/561

(75)

(73)

(*)

(21)

(22)

(65)

(60)

(51)

(52)
(58)

(56)

6,049,307 A

Inventors: Jian Mao, Gaithersburg, MD (US);
Oscar Frederick Somerlok, III,
Potomac, MD (US)

Assignee: Comware, Inc., Rockville, MD (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 300 days.

Appl. N0.: 11/071,249

Filed: Mar. 4, 2005

Prior Publication Data

US 2005/0206564 A1 Sep. 22, 2005

Related US. Application Data

Provisional application No. 60/554,408, filed on Mar.
19, 2004.

Int. Cl.

H01Q 3/22 (2006.01)
H01Q 3/26 (2006.01)
US. Cl. ....................................... 342/377; 342/373
Field of Classification Search ................ 342/367,

342/373, 377, 378, 383; 455/69, 101, 562.1
See application file for complete search history.

References Cited

U.S. PATENT DOCUMENTS

4/2000 Lim

 
 

 

mm. emu"uaaunsusw

  

CONNECTEDTO Mk0 - 480

EEAMFORMINGUNIT] was
(I =1, 1. L)

CONNECTED TO MULTIPATH DELAYFRGILE ESTIMATION UNITS - 460

I!

ET" am

___II'‘—

FOREIGN PATENT DOCUMENTS

EP 1394966 A2 3/2004

OTHER PUBLICATIONS

Godara, L., “Application of Antenna Arrays to Mobile Communi-
cations, Part II: Beam-Forming and Direction-of—Arrival Consider-
ations,” Proceedings of the IEEE, vol. 85, No. 8, Aug. 1997, pp.
1195-1245.

Van Veen et a1., “Beamforming: A Versatile Approach to Spatial
Filtering,” IEEE ASSP Magazine, Apr. 1988, pp. 4-24.

* cited by examiner

Primary ExamineriDao Phan
(74) Attorney, Agent, or FirmiPillsbury Winthrop Shaw
Pittman, LLP

(57) ABSTRACT

An adaptive beam-forming system using hierarchical weight
banks for antenna arrays in wireless communication systems
is disclosed. The present invention can be applied for both
reception and transmission beam-forming. The hierarchical
weight banks contain weights that are pre-calculated based
on pre-set beam 100k directions. By comparing measure-
ments of chosen signal quality metrics for pre-set 100k
directions, the best weights, and thus the best beam 100k
direction, can be selected from the weight banks.
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FIG. 1
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FIG. 2
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FIG. 3
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