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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/018,370 01/23/2008 Alireza Tarighat-Mehrabani 000007-001100US
CONFIRMATION NO. 8018
68155 PUBLICATION NOTICE
FOUNTAINHEAD LAW GROUP, PC
900 LAFAYETTE STREET R LTI
SUITE 200 00000003704572

SANTA CLARA, CA 95050

Title:Wireless Communication Systems and Methods

Publication No.US-2009-0185545-A1
Publication Date:07/23/2009

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.C. Box 1450

Alexandria, Virginia 22313-1450

WWw.uSpto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
12/018,370 01/23/2008 2621 665 000007-001100US 25 4
CONFIRMATION NO. 8018
68155 FILING RECEIPT

G0 LAFAYETTE STREET L]
200 LAPAYETTE STREET IO
SANTA CLARA, CA 95050

Date Mailed: 02/11/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
write to the Office of Initial Patent Examination’s Filing Receipt Corrections. Please provide a copy of this
Filing Receipt with the changes noted thereon. If you received a "Notice to File Missing Parts" for this
application, please submit any corrections to this Filing Receipt with your reply to the Notice. When the
USPTO processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the
requested corrections

Applicant(s)
Alireza Tarighat-Mehrabani, Marina Del Rey, CA;
Rahim Bagheri, Los Angeles, CA;
Alireza Mehrnia, Los Angeles, CA;
Mahmoud Darvishzadeh, Los Altos Hills, CA;
Assignment For Published Patent Application
WiLinx, Corp., Los Angeles, CA
Power of Attorney: The patent practitioners associated with Customer Number 68155

Domestic Priority data as claimed by applicant

Foreign Applications

If Required, Foreign Filing License Granted: 02/06/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/018,370

Projected Publication Date: 07/23/2009
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

page 1 of 3
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Title

Wireless Communication Systems and Methods
Preliminary Class

386

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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Under the Paperwork Reduction Act of 1995, no persons are required fo re

PTO/SB/05 (07-07)
Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office. U.S. DEPARTMENT OF COMMERCE

UTILITY
PATENT APPLICATION
TRANSMITTAL

k (Only for new nonprovisional applications under 37 CFR 1.53(b))

spond to a collection of information unless it displays a valid OMB control number.
000007-001100US

Attorney Docket No.

Eirst Inventor Tarighat-Mehrabani et al.

Title Wreless Communication Systems

Express Mail Label No. j

APPLICATION ELEMENTS

See MPEP chapter 600 concerning utility patent application contents.

Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

ADDRESS TO:

1.[] Fee Transmittal Form (e.g., PTO/SB/17)
(Submit an original and a duplicate for fee processing)
2. Applicant claims small entity status.
See 37 CFR 1.27.
3. Specification [Total Pages. 26 ]
Both the claims and abstract must start on a new page
(For information on the preferred arrangement, see MPEP 608.01(a))

4.[/] Drawing(s)(35U.S.C. 113) [Total Sheets 12 1

5. Qath or Declaration [Total Sheets 2 ]
a. Newly executed (original or copy)
b. [__| A copy from a prior application (37 CFR 1.63(d))
for continuation/divisional with Box 18 completed)
i DELETION OF INVENTOR(S)
Signed statement attached deleting inventor(s})
name in the prior application, see 37 CFR
1.63(d)(2) and 1.33(b).

6. Application Data Sheet. See 37 CFR 1.76

7. El CD-ROM or CD-R in duplicate, large table or

(‘ﬁputer Program (Appendix)
Landscape Table on CD

8. Nucleotide and/or Amine Acid Sequence Submission
(if applicable, items a. — ¢. are required)
a. [_] Computer Readable Form (CRF)
b. Specification Sequence Listing on:

i. [ cD-ROM or CD-R (2 copies); or

ii. D Paper

C. D Statements verifying identity of above copies

ACCOMPANYING APPLICATION PARTS

9. D Assignment Papers (cover sheet & document(s))

Name of Assignee

10. 37 CFR 3.73(b) Statement
(when there is an assignee)

Power of
- Attorney

11. [_] English Translation Document (if applicable)

12.[] lnfoﬂtion Disclosure Statement (PTO/SB/08 or PTO-1449)
Copies of citations attached

13. D Preliminary Amendment

14. [] Return Receipt Postcard (MPEP 503)
(Should be specifically itemized)

15. [ Certified Copy of Priority Document(s)
(if foreign priority is claimed)

16. [ ] Nonpublication Request under 35 U.S.C. 122(b)2)(B)().
Applicant must attach form PTO/SB/35 or equivalent.

17. D Other:

l:l Divisional

Examiner

|:| Continuation

Prior application information:

EI Continuation-in-part (CIP)

18. If a CONTINUING APPLICATION, check appropriate box, and supply the requisite information below and in the first sentence of the
specification following the title, or in an Application Data Sheet under 37 CFR 1.76:

Art Unit:

19. CORRESPONDENCE ADDRESS

Signature

The address associated with Customer Number: 68155 OR D Correspondence address below
Name

Address

City | State Zip Code

Country Telephone Email

Date

Name
\(Print/Type)

Chad R. Walsh

RegistrationlNo.
(Attorney/Agent)

l 43,235
v,

This collection of information is required by 37 CFR 1.53(b). The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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Application Data Sheet

Application Information

Application number::

Filing Date::

Application Type::

Subject Matter::
Suggested classification::
Suggested Group Art Unit::
CD-ROM or CD-R7?7::
Number of CD disks::
Number of copies of CDs::
Sequence Submission::
Computer Readable Form (CRF)?::
Number of copies of CRF::
Title::

Attorney Docket Number::

Regular
Utility

Wireless Communication Systems and Methods
000007-001100US

Request for Early Publication:: No

Request for Non-Publication:: No

Suggested Drawing Figure:: 5

Total Drawing Sheets:: 12

Small Entity?:: Yes

Latin name::

Variety denomination name::

Petition included?:: No

Petition Type::

Licensed US Govt. Agency::

Contract or Grant Numbers One::

Secrecy Order in Parent Appl.:: No
Page 1 Initial 01/23/08
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Applicant Iinformation

Applicant Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Middle Name::

Family Name::

Name Suffix::

City of Residence::

State or Province of Residence::
Country of Residence::
Street of Mailing Address::
City of Mailing Address::

Inventor

Iran

Full Capacity
Alireza

Tarighat-Mehrabani

Marina Del Rey

CA

us

13914 Bora Bora Way #D205
Marina Del Rey

State or Province of mailing address:: CA
Country of mailing address:: us
Postal or Zip Code of mailing address:: 90292
Applicant Authority Type:: Inventor
Primary Citizenship Country:: fran
Status:: Full Capacity
Given Name:: Rahim
Middle Name::
Family Name:: Bagheri
Name Suffix:
City of Residence:: Los Angeles
State or Province of Residence:: CA
Country of Residence:: us
Street of Mailing Address:: 1317 S. Westgate Ave., # 302
City of Mailing Address:: Los Angeles
State or Province of mailing address:: CA
Page 2 Initial 01/23/08
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Country of mailing address::

us

Postal or Zip Code of mailing address:: 90025

Applicant Authority Type:: Inventor

Primary Citizenship Country:: Iran

Status:: Full Capacity

Given Name:: Alireza

Middie Name::

Family Name:: Mehrnia

Name Suffix::

City of Residence:: Los Angeles

State or Province of Residence:: CA

Country of Residence:: us

Street of Mailing Address:: 3240 Sawtelle Blvd., # 207

City of Mailing Address:: Los Angeles

State or Province of mailing address:: CA

Country of mailing address:: us

Postal or Zip Code of mailing address:: 90066

Applicant Authority Type:: Inventor

Primary Citizenship Country:: United Kingdom

Status:: Full Capacity

Given Name:: Mahmoud

Middle Name::

Family Name:: Darvishzadeh

Name Suffix::

City of Residence:: Los Altos Hills

State or Province of Residence:: CA

Country of Residence:: us

Street of Mailing Address:: 24612 Olive Tree Lane

City of Mailing Address:: Los Altos Hills
Page 3
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State or Province of mailing address::

Country of mailing address::

Postal or Zip Code of mailing address::

Correspondence information

Name::
Street or mailing address::
City of mailing address::

State or Province of mailing address::

Postal or Zip Code of mailing address::

Telephone::

Representative Information
Representative Customer Number::

Domestic Priority Information

Application:: Continuity Type::

Foreign Priority Information

CA
us
94024

Chad R. Walsh, Fountainhead Law Group P.C.
900 Lafayette St., Suite 509

Santa Clara

CA

95050

(408) 244-6319

000068155

Parent Application:: Parent Filing Date::

Country:: Application number:: Filing Date::

Assignee Information

Assighee Name::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

Country of mailing address::

WiLinx, Corp.

12400 Wilshire Blvd., Suite #370
Los Angeles

CA

USA

Postal or Zip Code of mailing address:: 90025

Page 4 Initial 01/23/08
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PTO/SB/01A (07-07)

Approved for use through 06/30/2010. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number.

N

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Titte of | Wireless Communication Systems and Methods
invention

As the below named inventor(s), I/we declare that:
This declaration is directed to:

[¥] The attached application, or
[l Application No. filed on

O As amended on (if applicable);

l/we believe that l/we am/are the original and first inventor(s) of the subject matter which is claimed and for which a patent is
sought;

I/we have reviewed and understand the contents of the above-identified application, including the claims, as amended by any
amendment specifically referred to above;

I/we acknowledge the duty to disclose to the United States Patent and Trademark Office all information known to me/us to be
material to patentability as defined in 37 CFR 1.56, including for continuation-in-part applications, material information which
became available between the filing date of the prior application and the national or PCT International filing date of the
continuation-in-part application.
WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by
the USPTO to support a petition or an application. |f this type of personal information is included in documents submitted to
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting
them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after
publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application)
or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the
application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card
authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not
publicly available.

All statements made herein of my/our own knowledge are true, all statements made herein on information and belief are
believed to be true, and further that these statements were made with the knowledge that wiliful false statements and the like arg
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001, and may jeopardize the validity of the application or any
patent issuing thereon.

FULL NAME OF INVENTOR(S)

Inventor one: Alireza Tarighat-Mehrabani e Date:

Signature: , Citizen of: _Iran

Inventor two; Rahim Bagheri Date: ;‘ ) { \ =
Signature: .~c A L Citizen of: Iran

l Additional inventors or a legal representative are being named on 1 additional form(s) attached hereto.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1
minute to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/SB/02A (07-07)
Approved for use through 06/30/2010. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond 1o a collection of information unless it contains a valid OMB control numbe_r.\

DECLARATION

“ADDITIONAL INVENTOR(S)
Supplemental Sheet
PageZ ___ of 2

Name of Additional Joint Inventor, if any:

L__J A petition has been filed for this unsigned inventor

Given Name (first and middie (if any))

Family Name or Surname

Alireza Mehrnia
Inventor’'s
Signature Dété
Los Angeles CA United States Iran
Residence: City State Country Citizenship
3240 Sawtelle Bivd #207
Mailing Address
Los Angeles CA 90066 United States
City State Zip Country

Name of Additional Joint inventor, if any:

l:l A petition has been filed for this unsigned inventor

Given Name (first and middle (if any))

Family Name or Surname

Mahmoud

Inventor’s
Signature

T <~Dary\jshzadeh

Date

;
Los Altos Hills CA

State

Residence: City

United States United Kingdom

Country Citizenship

24612 Olive Tree Lane

Mailing Address

Los Altos Hills
City

CA
State

94024
Zip

United States
Country

Name of Additional Joint inventor, if any:

[

A petition has been filed for this unsigned inventor

Given Name (first and middie (if any))

Family Name or Surname

Inventor’s

Signature Date

Residence: City State Country Citizenship
Mailing Address

City State Zip Country

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an appiication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 21
minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual
case. Any comments on the amount of time you require-to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information
Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED

FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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PTO/SB/81 (01-06)
Approved for use through 12/31/2008. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
Application Number Unassigned
Filing Date i

POWER OF ATTORNEY "9 Herewith
and First Named inventor Alireza Tarighat-Mehrabani et al.

Title Wireless Communication

CORRESPONDENCE ADDRESS | o

igne
INDICATION FORM Examiner Name Unassigned
\_ Attorney Docket Number | 000007-001100US

| hereby revoke all previous powers of attorney given in the above-identified application.
| hereby appoint:

Practitioners associated with the Customer Number: 68155
OR

D Practitioner(s) named below:

Name Registration Number

as my/our attorney(s) or agent(s) to prosecute the application identified above, and to transact all business in the United States Patent and
Trademark Office connected therewith.

Please recognize or change the correspondence address for the above-identified application to:

The address associated with the above-mentioned Customer Number:
OR

|:| The address associated with Customer Number:
OR

l:l Firm or
Individual Name

Address

City | State I l Zip |
Country

Telephone ' Email l

| am the:
Applicant/Inventor.

IZ[ Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96)

SIGNATURE of Applicant or Assignee of Record
T

s -
Signature o f ﬁﬁ;’ﬂ/ I Date N O & Doo X
Name Masoud Djafari Ny | Telephone [310-571-1701
Title and Company  [CEO, WiLinx Corp. “

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple forms if more than one
signature is required, see below*.

D *Total of forms are submitted.

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (and by
the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/96 (01-08)

Approved for use through 01/31/2008. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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PATENT
Attorney Docket No.: 000007-001100US

Wireless Communication Systems and Methods

BACKGROUND
[00601] The present invention relates to wireless electronics, and in particular, to wireless

communication systems and methods.

[0002] Unless otherwise indicated herein, the approaches described in this section are not
prior art to the claims in this application and are not admitted to be prior art by inclusion in

this section.

[0003] Communication systems generally contain one or more transmission channels to
transmit data from the transmitter to the receiver. The components included in a transmitter
and receiver may vary depending on the attributes of the communication channel, the
signaling, and the goals of the transmission channel. Fig. 1 illustrates an example of a
transmitter 100 used in a wireless communication system. Here, a digital-to-analog converter
(“DAC”) 110 receives a digital input signal (“IN”). The DAC converts a digital signal to an
analog signal. This may be necessary in communication systems that take advantage of
digital signal processing. The DAC is coupled to the input of filter 120. The filter may be
used to remove undesirable frequencies and signal images. The filter is then coupled to
mixer 130. The mixer may be used to up-convert the frequency of the signal by combining it
with a local oscillator signal (“LO”). The output of the mixer is coupled to power amplifier
140 to amplify the signal for transmission before it is sent through antenna 150. The
transmitter 100 is limited to up-converting a signal to one center frequency (or modulation
frequency), which is the LO frequency. Typically, the amount of information transmitted
around the center frequency is limited by the bandwidth of the transmitter around the center
frequency. Accordingly, this limits the amount of data that can be transmitted. Typical prior
art approaches to improving the information capacity in a wireless communication system
involve maximizing the bandwidth around the center frequency to increase the amount of

information that may be modulated onto the carrier frequency.

[60604] Another limitation to wireless communication involves allowable output power. In
many countries, regional authorities will limit the amount of power that may be transmitted at
any given frequency or across a range of frequencies. In other words, when a transmitter
transmits a signal at a particular center frequency, the transmitter may be required to output

less than a specified upper limit of power per Megahertz. This limitation may limit the
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reliability, the range, and the effective throughput of data transmission. Transmission range,
reliability, throughput, complexity, and cost all play a role in enabling new wireless
applications. Since there is a continuing need for new wireless devices, these and other
issues, concerning the transmission and reception of radio frequency (RF) signals, become
important. Thus, there is a need for improvements in wireless communication systems and

methods.

SUMMARY
[0005] Embodiments of the present invention improve wireless communication systems
and methods. In one embodiment, the present invention includes a method of transmitting
information in a wireless communication channel comprising transmitting first information
across a first frequency range using a wireless transmitter, the first frequency range having a
first center frequency, a first highest frequency, and a first lowest frequency, and
simultaneously transmitting second information across a second frequency range using the
same wireless transmitter, the second frequency range having a second center frequency
greater than the first center frequency, a second highest frequency, and a second lowest

frequency.

[0006] In one embodiment, the frequency difference between the first center frequency and
the second center frequency is greater than the sum of one-half the first frequency range and

one-half the second frequency range.

[0007] Inone embodiment, the first and second information are transmitted using the same

power amplifier in said wireless transmitter.

[0008] In one embodiment, the bandwidth of said power amplifier is greater than the

difference between the first lowest frequency and the second highest frequency.

[6009] In one embodiment, first information and second information comprise a plurality
of OFDM symbols, wherein a first symbol is transmitted during a first time slot across the
first frequency range and a second symbol is transmitted during the first time slot across the
second frequency range, and wherein a third symbol is transmitted during a second time slot
across the first frequency range and a fourth symbol is transmitted during the second time slot

across a second frequency range.

[0610] In one embodiment, the present invention further comprises concurrently changing

the first center frequency to a third center frequency and the second center frequency to a
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fourth center frequency, wherein the fourth center frequency is greater than the third center
frequency, and wherein the first center frequency changes by at least the first frequency range
and the second center frequency changes by at least the second frequency range, and wherein
the bandwidth of said power amplifier is greater than the difference between the first lowest
frequency and the second highest frequency for the changed first and second center

frequencies.

[0011] In one embodiment, the first information corresponds to a first wireless protocol and

the second information corresponds to a second wireless protocol.

[6012] In one embodiment, the first information and the second information are the same

data transmitted across two different frequencies.

[6013] In one embodiment, the first information and the second information are produced

from the same data stream using coding or data mapping.

[0014] In one embodiment, the present invention includes a method of transmitting
information in a wireless communication channel comprising receiving a first digital signal
comprising first data to be transmitted, receiving a second digital signal comprising second
data to be transmitted, converting the first digital signal into a first analog signal using a first
digital-to-analog converter, the first analog signal carrying the first data across a first
frequency range, converting the second digital signal into a second analog signal using a
second digital-to-analog converter, the second analog signal carrying the second data across a
second frequency range, up-converting the first analog signal to a first RF center frequency to
produce a first up-converted analog signal, wherein the first up-converted analog signal
comprises a first up-converted frequency range from the first RF center frequency minus one-
half the first frequency range to the first RF center frequency plus one-half the first frequency
range, up-converting the second analog signal to a second RF center frequency greater than
the first center RF frequency to produce a second up-converted analog signal, wherein the
second up-converted analog signal comprises a second up-converted frequency range from
the second RF center frequency minus one-half the second frequency range to the second RF
center frequency plus one-half the second frequency range, and wherein a frequency
difference between the first RF center frequency and the second RF center frequency is
greater than the sum of one-half the first frequency range and one-half the second frequency
range, combining the first up-converted analog signal and the second up-converted analog

signal to produce a combined up-converted signal, amplifying the combined up-converted
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signal in a power amplifier resulting in an amplified combined up-converted signal, and
transmitting the amplified combined up-converted signal on a first antenna, wherein the
bandwidth of said power amplifier is greater than the difference between a lowest frequency
in the first up-converted frequency range and a highest frequency in the second up-converted

frequency range.

[0015] In one embodiment, the present invention further comprises changing the first and
second RF center frequencies, and in accordance therewith, up-converting the first analog
signals to the changed first and second RF center frequencies, wherein the first RF center
frequency changes by at least the first frequency range and the second RF center frequency

changes by at least the second frequency range.

[0016] In one embodiment, the first and second RF center frequencies are changed

concurrently.

[0017] In one embodiment, the first digital signal is encoded using a first wireless protocol

and the second digital signal is encoded using a second wireless protocol.

[6018] In one embodiment, the second data is the same as the first data, the present
invention further comprises receiving the transmitted signal on a second antenna, amplifying
the received signal in a low noise amplifier resulting in an amplified received up-converted
signal, wherein the bandwidth of said low noise amplifier is greater than the difference
between the lowest frequency in the first up-converted frequency range and the highest
frequency in the second up-converted frequency range, down-converting the amplified
received up-converted signal using a first down-converter and a signal corresponding to the
first RF center frequency to produce a fourth analog signal corresponding to the first analog
signal, and down-converting the amplified received up-converted analog signal using a
second down-converter and a signal corresponding to the second RF center frequency to

produce a fifth analog signal corresponding to the second analog signal.

[0019] In one embodiment, the present invention further comprises filtering the fourth
analog signal using a third filter and filtering the fifth analog signal using a fourth filter,
converting the filtered fourth analog signal into a third digital signal using a first analog-to-
digital converter and converting the filtered fifth analog signal into a fourth digital signal
using a second analog-to-digital converter, and combining the third and fourth digital signals

to receive data corresponding to the first data.
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[0020] In one embodiment, the present invention further comprises combining the fourth
and fifth analog signals resulting in a sixth signal, and converting the sixth signal into a third
digital signal using a first analog-to-digital converter, and in accordance therewith, receiving

data corresponding to the first data.

[0021] Tn one embodiment, the present invention includes a wireless communication
system comprising a baseband digital system for providing a first digital signal comprising a
first data to be transmitted and a second digital signal comprising a second data to be
transmitted, a first digital-to-analog converter for receiving the first digital signal and
converting the first digital signal into a first analog signal, the first analog signal carrying the
first data across a first frequency range, a second digital-to-analog converter for receiving the
second digital signal and converting the second digital signal into a second analog signal, the
second analog signal carrying the second data across a second frequency range, a first up-
converter circuit having a first input coupled to receive the first analog signal and a second
input coupled to receive a first modulation signal having a first RF frequency, wherein the
first up-converter outputs a first up-converted analog signal comprising a first up-converted
frequency range from the first RF frequency minus one-half the first frequency range to the
first RF frequency plus one-half the first frequency range, a second up-converter circuit
having a first input coupled to receive the second analog signal and a second input coupled to
receive a second modulation signal having a second RF frequency, wherein the second up-
converter outputs a second up-converted analog signal comprising a second up-converted
frequency range from the second RF frequency minus one-half the second frequency range to
the second RT frequency plus one-half the second frequency range, and wherein frequency
difference between the first RF frequency and the second RF frequency is greater than the
sum of one-half the first frequency range and one-half the second frequency range, and a
power amplifier coupled to receive the first and second up-converted analog signals, wherein
the bandwidth of the power amplifier is greater than the difference between a lowest
frequency in the first up-converted frequency range and a highest frequency in the second up-

converted frequency range.

[0022] In one embodiment, the first RF frequency and the second RF frequency change
within the bandwidth of the power amplifier.

[0023] In one embodiment, the first RF frequency and the second RF frequency change

concurrently.
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[0024] In one embodiment, the first RF frequency and the second RF frequency change
periodically.

[6025] In one embodiment, the first data of the first digital signal is encoded using a first
wireless protocol and the first data of the second digital signal is encoded using a second

wireless protocol.

[0026] In one embodiment, the second data corresponds to the first data, and wherein the
power amplifier outputs a third up-converted signal comprising the up-converted first analog

signal and the up-converted second analog signal.

[0027] In one embodiment, the first and second data to be transmitted comprise a plurality
of OFDM symbols, wherein a first symbol is transmitted during a first time slot across the
first up-converted frequency range and a second symbol is transmitted during the first time
slot across the second up-converted frequency range, and wherein a third symbol is
transmitted during a second time slot across the first up-converted frequency range and a
fourth symbol is transmitted during the second time slot across a second up-converted

frequency range.

[0028] In another embodiment, the present invention includes an electronic circuit
comprising a first down-converter circuit having a first input coupled to receive a first up-
converted signal, a second input coupled to receive a first demodulation signal having a first
RF frequency, and an output, wherein the first down-converter circuit outputs a first down-
converted signal on the first down-converter output, a second down-converter circuit having a
first input coupled to receive the first up-converted signal, a second input coupled to receive a
second demodulation signal having a second RF frequency different than the first RF
frequency, and an output, wherein the second down-converter outputs a second down-
converted signal on the second down-converter output, wherein the first up-converted signal
comprises a first signal modulated at the first RF frequency and a second signal modulated at
the second RF frequency, and a filter having an input coupled to the output of the first down-
converter and the output of the second down-converter, and in accordance therewith, the filter

receives the first and second down-converted signals.

[0029] In one embodiment, first signal has a first frequency range and the second signal has
a second frequency range, and wherein the frequency difference between the first RF
frequency and the second RF frequency is greater than the sum of one-half the first frequency

range and one-half the second frequency range.
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[0030] The following detailed description and accompanying drawings provide a better

understanding of the nature and advantages of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[6031] Fig. | illustrates a segment of a transmitter in a wireless communication system.

[0032] Fig. 2 illustrates a wireless communication system according to one embodiment of

the present invention.

[0633] Fig. 3 illustrates an example transmitted signal according to one embodiment of the

present invention.

[0034] Fig. 4 illustrates an example of wireless communication according to one

embodiment of the present invention.

[0035] Fig. 5 illustrates a wireless communication system according to another

embodiment of the present invention.

[0036] Fig. 6 illustrates a wireless communication method according to one embodiment of

the present invention.

[0037] Fig. 7A and 7B illustrate a wireless communication method according to another

embodiment of the present invention.

[0038] Fig. 8 illustrates a wireless communication transmitter according to one

embodiment of the present invention.

[06039] Fig. 9 illustrates a wireless communication receiver according to one embodiment

of the present invention.

[0040] Fig. 10 illustrates a wireless communication transmitter according to one

embodiment of the present invention.

[6041] Fig. 11 illustrates a wireless communication receiver according to one embodiment

of the present invention.

DETAILED DESCRIPTION
[0042] Described herein are techniques for wireless communication systems and methods.
In the following description, for purposes of explanation, numerous examples and specific
details are set forth in order to provide a thorough understanding of the present invention. It

will be evident, however, to one skilled in the art that the present invention as defined by the
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claims may include some or all of the features in these examples alone or in combination with
other features described below, and may further include modifications and equivalents of the

features and concepts described herein.

[6043] Fig. 2 illustrates a wireless communication system according to one embodiment of
the present invention. System 200 includes digital-to-analog converter (DAC) 201, DAC
202, filter 203, filter 204, up-converter 205 (such as a mixer), up-converter 206, synthesizer
207, power amplifier 208, and antenna 209. Fig. 3 illustrates an example of the frequency
content of the transmitted signal 300 which may result from system 200. Information (i.e.,
data) to be transmitted may be received in a baseband digital system 250, such as a wireless
digital baseband processor. The baseband digital system 250 provides a first digital signal
that comprises first digital data 251 to be transmitted to “IN1” and provides a second digital
signal that comprises second digital data 252 to be transmitted to “IN2”. The data 252 and
data 252 may be packets of data that conform to a specific wireless communication protocol,
for example. Baseband digital system 250 may deserialize a data stream (e.g., using a
demultiplexing function) to divide data packets between the two transmitter channels, for
example. As another example, the original information data may be passed through an
encoder and the output of the encoder would be split into two streams providing inputs 251
and 252. The data of the first digital signal and the data of the second digital may be

unrelated data steams or may be data from the same data stream, for example.

[0044] In this example, the input of DAC 201 is coupled to a first data output of the
baseband processor 250, and the first digital signal is converted to a first analog signal by
DAC 201. Similarly, the input of DAC 202 is coupled to a second data output of baseband
processor 250, and the second digital signal is converted to a second analog signal by DAC
202. The output of DAC 201 is coupled to the input of filter 203, and the first analog signal
is filtered by filter 203 to remove unwanted frequency content (e.g., remove aliasing).
Similarly, the output of DAC 202 is coupled to the input of filter 204, and the second analog

signal is filtered by filter 204 to remove unwanted frequency content.

[0045] A first input of up-converter 205 is coupled to the output of filter 203 to receive the
first analog signal and a second input of up-converter 205 is coupled to synthesizer 207 to
receive a first modulation signal having a first RF center frequency 303 (f) as shown in Fig.
3. Accordingly, the first analog signal is up-converted around a center frequency of f; by up-

converter 205 to generate a first up-converted analog signal 301. The first up-converted
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analog signal 301 includes a first up-converted frequency range 305. It can be seen from Fig.
3 that the first up-converted frequency range is from the first RF frequency 303 minus one-
half the first up-converted frequency range to the first RF frequency plus the one-half the first

up-converted frequency range.

[0046] Similarly, a first input of up-converter 206 is coupled to the output of filter 204 to
receive the second analog signal and a second input of up-converter 206 is coupled to
synthesizer 207 to receive a second modulation signal having a second RF center frequency
304 () as shown in Fig. 3. Accordingly, the second analog signal is up-converted around a
center frequency of f; by up-converter 206 to generate a second up-converted analog signal
302. The second up-converted analog signal 302 includes a second up-converted frequency
range 306. It can be seen from Fig. 3 that the second up-converted frequency range is from
the second RF frequency 304 minus one-half the second up-converted frequency range to the
second RF frequency plus the one-half the second up-converted frequency range.
Additionally, Fig. 3 illustrates that a frequency difference between the first RF center
frequency and the second RF center frequency is greater than the sum of one-half the first
frequency range and one-half the second frequency range so that the up-converted signals do
not overlap and thereby cause distortion. In general, either two synthesizers can be used to
generate f1 and {2, or a single synthesizer with the capability of producing f1 and 2

simultaneously.

[0047] A power amplifier 208 (PA) is coupled to receive the first and second up-converted
analog signals 301 and 302. The first and second up-converted signals may be simply added
together at the input of PA. Embodiments of the present invention transmit multiple signals
simultaneously over a communication channel at different center frequencies, and may use a
single power amplifier and antenna. In another embodiment, two or more power amplifiers
may be used as part of the power amplifier implementation. In this example, the bandwidth
309 (BWpa) of the PA 208 is greater than the difference between a lowest frequency 307
(fiow) in the first up-converted frequency range 305 and highest frequency 308 (fign) in the
second up-converted frequency range 306. The input of amplifier 208 is coupled to the
outputs of up-converters 205 and 206. Accordingly, the first and second up-converted analog
signals are combined at the input of amplifier 208 before amplification to produce a
combined up-converted signal. The amplifier 208 outputs an amplified up-converted signal
comprising the first up-converted analog signal and the second up-converted analog signal.

The antenna 209 is coupled to the output of amplifier 208 to transmit the amplified up-
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converted signal as an electromagnetic signal. When the bandwidth 309 of PA 208 covers a
wide bandwidth, many up-converted signals may be transmitted using the single power
amplifier 208 and a single antenna 209. Since only a single antenna is utilized, the
application may not require multiple power amplifiers and antennas, which reduces area and

cost while increasing data throughput or, as illustrated below, reliability.

[0048] Fig. 4 illustrates an example of how the frequency content can move within a
bandwidth according to one embodiment of the present invention. Communication system
200 may generate frequency content 400 comprising the first up-converted analog signal 401
and the second up-converted analog signal 402. The synthesizer 207 may receive instructions
from the baseband processor 250, for example, to change the first RF center frequency 403
(f1a) and second frequency RF center frequency 404 (f4) within a bandwidth 440 (BWp,).
The change in frequency may occur concurrently, for example. This may result in a new
frequency content 410 in which the signal 401 has moved in frequency as illustrated by signal
411 having an RF center frequency 413 (fig), and the signal 402 has moved in frequency as
illustrated by signal 412 having an RF center frequency 414 (f;5). Some time later the RF
frequencies can change again. This may result in a new frequency content 420 in which the
signal 411 has changed to 421 with fifth RF frequency 423 (fic) and the signal 412 has
changed to signal 422 with sixth RF frequency 424 (foc). Some time later the RF frequencies
may change again. In this example, another change may return the RF signals to the original
locations in frequency illustrated in frequency content 400. This cycle may repeat itself
again or begin a different cycle. Different implementations may change the RF center
frequencies between a variety of locations. For example, the changes may move the RF
signals to adjacent or non-adjacent locations, or the signal 401 may be moved to higher
frequencies than signal 401. Additionally, the changes in RF frequency can happen at
irregular intervals or at regular intervals (periodically). As illustrated in Fig. 2, synthesizer
207 may be coupled to baseband processor 250 for controlling the frequencies generated at
each synthesizer output. For example, synthesizer 207 may be programmed or otherwise
configured to generate modulation signals with RF frequencies illustrated in Figs. 3 and 4.
Synthesizer 207 may then be reprogrammed or otherwise reconfigured to change the RF
frequencies as described above. Furthermore, the spacing between the two RF center
frequencies may remain the same or may vary. One or more data streams from the same or
different sources may be transmitted using a single power amplifier wherein the bandwidth of

said power amplifier is greater than the difference between a lowest frequency in the first up-
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converted frequency range (fiow) and a highest frequency in the second up-converted

frequency range (fhign).

[6049] Another embodiment of the invention may utilize a first wireless protocol to encode
the first digital data and utilize a second wireless protocol to encode the second digital data.
Almost any existing protocol may be used as the first protocol or second protocol. An ultra-
wideband (UWB) protocol such as WiMedia, wireless local area network (WLAN) protocol
such as 802.11.g, or cellular standard may be used. A Orthogonal frequency domain
multiplexing (OFDM) or a code division muitiple access CDMA modulation may be used,

for example.

[0050] Fig. 5 illustrates a wireless communication system according to another
embodiment of the present invention. System 500 includes an antenna 501, low noise
amplifier 502 (LNA), a down-converter 504, a down-converter 505, a synthesizer 503, filters
506 and 507, and analog-to-digital converters (ADC) 560 and 570. Frequency content 510
may be transmitted as the first electromagnetic signal described above and received by
antenna 501. The electromagnetic signal received by antenna 501 may include an up-
converted analog signal from a transmitter as described above including signals 511 and 512.
As mentioned above, the signals 511 and 512 carry different data from a common data stream
or from different data streams, data corresponding to different protocols, or even the same
data. Signal 511 may be an analog signal up-converted to a first RF center frequency, and
signal 512 may an analog signal up-converted to a second RF center frequency. A low noise
amplifier 502 has an input coupled to antenna 501 to receive the up-converted RF signals,
and outputs an amplified up-converted signal. In a differential system the output of the LNA
may be two signal lines (i.e., a differential signal), for example. A first down-converter 504
includes a first input that is coupled to the output of LNA 502 to receive the amplified RF
signal. The first down-converter 504 includes a second input coupled to receive a signal
corresponding to the first RF center frequency (i.e., a demodulation signal having a frequency
such as f1) from synthesizer 503. The first down-converter 504 outputs a first down-
converted analog signal. The first down-converted analog signal corresponds to the analog
signal carrying information across frequency range 515, which was provided to an up-
converter in the transmitter that generated signal 510. A second down-converter 505 includes
an input that is coupled to the output of LNA 502 to receive the amplified up-converted
signal. The second down-converter 505 includes an input that is coupled to a signal

corresponding to the second RF frequency (f2) from synthesizer 503. The second down-
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converter 505 outputs a second down-converted analog signal. The second down-converted
analog signal from down-converter 505 corresponds to an analog signal carrying information
across frequency range 516, which was provided to an up-converter in the transmitter that
generated signal 510. The output of down-converter 504 is coupled to the input of filter 506
to receive the first down-converted analog signal. Similarly, the output of down-converter
505 is coupled to the input of filter 507 to receive the second down-converted analog signal.
The filters eliminate frequency content outside the frequency band of interest. As illustrated
by 520 and 530, signals 515 and 516 are down-converted to baseband and filtered, so that
each signal may be processed on separate receiver input channels (e.g., filters, ADCs, and
digital processing circuits in baseband processor 550). While the above examples illustrate
transmission and reception using direct up and down conversion to and from RF center
frequencies, it is to be understood that in other implementations the signals could be
up/down-converted to intermediate frequencies in intermediate steps between baseband
processing. The filtered signals 522 and 521 may be found at locations 508 and 509, and are
illustrated in graphs 520 and 530. Analog-to-digital converter 560 is coupled to the output of
filter 506 to receive the first down-converted signal 522 and convert signal 522 to back into a
digital signal. Similarly, analog-to-digital converter 570 is coupled to the output of filter 507
to receive the second down-converted signal 521 and convert signal 521 to back into a digital
signal. The digital signals may be processed to retrieve the original data. For example, the
digital signals may be serialized back into a single data stream (e.g., using a MUX),
processed independently according to different protocol requirements, or, if the data is the

same data, combined digitally to improve the reliability of the transmission, for example.

[0051] Fig. 6 illustrates a wireless communication method 600 according to one
embodiment of the present invention. At 601, a first digital signal, including a first data, is
received, and a second digital signal, including a second data, is received. The data may be
received from a baseband processor in a wireless transmitter, for example, for up-conversion
and transmission as an electromagnetic signal. In one embodiment, the first data may be
unrelated to the second data. However, in other embodiments, the first data may correspond
to the second data. For example, the same data may be encoded and divided into two streams
and up-converted to two different RF center frequencies and then transmitted as described
above. At 602, the first digital signal is converted to a first analog signal using a first digital-
to-analog converter, for example. The first analog signal carries the first data across a first

frequency range. Also at 602, the second digital signal is converted to a second analog signal
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using a second digital-to-analog converter, for example. The second analog signal carries the
second data across a second frequency range. In one embodiment described in more detail
below, the first and second analog signals are carrying different coded versions of the same
digital data. At 603, the first analog signal is up-converted to a first RF center frequency.
The up-converted first analog signal comprises a first up-converted frequency range from the
first RF center frequency minus one-half the first frequency range to the first RF center
frequency plus one-half the first frequency range. Also at 603, the second analog signal is
up-converted to a second RF center frequency. The up-converted second analog signal
comprises a second up-converted frequency range from the second RF center frequency
minus one-half the second frequency range to the second RF center frequency plus one-half
the second frequency range. The frequency difference between the first RF center frequency
and the second RF center frequency may be greater than the sum one-half the first frequency
range and one half the second frequency range. Accordingly, the frequency content of the
up-converted signals will not overlap. At 604, the first up-converted analog signal and the
second up-converted analog signal are combined into a combined up-converted signal. At
605, the combined up-converted signal is amplified (e.g., in a power amplifier) and resuits in
an amplified combined up-converted signal. In one embodiment, the bandwidth of the power
amplifier is greater than the difference, in frequency, between a lowest frequency in the first
up-converted frequency range and a highest frequency in the second up-converted frequency
range. At, 606 the amplified signal is transmitted, for example, by coupling the output of the

power amplifier to an antenna.

{0052] Fig. 7A and 7B illustrate a wireless communication method 700 according to
another embodiment of the present invention. At 701, a first digital signal, including a first
data, is received and a second digital signal, including a second data, is received. In this
example, the first and second data include different coded versions of the same data. For
example, as mentioned above, one embodiment of the invention may include transmitting the
same data at two different RF frequencies and receiving and combining the data. This may
be done so that the transmission of the data is more reliable (e.g., fewer errors). Also, using
this method may allow for greater transmission range. This method may make the signal data
more impervious to noise and interference. At 702, the first digital signal is converted to first
analog signal using a first digital-to-analog converter. The first analog signal carries the first
data across a first frequency range. Also at 702, the second digital signal is converted to a

second analog signal using a second digital-to-analog converter. The second analog signal
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carries the second data across a second frequency range. At 703, the first analog signal is up-
converted to a first RF center frequency. The up-converted first analog signal comprises a
first up-converted frequency range from the first RF center frequency minus one-half the first
frequency range to the first RF center frequency plus one-half the first frequency range. Also
at 703, the second analog signal is up-converted to a second RF center frequency. The up-
converted second analog signal comprises a second up-converted frequency range from the
second RF center frequency minus one-half the second frequency range to the second RF
center frequency plus one-half the second frequency range. The frequency difference
between the first RF center frequency and the second RF center frequency is greater than the
sum one-half the first frequency range and one half the second frequency range. At 704, the
first up-converted analog signal and the second up-converted analog signal are combined into
a combined up-converted signal. At 705, the combined up-converted signal is amplified in a
power amplifier and results in an amplified combined up-converted signal. The bandwidth of
the power amplifier is greater than the distance between a lowest frequency in the first up-
converted frequency range and a highest frequency in the second up-converted frequency

range. At, 706 the amplified combined up-converted signal is transmitted on a first antenna.

[0053] At 707, the transmitted signal is received on a second antenna of a receiver. At the
receiver the two coded versions of the same data are processed and decoded properly to
recover the original data. At 708, the received signal is amplified in a low noise amplifier
and results in an amplified received up-converted signal. The bandwidth of the low noise
amplifier is greater than the distance between a lowest frequency in the first up-converted
frequency range and a highest frequency in the second up-converted frequency range. At
709, the amplified received up-converted signal is down-converted using a first down-
converter and a signal corresponding to the first RF center frequency to produce a fourth
analog signal corresponding to the first analog signal. Also at 709, the amplified received up-
converted signal is down-converted using a second down-converter and a signal
corresponding to the second RF center frequency to produce a fifth analog signal
corresponding to the second analog signal. The received down-converted analog signals may
be processed in separate analog receiver channels and combined digitally, as described above,
or the fourth and the fifth analog signals may be combined into a sixth signal, as illustrated at
710. At 711, the combined signal is filtered. It is to be understood that filtering may occur

before or after the received signals are combined. At 712, the combined signal is converted
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into a digital signal using an analog-to-digital converter. The resulting digital signal maybe

processed digitally by a baseband processor and output first data.

[6054] Fig. 8 illustrates a wireless communication transmitter according to one
embodiment of the present invention. This example provides a transmitter for sending the
same data across a communication channel at two different RF carrier frequencies to improve
reliability and/or increase the range of the system. A DAC 810 receives the data to be
transmitted and converts the digital data into an analog signal. The output of the DAC 810 is
coupled to the input of a filter 811 to filter unwanted frequency content, such as aliasing, for
example. The output of filter 811 is coupled to the input of a first up-converter 812.
Additionally, the output of filter 811 is coupled to the input of a second up-converter 813.
Up-converter 812 includes a second input coupled to an output of a synthesizer 814, which
may be used to up-convert the analog signal to a RF center frequency f1. Similarly, up-
converter 813 includes a second input coupled to another output of a synthesizer 814 (or to a
different synthesizer), which may be used to up-convert the analog signal to a RF center
frequency f2. The outputs of up-converters 812 and 813 are coupled together and to the input
of power amplifier 815. Accordingly, the up-converted signals are combined at the power
amplifier input. Power amplifier 815 has a bandwidth sufficient to amplify all of the
frequency content in the combined signal. The output of power amplifier 815 is coupled to
antenna 850 to transmit the digital data simultaneously as an electromagnetic signal using

two different RF carrier frequencies.

[0055] Fig. 9 illustrates a wireless communication receiver according to one embodiment
of the present invention. System 900 includes an antenna 901, low noise amplifier 902
(LNA), a down-converter 404, a down-converter 905, a synthesizer 903, a filter 906, and an
analog-to-digital converter (ADC) 907. Frequency content 910 may be transmitted as an
electromagnetic signal described above and received by antenna 901. The electromagnetic
signal received by antenna 901 may include an up-converted analog signal from transmitter
800, for example, including signals 911 and 912. In this example, the signals 911 and 912
carry the same information (data). For example, signal 911 may be an analog signal up-
converted to a first RF frequency, and signal 912 may be the same analog signal up-converted
to a second RF frequency. A low noise amplifier 902 has an input coupled to antenna 901 to
receive the up-converted RF signals, and outputs an amplified up-converted signal on line
909. In a differential system line, 909 may be two signal lines (i.e., a differential signal). A

first down-converter 904 includes a first input that is coupled to the output of LNA 902 to
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receive the amplified RF signal. The first down-converter includes a second input coupled to
receive a signal corresponding to the first RF frequency (i.e., a frequency such as f1) from
synthesizer 903. The first down-converter outputs a baseband analog signal. The analog
signal corresponds to the analog signal carrying information across frequency range 915,
which was provided to an up-converter in the transmitter that generated signal 910. A second
down-converter 905 includes an input that is coupled to the output of LNA 902 to receive the
amplified up-converted signal. The second down-converter 905 includes an input that is
coupled to a signal corresponding to the second RF frequency (f2) from synthesizer 903. The
second down-converter also outputs a baseband analog signal. The analog signal from down-
converter 905 corresponds to an analog signal carrying information across frequency range
916, which was provided to an up-converter in the transmitter that generated signal 910. As
mentioned above, frequency range 915 and 916 may carry the same information and may
result in the same analog signal when down-converted. A filter 906 is coupled to the output
of down-converter 904 to receive the down-converted version of signal 911. Filter 906 may
also be coupled to the output of down-converter 905 to receive the down-converted version of
signal 912. The filter eliminates frequency content outside the frequency band of interest.

As illustrated by 520, the analog signals 911 and 912 are down-converted to the same
frequency. In this example, the signals are combined and then filtered. However, it is to be
understood that the signals could be filter separately and then combined. In either case, the
signals are combined to improve the quality of the signal being received. In this example, the
signals are down-converted directly to baseband and combined. However, in other
implementations the signals could be down-converted to intermediate frequencies, combined,
and then down-converted to baseband. The combined filtered signal may be found at
location 908 and is illustrated in graph 920. An analog-to-digital converter 907 is coupled to
receive the combined signal, where the combined signal is converted to back into a digital
signal. The digital signal may be processed to retrieve the original data. If the second data is
the same as the first data, the system could be used to increase the reliability of the

communication channel or increase the range of transmission.

[0056] Fig. 10 illustrates a wireless communication transmitter according to one
embodiment of the present invention. Communication transmitter 1000 includes digital-to-
analog converter (DAC) 1001, DAC 1002, filter 1003, filter 1004, up-converter 1005 (such as
a mixer), up-converter 1006, synthesizer 1007, power amplifier 1008, antenna 1009,

encoding block 1010, and encoding block 1011. Digital-to-analog converter (DAC) 1001,
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DAC 1002, filter 1003, filter 1004, up-converter 1005, up-converter 1006, synthesizer 1007,
power amplifier 1008, and antenna 1009 function in a similar manner as corresponding
components digital-to-analog converter (DAC) 201, DAC 202, filter 203, filter 204, up-
converter 205, up-converter 206, synthesizer 207, power amplifier 208, and antenna 209

function in circuit 200 described above.

{0657] Encoding block 1010 and encoding block 1011 perform an orthogonal frequency
domain multiplexing (CFDM) modulation function which utilizes an Almouti code. This
example utilizes Almouti code, but other orthogonal codes may be utilized. This encoding
may be done in software, firmware, or both. Elements 1013, 1014, 1015, and 1016 make up

one coding matrix.

i { 5,05, () }
MO0

Four OFDM symbols comprised of N elements each are transmitted in a first time slot and a
second time slot. The first time slot includes OFDM symbol 1017 and OFDM symbol 1018.
The second time slot includes OFDM symbol 1023 and OFDM symbol 1024. OFDM symbol
1017 and 1023 are processed through an inverse fast fourier transform (IFFT) 1019 and
converted to a serial bit stream with a cyclic prefix 1021. OFDM symbol 1018 and 1024 are
processed through an inverse fast fourier transform (IFFT) 1020 and converted to a serial bit
stream with a cyclic prefix 1022, The resulting bit streams are converted, up-converted,
combined, amplified, and transmitted as described above. The symbols are transmitted over a
single antenna. The frequencies f; and f; may hop to different frequencies as described

above.

[0058] Fig. 11 illustrates a wireless communication receiver according to one embodiment
of the present invention. Communication receiver 1100 includes antenna 1101, low noise
amplifier 1102 (LNA), down-converter 1104, down-converter 1105, synthesizer 1103, filter
1106, amplifier 1108, analog-to-digital converter (ADC) 1107, and decoding block 1109.
Antenna 1101, low noise amplifier 1102 (LNA), down-converter 1104, down-converter 1105,
synthesizer 1103, filter 1106, and analog-to-digital converter {ADC) 1107 function in a
similar manner as corresponding components antenna 901, low noise amplifier 902 (LNA),
down-converter 904, down-converter 905, synthesizer 903, filter 906, and analog-to-digital
converter (ADC) 907 function in circuit 900 described above. Amplifier 1108 may be an

automatic gain control circuit or “AGC” added to provide additional gain prior to conversion
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into digital by ADC 1107. The transmitted signal is received on a single antenna and after
down-conversion the signals are recombined and share the same signal path through the filter

1106, amplifier 1108, and a single ADC 1107.

[0059] Decoding block 1109 produces estimates of the information contained in the
transmission. The data is converted from serial to parallel data 1110 and then the data is
organized into blocks comprising “N” elements. The data is processed by a fast fourier
transform (FFT) before estimating the data. This example utilizes Almouti code, but other
orthogonal codes may be utilized. The purpose of the decoding is to recover S; and S, from
element 1114 and element 1115. Other elements are estimated in a similar fashion.
[hi,hy,....hn] represents the channel response over band frequency f1. [g1,22,...,2n] represents
the channel response over band frequency f>, Let Y, be equal to element 1114, and let Y; be

equal to element 1115.

Y, =hsS 1)+ g5, (1)
Yz :hIS;(l)-’_ngl*
Estimates
o L HRD+gY
1= 2 2
ARRrY
o L BHO-RY
2 = 2 2
| +|gi]

The other elements may be estimated in a similar fashion.

[0060] The above description illustrates various embodiments of the present invention
along with examples of how aspects of the present invention may be implemented. The
above examples and embodiments should not be deemed to be the only embodiments, and are
presented to illustrate the flexibility and advantages of the present invention as defined by the
following claims. For example, while one or more embodiments may have been described as
having “an input” or “an output”, it is to be understood that this term includes single-ended
inputs, differential inputs, or even quadrature inputs. As another example, it is to be
understood that the synthesizer used to generate different up/down conversion frequencies
may be implemented as a single block or as multiple distinct blocks. Based on the above
disclosure and the following claims, other arrangements, embodiments, implementations and
equivalents will be evident to those skilled in the art and may be employed without departing

from the spirit and scope of the invention as defined by the claims.
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WHAT IS CLAIMED IS:

1. A method of transmitting information in a wireless communication
channel comprising:

transmitting first information across a first frequency range using a wireless
transmitter, the first frequency range having a first center frequency, a first highest frequency,
and a first lowest frequency; and

simultaneously transmitting second information across a second frequency
range using the same wireless transmitter, the second frequency range having a second center
frequency greater than the first center frequency, a second highest frequency, and a second

lowest frequency.

2. The method of claim 1 wherein frequency difference between the first
center frequency and the second center frequency is greater than the sum of one-half the first

frequency range and one-half the second frequency range.

3. The method of claim 1 wherein the first and second information are

transmitted using the same power amplifier in said wireless transmitter.

4. The method of claim 3 wherein the bandwidth of said power amplifier
is greater than the difference between the first lowest frequency and the second highest

frequency.

5. The method of claim 1 further comprising concurrently changing the
first center frequency to a third center frequency and the second center frequency to a fourth
center frequency, wherein the fourth center frequency is greater than the third center
frequency, and wherein the first center frequency changes by at least the first frequency range
and the second center frequency changes by at least the second frequency range, and wherein
the bandwidth of said power amplifier is greater than the difference between the first lowest
frequency and the second highest frequency for the changed first and second center

frequencies.

6. The method of claim 1 wherein the first information corresponds to a

first wireless protocol and the second information corresponds to a second wireless protocol.
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7. The method of claim 1 wherein the first information and the second

information are the same data transmitted across two different frequencies.

8. The method of claim 1 wherein the first information and the second

information are from the same data stream.

9. The method of claim 1 wherein first information and second
information comprise a plurality of OFDM symbols, wherein a first symbol is transmitted
during a first time slot across the first frequency range and a second symbol is transmitted
during the first time slot across the second frequency range, and wherein a third symbol is
transmitted during a second time slot across the first frequency range and a fourth symbol is

transmitted during the second time slot across a second frequency range.

10. A method of transmitting information in a wireless communication
channel comprising:

receiving a first digital signal comprising first data to be transmitted;

receiving a second digital signal comprising second data to be transmitted;

converting the first digital signal into a first analog signal using a first digital-
to-analog converter, the first analog signal carrying the first data across a first frequency
range;

converting the second digital signal into a second analog signal using a second
digital-to-analog converter, the second analog signal carrying the second data across a second
frequency range;

up-converting the first analog signal to a first RF center frequency to produce
a first up-converted analog signal, wherein the first up-converted analog signal comprises a
first up-converted frequency range from the first RF center frequency minus one-half the first
frequency range to the first RF center frequency plus one-half the first frequency range;

up-converting the second analog signal to a second RF center frequency
greater than the first center RF frequency to produce a second up-converted analog signal,
wherein the second up-converted analog signal comprises a second up-converted frequency
range from the second RF center frequency minus one-half the second frequency range to the
second RF center frequency plus one-half the second frequency range, and wherein a

frequency difference between the first RF center frequency and the second RF center
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frequency is greater than the sum of one-half the first frequency range and one-half the
second frequency range;

combining the first up-converted analog signal and the second up-converted
analog signal to produce a combined up-converted signal;

amplifying the combined up-converted signal in a power amplifier resulting in
an amplified combined up-converted signal; and

transmitting the amplified combined up-converted signal on a first antenna,

wherein the bandwidth of said power amplifier is greater than the difference
between a lowest frequency in the first up-converted frequency range and a highest frequency

in the second up-converted frequency range.

11.  The method of claim 10 further comprising changing the first and
second RF center frequencies, and in accordance therewith, up-converting the first analog
signals to the changed first and second RF center frequencies, wherein the first RF center
frequency changes by at least the first frequency range and the second RF center frequency

changes by at least the second frequency range.

12. The method of claim 11 wherein the first and second RF center

frequencies are changed concurrently.

13. The method of claim 10 wherein the first digital signal is encoded
using a first wireless protocol and the second digital signal is encoded using a second

wireless protocol.

14.  The method of claim 10 wherein the second data is the same as the first
data, the method further comprising:

receiving the transmitted signal on a second antenna;

amplifying the received signal in a low noise amplifier resulting in an
amplified received up-converted signal, wherein the bandwidth of said low noise amplifier is
greater than the difference between the lowest frequency in the first up-converted frequency
range and the highest frequency in the second up-converted frequency range;

down-converting the amplified received up-converted signal using a first
down-converter and a signal corresponding to the first RF center frequency to produce a

fourth analog signal corresponding to the first analog signal; and
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down-converting the amplified received up-converted analog signal using a
second down-converter and a signal corresponding to the second RF center frequency to

produce a fifth analog signal corresponding to the second analog signal.

15.  The method of claim 12 further comprising:

filtering the fourth analog signal using a third filter and filtering the fifth
analog signal using a fourth filter; and

converting the filtered fourth analog signal into a third digital signal using a
first analog-to-digital converter and converting the filtered fifth analog signal into a fourth
digital signal using a second analog-to-digital converter; and

combining the third and fourth digital signals to receive data corresponding to

the first data.

16.  The method of claim 12 further comprising:
combining the fourth and fifth analog signals resulting in a sixth signal; and
converting the sixth signal into a third digital signal using a first analog-to-

digital converter, and in accordance therewith, receiving data corresponding to the first data.

17. A wireless communication system comprising:

a baseband digital system for providing a first digital signal comprising a first
data to be transmitted and a second digital signal comprising a second data to be transmitted;

a first digital-to-analog converter for receiving the first digital signal and
converting the first digital signal into a first analog signal, the first analog signal carrying the
first data across a first frequency range;

a second digital-to-analog converter for receiving the second digital signal and
converting the second digital signal into a second analog signal, the second analog signal
carrying the second data across a second frequency range;

a first up-converter circuit having a first input coupled to receive the first
analog signal and a second input coupled to receive a first modulation signal having a first RF
frequency, wherein the first up-converter outputs a first up-converted analog signal
comprising a first up-converted frequency range from the first RF frequency minus one-half
the first frequency range to the first RF frequency plus one-half the first frequency range;

a second up-converter circuit having a first input coupled to receive the second
analog signal and a second input coupled to receive a second modulation signal having a

second RF frequency, wherein the second up-converter outputs a second up-converted analog
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signal comprising a second up-converted frequency range from the second RF frequency
minus one-half the second frequency range to the second RF frequency plus one-half the
second frequency range, and wherein frequency difference between the first RF frequency
and the second RF frequency is greater than the sum of one-half the first frequency range and
one-half the second frequency range; and

a power amplifier coupled to receive the first and second up-converted analog
signals, wherein the bandwidth of the power amplifier is greater than the difference between
a lowest frequency in the first up-converted frequency range and a highest frequency in the

second up-converted frequency range.

18. The communication system of claim 17 wherein the first RF frequency

and the second RF frequency change within the bandwidth of the power amplifier.

19.  The communication system of claim 18 wherein the first RF frequency

and the second RF frequency change concurrently.

20.  The communication system of claim 18 wherein the first RF frequency

and the second RF frequency change periodically.

21.  The communication system of claim 17 wherein the first data of the
first digital signal is encoded using a first wireless protocol and the first data of the second

digital signal is encoded using a second wireless protocol.

22.  The communication system of claim 17 wherein the second data
corresponds to the first data and wherein the power amplifier outputs a third up-converted
signal comprising the up-converted first analog signal and the up-converted second analog

signal.

23.  The communication system of claim 17 wherein first and second data
to be transmitted comprise a plurality of OFDM symbols, wherein a first symbol is
transmitted during a first time slot across the first up-converted frequency range and a second
symbol is transmitted during the first time slot across the second up-converted frequency
range, and wherein a third symbol is transmitted during a second time slot across the first up-
converted frequency range and a fourth symbol is transmitted during the second time slot

across a second up-converted frequency range.
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24.  An electronic circuit comprising:

a first down-converter circuit having a first input coupled to receive a first up-
converted signal, a second input coupled to receive a first demodulation signal having a first
RF frequency, and an output, wherein the first down-converter circuit outputs a first down-
converted signal on the first down-converter output;

a second down-converter circuit having a first input coupled to receive the first
up-converted signal, a second input coupled to receive a second demodulation signal having a
second RF frequency different than the first RF frequency, and an output, wherein the second
down-converter outputs a second down-converted signal on the second down-converter
output, wherein the first up-converted signal comprises a first signal modulated at the first RF
frequency and a second signal modulated at the second RF frequency; and

a filter having an input coupled to the output of the first down-converter and
the output of the second down-converter, and in accordance therewith, the filter receives the

first and second down-converted signals.

25.  The communication system of claim 24 wherein first signal has a first
frequency range and the second signal has a second frequency range, and wherein the
frequency difference between the first RF frequency and the second RF frequency is greater

than the sum of one-half the first frequency range and one-half the second frequency range.
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Wireless Communication Systems and Methods

ABSTRACT

Embodiments of the present invention transmit signals simultaneously over a
communication channel at different RF center frequencies, and may use a single power
amplifier and antenna. In one embodiment the present invention includes a method of
transmitting information in a wireless communication channel comprising receiving digital
signals having data to be transmitted, converting the signals to analog signals, up-converting
each analog signal, combining the up-converted signals, amplifying the combined up-
converted signal and transmitting the combined up-converted signal. In one embodiment, the
same data is sent over a transmission channel at two different frequencies to improve

reliability.
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