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’

APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO/TITLE |
12/303,947 07/07/2010 Yeong Hyeon Kwon 7836-4-PUS
CONFIRMATION NO. 1730
62574 POA ACCEPTANCE LETTER
Jason H. Vick
Sheridan Ross, PC N AT AT
Suite # 1200 000000071715188

1560 Broadway
Denver, CO 80202
Date Mailed: 11/07/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 10/30/2014.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/ttkim/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

! hereby revoke all ¢
under 37 CFR 3.73
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vious powers of attarney given in the application identified in the attached staterment

with Customer Number 6 2 5? 4
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i, then a customer number must be usad)

Mame Narme Registration
iu vb»!r ber
o Uy igned before the United States Patent and Trademark Cffice (USPTGO) in connection with
::sudw% ass ;ned oaly 1o the undersigned according to the USPTO assignmant records or assignments documenis

attached slatement under 37 OFR 3.73{g) ta

The address associated with Customer Nurnber: 6 25? 4

i Firmor
individual Mame

Address

ity %;m
i

Country

Teleghone Email

Assignee Name and Address: EVOLVED WIRELESS LLC
05 Las Cimas Parkway, Suite 240
Austin, TX 78746

o]

& copy of this form, together with a stalement under 37 OFR 3.73{c} (Form PTO/AIANEE or eguivaient) is reguired to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73{¢) may be completed by one of
The practitiopers appointed in this form, and must identify the application in which this Power of Altorney is to be filed.

SIGNATURE of Assignee of Record
The individual whose signaturs and fitle is supplied below Is authorized o act on behalf of the assignes

S
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Electronic Acknowledgement Receipt

EFS ID: 20565718
Application Number: 12303947
International Application Number:
Confirmation Number: 1730

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Customer Number:

62574

Filer:

Jason Vick/Joanne Vos

Filer Authorized By: Jason Vick
Attorney Docket Number: 7836-4-PUS
Receipt Date: 30-0CT-2014
Filing Date: 07-JUL-2010
Time Stamp: 16:39:49

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
2526383
Statement_Under_373c_w_PO
1 yes 3

A_EWL.pdf

87718370323572db1f4146ac00d6bd038a¢]

c6dbe
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Multipart Description/PDF files in .zip description
Document Description Start End
Assignee showing of ownership per 37 CFR 3.73. 1 2
Power of Attorney 3 3
Warnings:
Information:
Total Files Size (in bytes){ 2526383

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

ZTE 1002-0004
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a valid OMB control numbar,

FPaperwork Reduction Act of 1995, ne persons are required to respond fc a ©

Under the F
STATEMENT UNDER 37 CFR 3.73(c})
EVOLVED WIRELESS LLC

Applicant/Patent Owner:
July 10, 2012

Application No./Patent No.: 8,218,481 Filed/lssue Date:

Titad: METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

EVOLVED WIRELESS LLC _ Corporation

(Name of Assignes} {Type of Assignee, e.g., corporation, parinership, univarsity, governmant agency, @i}

states that, for the patent application/patent identified above, it is (choose gne of options 1, 2, & or 4 below):

The assignee of the entire right, title, and interest.
D An assignee of less than the entire right, title, and interest (check appiicabie box}:
L..j The extant {by percentage) of its ownership interestis
heiding the balance of the interest must ba submitiad to account for TUJ% 0\‘ the OWi’it‘i’thF} mtercst

E There are unspecified parcentages of ownership. The other parties, including inveniors, who together own the entire

right, title and interest are:

3

Additional Statemeni(s) by the owner(s) holding the balance of the interest musi be submitied to account for the entire

right, title, and interest.
3. u The assignee of an undivided interest in the entirety {a compiete assignment from one of the joint inveniors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement{s} by the owner(s) holding the balance of the intere
right, title, and interast.

4. D The recipient, via a court proceeding or the like (2.g., bankrupley, probate), of an undivided interest in the entirety (a
complets transfer of ownership interest was made). The certified document{s} showing the transier is attachaed.

Tha interest identified in opticn 1, 2 or 3 above (not option 4) is evidenced by aither {choose ane of options A or B below}:

A. m An assignment from the inventor(s) of the patant application/patant identified above. The assignmant was recorded in

the United States Patent and Trademark Offica at Reel CFrame , or for which a copy
thereof is attached.
B. L:“: A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. From: YEONG HYEON KWON et al. To: LG ELECTRONICS INC.
The document was recorded in the United States Patent and Trademark Office at
Reel 024647 , Frame 0517 . or for which a copy thereof s aftached.
5 Erom: LG ELECTRONICS INC. To TG LAMBDA LLC
The document was recorded in the Linited States Patent and Trademark Office at
Reet 032343 , Frame 0761 . or for which a copy thereof is attached.
{Page 1 of 2]
This collection of information is reguired by 37 CFR 3.73{b). The intormation is required to obtain or refain a be']e"' by ﬂ*e publn which ie {(ang by the USPTC fo
process} an ap . Contidentiality is governed by $.C. 122 and 37 CFR 1.11 and 1.14. 2ction is including
g upon n.he

gathering, pr reparing. and submitting the completed application Torr i
of time ),oq require to complete this form and/or suggestions for reducing this burde

Office, 1.8, Department of Commerce, £.O. Box 1450, Alexandria, VA 22313-145C. DO NOT SEND F&

TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450

wid be sent to the Chief inform
OR COMPLETE

S
\m'\as TOTHIS AJ’)HL 38, SEND

If vou need assistance in compleiing the form, call {-800-PT0-9198 and select option 2.

ZTE 1002-0005



PTO/AIACE (08-12)
Approved tor use throt G208 OMB 06851

U.8. Patert and Trad k Offi LS PARTMENT OF COMM E

Under the Paperwork Heduction Act of 1685, no persons are required e respond fo a collection of inform 1 unless it displays a valid OMBE control number.

STATEMENT UNDER 37 CFR 3.73(¢}

3 From: TQLAMBDALLC 1o EVOLVED WIRELESS LLC

The document was recorded in the United States Patent and Trademark Office at

Reel U34039 , Frame 0403 , or for which a copy theredf is aitachad.

-

4, From: Tor

The document was recorded in the United States Patent and Trademark Office at

Reel ., Frame , or for which a copy thereof is attached.

5. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel . Frame , or for which a copy thereof is attached.

&, From: fo:

The document was recorded in the United States Palent and Trademark Office at

Reel , Frame . of for which a copy thereof is attached.

m Additional documents in the chain of title are lisied on a supplemental sheet{s).

m As requirad by 37 CGFR 3.73{c}{1}(i), the documentary evidence of the chain of title from the original owner t¢ the

assignes was, or concuiranily is being, submittad for recordation pursuant to 37 CFR 3.11.

INOTE: A separale copy {i.e., a true copy of the original assignment documeant(s)) must be submittad to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned {whose itla is supplied balow) is authorized to act on behalf of the assignes.

fJason H. Vick/ October 30, 2014
Signature Date

Jason H. Vick 45,285

Printed or Typed Name Title or Regisiration Number

{Page 2 of 2}
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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’

APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/303,947 07/07/2010 Yeong Hyeon Kwon
CONFIRMATION NO. 1730
62574 POA ACCEPTANCE LETTER
Jason H. Vick
Sheridan Ross, PG N AT A A
Suite # 1200 000000067468470

1560 Broadway
Denver, CO 80202
Date Mailed: 04/01/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/11/2014.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/jtfitzhugh st/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

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’

APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO/TITLE |
12/303,947 07/07/2010 Yeong Hyeon Kwon 2101-3596
CONFIRMATION NO. 1730
35884 POWER OF ATTORNEY NOTICE
LEE, HONG, DEGERMAN, KANG & WAIMEY

660 S. FIGUEROA STREET

N AT TR OCE
Suite 2300 000000067468359

LOS ANGELES, CA 90017

Date Mailed: 04/01/2014

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/11/2014.

+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/jtfitzhugh st/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PTQIAIAG0 (0712)

Approved for use through 11730/2014. OMES 0851-0035

and Trademark Offics; U.5 DEPARTMENT OF COMMERCE
on of information unbass it displays a valid OMB conirol nusmber,

Undar the Faperwork Raduction Act of 1895, ne parsens are required {0 respond to a colle

POWER CF ATTORNEY TO FROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revdke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73(c).

| hereby appoint:

Z;;ctilioners assoclated with Customer Number: 6 2 57 4

D Fractitioner{s) namad balow (if more than tan patent practitionars are to be named, then a customer number must be used):

Name Registration Name Ragistration
Number Nurber

As attorney(s) or agent(s) to represent the undersigned hefore ths United States Patent and Trademark Office (USPTO} in connection with
any and all patent applications assigned gnly to the undersigned accerding to the USPTO assignment records or assignments documents
attached w this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3,73(¢j to:

L_!:] The address assaciated with Customer Number: 62574
OR

Firm or
Individual Nams

Address

. T
City |Suate gZip

Country

Telephone Email

Assignee Name and Address: TQ LAMBDA, LLC
805 Las Cimas Parkway, Suite 240
Austin, TX 78746

A copy of this form, together with a statement under 37 CFR 3.73(c) {(Form PTO/AIA/S6 or eguivalent) is required to be
Filed in each application i which this form is used. The statement under 37 CFR 3.73(¢c) may be compléted by qne of
The practitioners appointed in this form, and must identify the application in which this Power of Aftorney is 1o be filed.

SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignes

Signature [}‘b&u" %'Q)M Date 2_/ 2_'?,) wf

Name Abha S. Diline Telephone (512) 609-1820

Title Managing Director

Tis collgetion of informiation is required by 37 CFR 1.31. 1,32 and 1.23. The mformation is required to obilan or retam a benelt by the public which s fo kle tana
by the USPTO to process) an application, Confidantiality 1s governed by 35 U.S.C. 122 and 37 OFR 1.11 and 1.14, This collsction is sstimated to take 3 minutes
to compiata, including gathering, preparing, and subrmiiting the comipleted application form to the USPTO. Time will vary depending upon ihe ind al cass. Any
cormmerts on the amount of tima you raquire to comiplete this forre and/or suggestions for redusing this burden, shoutd be sent to fhe Chiel Ipiormatian Dificar,
.S, Patent and Trademark Offics, U.8, Departimant of Commerce, P.O. Box 1450, Akexandria, V4 2231 DO MOT SEND FEES OR COMPLETED
FORMS TO THIZ ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450,

if you n&ged assistance in complating tne form, call 1.800-PTC-3199 and seisct option 2.

ZTE 1002-0009



PTO/SB/47 (03-09)

Approved for use through 05/31/2015. OMB 0651-0016

U.8. Patent and Trademark Office; U, S, DEPARTMENT OF COMMERCE

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

“FEE ADDRESS” INDICATION FORM

Address to: Fax to:

Mail Stop M Correspondence §71-273-6500
Commissioner for Patents -OR-

P.O. Box 1450

Alexandria, VA 22313-1450

INSTRUCTIONS: The issue fee must have been paid for application(s) listed on this form. In addition,

only an address represented by a Customer Number can be established as the fee address for maintenance
fee purposes (hereafter, fee address). A fee address should be established when correspondence related to
maintenance fees should be mailed to a different address than the correspondence address for the application.

When to check the first box below: If you have a Customer Number to represent the fee address. When
to check the second box below: If you have no Customer Number representing the desired fee address,
in which case a completed Request for Customer Number (PTO/SB/125) must be attached to this form. For
more information on Customer Numbers, see the Manual of Patent Examining Procedure (MPEP) § 403.

For the following listed application(s), please recognize as the “Fee Address” under the provisions of 37 CFR
1.363 the address associated with:

Customer Number: 62574

OR

|:| The attached Request for Customer Number (PTO/SB/125) form.

PATENT NUMBER APPLICATION NUMBER

(if known)

8,218,481 12/303,947

Completed by (check one):

l:l Applicant/Inventor 3

e Signature
Attorney or Agent of record _45285 Jason H. Vick
(Reg. No.) Typed or printed name
D Assignee of record of the entire interest. See 37 CFR 3.71. 303-863-9700
Statement under 37 CFR 3.73(b) is enclosed. Requester’s telephone number
(Form PTO/SB/96)
D Assignee recorded at Reel Frame March 11, 2014
Date

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

* Total of forms are submitted.

This collection of information is required by 37 CFR 1.363. 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 colle clion is estimated fo take 5 minutes to complete,
including gathering, preparing, and submitting the completed application form o 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.C. Box 1450, Alex andria, VA 22313- 1450, DO NOT SEND COMPLETE D FORMS TO THIS A DDRESS.
SEND TO: Mail Stop M Correspondence, 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.

ZTE 1002-0010




Electronic Acknowledgement Receipt

EFS ID: 18437805
Application Number: 12303947
International Application Number:
Confirmation Number: 1730

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Customer Number:

35884

Filer: Jason Vick/Joanne Vos
Filer Authorized By: Jason Vick
Attorney Docket Number: 2101-3596
Receipt Date: 11-MAR-2014
Filing Date: 07-JUL-2010
Time Stamp: 17:43:35

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
522421
Statement_Under_373c_w_PO
1 yes 3

A.pdf

b15c26549ae785ebd7 ce35cch851a2f22f|

caed

ZTE 1002-0011




Multipart Description/PDF files in .zip description
Document Description Start End
Assignee showing of ownership per 37 CFR 3.73. 1 2
Power of Attorney 3 3
Warnings:
Information:
205392
2 Change of Address Fee_Address.pdf no 1
aeb3dec5f5992513cf06fc1359b4e8e9658b)
Warnings:
Information:
Total Files Size (in bytes)1 727813

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

ZTE 1002-0012



PTO/AIA/Q6 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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.

STATEMENT UNDER 37 CFR 3.73(c)
Applicant/Patent Owner: TQLAMBDA LLC

Application No./Patent No,: 8:218:481 Filed/Issue Date: July 10, 2012

Titled: METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

TQ LAMBDA LLC g Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, atc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

l_, The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: YEONG HYEON KWON et al. To: LG ELECTRONICS INC.
The document was recorded in the United States Patent and Trademark Office at
Reel 024647 , Frame 0817 , or for which a copy thereof is attached.
2. From: LG ELECTRONICS INC. To: TQLAMBDALLC

The document was recorded in the United States Patent and Trademark Office at
Reel 032343 Frame 0761

, or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information s required to obtaln or retain a benefit by the public which is 1o flle (and by the USPTO to
process) an application. Confidentlality 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.

ZTE 1002-0013




PTO/AIA/98 (08-12)

Approved for use through 01/31/2013, OMB 0651-0031

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

Under the Paperwork Reduction Act of 1985, no persons are requlred to respond to a collection of Information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

[:] Additional documents in the chain of title are listed on a supplemental sheet(s).

{Z} As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is suppli Ow) is authorized to act on t;ehalf of the assignee.
e March 11, 2014

e Date
Jason H. Vick 45,285
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/303,947 07/10/2012 8218481 2101-3596 1730
35884 7590 06/20/2012

LEE, HONG, DEGERMAN, KANG & WAIMEY
660 S. FIGUEROA STREET

Suite 2300

LOS ANGELES, CA 90017

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 135 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Yeong Hyeon Kwon, Gyeonggi-do, KOREA, REPUBLIC OF;
Seung Hee Han, Gyeonggi-do, KOREA, REPUBLIC OF;
Hyun Hwa Park, Gyeonggi-do, KOREA, REPUBLIC OF;
Dong Cheol Kim, Gyeonggi-do, KOREA, REPUBLIC OF;
Hyun Woo Lee, Gyeonggi-do, KOREA, REPUBLIC OF;

Min Seok Noh, Gyeonggi-do, KOREA, REPUBLIC OF;
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Electronic Patent Application Fee Transmittal

Application Number:

12303947

Filing Date:

07-Jul-2010

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Filer:

Ali. Atefi/Anna Tounian

Attorney Docket Number:

2101-3596

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Suz-;'g(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1740 1740
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount Sut—;l's(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2040
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Electronic Acknowledgement Receipt

EFS ID: 12943035
Application Number: 12303947
International Application Number:
Confirmation Number: 1730

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Customer Number:

35884

Filer: Ali. Atefi/Anna Tounian
Filer Authorized By: Ali. Atefi
Attorney Docket Number: 2101-3596
Receipt Date: 05-JUN-2012
Filing Date: 07-JUL-2010
Time Stamp: 21:43:17

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $2040

RAM confirmation Number 7133
Deposit Account 502290

Authorized User

LEE, HONG, DEGERMAN, KANG & WAIMEY

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
. 71729
. 2101-3596-Transmittal-
1 Transmittal Letter no 1
IssueFee.pdf
9d19¢73a415a8c2b0c626b2d5faed1f2cbd
17d7
Warnings:
Information:
340824
2 Issue Fee Payment (PTO-85B) 2101-3596-IssueFeeForm.pdf no 1
2c05cdaff912f14d9e01bf499ce687525d 64
2ac
Warnings:
Information:
32110
3 Fee Worksheet (SB06) fee-info.pdf no 2
d9b4c521d5b0c937c5d9dallealfdacd051
1bal4
Warnings:
Information:
Total Files Size (in bytes):i 444663

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Customer No. 035884 Docket No. 2101-3596
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Yeong Hyeon KWON et al. Art Unit: 2478
Serial No.:  12/303,947 Examiner: Khajuria, Shripal K.
Filed: July 7, 2010 Conf. No. 1730

For:  METHOD OF TRANSMITTING DATA IN A
MOBILE COMMUNICATION SYSTEM

TRANSMITTAL OF ISSUE FEE

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Notice of Allowance dated March 6, 2012, enclosed are the following:

X

Form Part B - Issue Fee Transmittal.

X

Inventor(s) or Assignee(s) is entitled to LARGE entity.

X The Commissioner is hereby authorized to charge the Issue Fee in the amount of $2,040
to the credit card and any deficiency in payment or credit any overpayment to Deposit
Account No. 502290.

Respectfully submitted,

Lee, Hong, Degerman, Kang & Waimey

Date: June 5, 2012 By: __ /Ali Atefi/
Ali Atefi
Registration No. 63,960
Attorney for Applicant(s)
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Customer No. 035884 Docket No. 2101-3596

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Yeong Hyeon KWON et al. Art Unit: 2478
Serial No.:  12/303,947 Examiner:  Khajuria, Shripal K.
Filed: July 7, 2010 Conf.No. 1730

For: METHOD OF TRANSMITTING DATA IN A
MOBILE COMMUNICATION SYSTEM

AMENDMENT AFTER NOTICE OF
ALLOWANCE (NOA) PURSUANT TO
37 CFR1.312

Mail Stop Issue Fee
Commissioner for Patents
P. O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Notice of Allowance dated March 6, 2012, for which the Issue
Fee is due June 6, 2012, this paper is submitted prior to payment of the Issue Fee.
Applicant respectfully requests that the Examiner amend the above-identified application

as follows prior to issuance:

ZTE 1002-0022



IN THE SPECIFICATION:

Please amend the first paragraph at line 1 on page 1 as follows:

This application is the National Stage filing under 35 U.S.C. § 371 of International
Application No. PCT/KR07/02784, filed on—dJandary June 8, 2007, which claims the
benefit_of earlier filing date and right of priority to Korean Application Nos. 10-2006-
0052167, filed on June 9, 2006, and 10-2006-0057488, filed on June 26, 2006.

2 Docket No. 2101-3596
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REMARKS

Claims 31-46, which are all the claims in the application, have been allowed.
Applicant respectfully submits that the amendments to the specification are intended to

correct formal matters and do not change the scope of the claims.

The foregoing amendment to the specification corrects a typographical error in
the filing date of PCT Application No. PCT/KR07/02784. It is respectfully noted that the
filing date of June 8, 2007 was correctly listed on PCT Publication No. WO
2007/042492, and on the Declaration/Power of Attorney filed on July 7, 2010.

The specification has been amended to reflect the issued status of the parent
application. No new matter has been added to the specification. In view of the
allowance of claims 31-46, which have not been amended with this paper, it is
respectfully submitted that claims 31-46 are still in condition for allowance. The
Examiner is requested to issue a Response to Rule 312 Communication (PTO-271) as

soon as possible.

If for any reason the Examiner finds the proposed amendments not in condition
for entry or if further changes are deemed necessary, the Examiner is requested to call
the undersigned attorney at the Los Angeles, California, telephone number (213) 623-
2221.

Respectfully Submitted,
LEE, HONG, DEGERMAN, KANG & WAIMEY

Date: May 3, 2012 By: _ /Ali Atefi/
Ali Atefi
Registration No. 63,960
Attorney for Applicant(s)

Customer No. 035884

3 Docket No. 2101-3596
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Electronic Acknowledgement Receipt

EFS ID: 12700958
Application Number: 12303947
International Application Number:
Confirmation Number: 1730

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Customer Number:

35884

Filer:

Ali. Atefi/Anna Tounian

Filer Authorized By: Ali. Atefi
Attorney Docket Number: 2101-3596
Receipt Date: 03-MAY-2012
Filing Date: 07-JUL-2010
Time Stamp: 19:13:05

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
82611
1 2101-3596-312Amendment.pdf yes 3

32c07¢3c8627f173b08d 1939ff6f909c084 2]

80a
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Multipart Description/PDF files in .zip description
Document Description Start End

Amendment after Notice of Allowance (Rule 312) 1 1

Specification 2 2

Applicant Arguments/Remarks Made in an Amendment 3 3

Warnings:
Information:
Total Files Size (in bytes){ 82611

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc code: IDS PTO/SB/08a (01-10)

Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed \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 contains a valid OMB control number.

Application Number 12303947
Filing Date 2010-07-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ‘ Yeong Hyeon Kwon
Art Unit | 2478
Examiner Name ‘ KHAJURIA, SHRIPAL K

Attorney Docket Number | 2101-3596

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
AV Patent Number Issue Date . Relevant Passages or Relevant
Initial No Cede! of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
N Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document )
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code? j Code4| Date PR Passages or Relevant
Document .
Figures Appear
B 1y | 2000102067 Jp 2000-04-07 | MITSUBISHI ELECTRIC u
CCRP
S.K/
2 2001268051 JP 2001-09-28 NTT DOCOMO INC |:|
19K
3 2003179576 JP 2003-06-27 SONY CORP ]

EFS Web 2.1.17
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Application Number 12303947
Filing Date 2010-07-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ’Yeong Hyeon Kwon

Art Unit | 2478

Examiner Name ‘ KHAJURIA, SHRIPAL K
Attorney Docket Number |2101-3596

SKL |4 2005/055527 WO 2005-06-16 | QUALCOMM INC ]

If you wish to add additional Fareign Patent Document citation information please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature /Shripal Khajuria/ Date Considered 04/24/2012

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if nhot in conformance and not considered. Include copy of this form with hext communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 3 Applicant is to place a check mark here if
English language translation is attached.

EFS Web 2.1.17
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Application Number 12303947
Filing Date 2010-07-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ’Yeong Hyeon Kwon

Art Unit | 2478

Examiner Name ‘ KHAJURIA, SHRIPAL K
Attorney Docket Number |2101—3596

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)}2).

[[] See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /David Majdalif Date (YYYY-MM-DD) 2012-04-18

Name/Print David Majdali Registration Number 53,257

This collection of information is required by 37 CFR 1.97 and 1.98. 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
1.14. This collecticn is estimated to take 1 hour 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.

EFS Web 2.1.17
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the applicaticn or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act

(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
hegotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4, A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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Doc code: IDS PTO/SB/08a (01-10)
Lo . . . Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required to respend to a collection of information unless it contains a valid OMB control number.

Application Number 12303947
Filing Date 2010-07-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |Yeong Hyeon Kwon
Art Unit | 2478
Examiner Name | KHAJURIA, SHRIPAL K

Attorney Docket Number | 2101-3596

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)_(:?\mlner Cite Patent Number Kind Issue Date Na”."e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code’ of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
N Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Avplicant of cited where Relevant T5
Initial* No | Number3 Code? j Code4| Date PR Passages or Relevant
Document .
Figures Appear
1 | 2000102067 JP 2000-04-07 | MU SIBISHIELECTRIC ]
2 2001268051 JP 2001-09-28 NTT DOCOMCO INC ]
3 2003179576 JP 2003-06-27 SONY CORP ]

EFS Web 2.1.17
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 12303947

Filing Date 2010-07-07

First Named Inventor |Ye0ng Hyeon Kwon

Art Unit | 2478

Examiner Name | KHAJURIA, SHRIPAL K
Attorney Docket Number |2101-3596

4 2005/055527 WO 2005-06-16 QUALCOMM INC |:|
If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove

Examiner| Cite
Initials* | No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue humber(s}, TS
publisher, city and/or country where published.

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add

EXAMINER SIGNATURE

Examiner Signature

Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if]
English language translation is attached.

EFS Web 2.1.17
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Application Number 12303947
Filing Date 2010-07-07

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |Ye0ng Hyeon Kwon

Art Unit | 2478

Examiner Name | KHAJURIA, SHRIPAL K
Attorney Docket Number | 2101-3596

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}(2).

[] See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature [David Majdali/ Date (YYYY-MM-DD) 2012-04-18

Name/Print David Majdali Registration Number 53,257

This collection of information is required by 37 CFR 1.97 and 1.98. 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
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTQ. 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.

EFS Web 2.1.17
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermation Act

(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.17
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Electronic Patent Application Fee Transmittal

Application Number:

12303947

Filing Date:

07-Jul-2010

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Filer:

David Gerard Majdali/Neeti Rajput

Attorney Docket Number:

2101-3596

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Suz-;'s(tsa)l in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sut—;l's(tsa)l in
Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
Total in USD ($) 180
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Electronic Acknowledgement Receipt

EFS ID: 12576106
Application Number: 12303947
International Application Number:
Confirmation Number: 1730

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Customer Number:

35884

Filer:

David Gerard Majdali/Neeti Rajput

Filer Authorized By:

David Gerard Majdali

Attorney Docket Number: 2101-3596
Receipt Date: 18-APR-2012
Filing Date: 07-JUL-2010
Time Stamp: 21:20:17

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $180

RAM confirmation Number 9583

Deposit Account 502290

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
Inf tion Discl Stat t (IDS) 612340
nrormation Liscliosure s>tatemen
1 Form (SB08) 2101-3596_41812_IDSform.pdf] no 4
b9528aelec3c82a35848e04e21816f51ce2
d3311
Warnings:
Information:

A U.S. Patent Number Citation or a U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. If you chose not to include U.S. References, the image of the form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent

Documents or Non Patent Literature will be manually reviewed and keyed into USPTO systems.

Foreign Reference

JP2000-102067 .pdf

773765

209f729cdc8011ef4636f7b902cc103d300d|

no

Warnings:

Information:

Foreign Reference

JP2001-268051.pdf

1963524

d2b0ef62f7e495eba21ddb750195bd45d <9
4bccd

no

24

Warnings:

Information:

Foreign Reference

JP2003-179576.pdf

1870793

51772502832¢3b251b1d808d950b011d69)|
aceaab

no

20

Warnings:

Information:

Foreign Reference

W02005-055527 .pdf

6926599

9052ceb9b6ce3d8a50d2838b330cf12daaf |
bc7a3

no

56

Warnings:

Information:

Fee Worksheet (SB06)

30788

fee-info.pdf

31749793a85a3e27a2195ab87425522573
dadad

no

Warnings:

Information:

Total Files Size (in bytes):l

12177809

ZTE 1002-0038



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
35884 7590 03/06/2012

LEE, HONG, DEGERMAN, KANG & WAIMEY
660 S. FIGUEROA STREET

Suite 2300 I ART UNIT
LOS ANGELES, CA 90017 s

KHAJURIA, SHRIPAL K

PAPER NUMBER |

DATE MAILED: 03/06/2012

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

12/303,947 07/07/2010 Yeong Hyeon Kwon
TITLE OF INVENTION: METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

2101-3596 1730

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1740 $300 $0 $2040 06/06/2012
THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:
A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

II. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

35884 7590 03/06/2012
LEE, HONG, DEGERMAN, KANG & WAIMEY Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
660 S. FIGUEROA STREET States Postal Service with sufficient postage for first class mail in an envelope
Suite 2300 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

LOS ANGELES. CA 90017 transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/303,947 07/07/2010 Yeong Hyeon Kwon 2101-3596 1730
TITLE OF INVENTION: METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM
I APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 06/06/2012
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
KHAJURIA, SHRIPAL K 2478 370-328000
1. ChangGe ())f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CER 1.363). 1

(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

[ "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. 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 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submutting 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 toage Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, AIexand%'ia, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

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.

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
12/303,947 07/07/2010 Yeong Hyeon Kwon 2101-3596 1730
35884 7590 031062012 I DXAMINER |
LEE, HONG, DEGERMAN, KANG & WAIMEY KHAJURIA, SHRIPAL K
660 S. FIGUEROA STREET
Suite 2300 I ART UNIT PAPERNUMBER |
LOS ANGELES, CA 90017 2478

DATE MAILED: 03/06/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 5 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 5 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3of 3
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. . 12/303,947 KWON ET AL.
NOtlce Of AIIOWabIIIty Examiner Art Unit
SHRIPAL KHAJURIA 2478

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the amendment filed on 12/16/11.

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 31-46 (Renumbered 1-16).

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X Al b)[J Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [] Cetrtified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheei(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date 10/31/11; 12/20/11; 12/21/11
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [J Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ Other .

1S. K./ NP/
Examiner, Art Unit 2478 Supervisory Patent Examiner, Art Unit 2478
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120224
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Index of Claims 12303947 KWON ET AL.
Examiner Art Unit
SHRIPAL KHAJURIA 2478
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted I | Interference o) Objected
[ Claims renumbered in the same order as presented by applicant O cpa O T7.D. O R.1.47
CLAIM DATE
Final Original  [09/07/2011 [02/24/2012
1 31 v =
2 32 v =
3 33 v =
4 34 v =
5 35 v -
6 36 v =
7 37 v =
8 38 v =
9 39 v -
10 40 v =
11 41 v =
12 42 v =
13 43 v =
14 44 v =
15 -
16 -

U.S. Patent and Trademark Office

Part of Paper No. : 20120224

ZTE 1002-0045



Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ,.555947 KWON ET AL
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Customer No. 035884 Attorney Docket No. 2101-3596
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Yeong Hyecon KWON et al. Art Unit: 2478
Serial No.:  12/303,947 Examiner: Khajuria, Shripal K.
Filed: July 7,2010 Conf. No. 1730

For: METHOD OF TRANSMITTING DATA IN A
MOBILE COMMUNICATION SYSTEM

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:
In response to the Office Action dated September 16, 2011, for which the Examiner set a

three-month period for response, Applicant provides the following.
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AMENDMENT TO THE SPECIFICATION

Please insert the following paragraph on page 1 of the Specification, after the title of the
invention and before the section titled TECHNICAL FIELD, with the following heading and
paragraph:

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is the National Stage filing under 35 U.S.C. § 371 of International
Application No. PCT/KR07/02784, filed on January 8, 2007, which claims the benefit and right
of priority to Korean Application Nos. 10-2006-0052167, filed on June 9, 2006 and 10-2006-
0057488, filed on June 26, 2006.
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AMENDMENTS TO THE CLAIMS

Please amend the claims as follows:

1-30. (Canceled)

31. (Currently Amended) A method of transmitting a preamble sequence in a mobile

communication system, the method comprising:

repeating a specific sequence, having a length (L), N times to generate a consecutive

sequence having a length (N*L);

generating said preamble sequence by concatenating a single cyclic prefix (CP) to a front

end of said consecutive sequence; and

transmitting, on a random access channel, said preamble sequence to a receiving side-en-a

random-access—channel.

32. (Currently Amended) The method of claim 31, further comprising generating said
specific sequence from a Constant Amplitude Zero Auto Correlation (CAZAC){Censtant

AmphitudeZero-Auto-Correlation) sequence.

33. (Currently Amended) The method of claim 32, further comprising applying a cyclic
shift to said specific sequence generated from said CAZAC sequence.

34. (Currently Amended) The method of claim 33, wherein a value of said applied cyclic
shift is determined as an integer ¥alae-multiple of a predetermined circular shift unit.

35. (Previously Presented) The method of claim 33, wherein a value of said applied

cyclic shift is used as additional information.

36. (Previously Presented) The method of claim 33, wherein applying said cyclic shift

comprises multiplying said specific sequence by an exponential sequence.

3 Attorney Docket No. 2101-3596
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37. (Currently Amended) The method of claim 31, further comprising generating said

specific sequence by combining at least two code sequences mapped with at least one

information bit;respeetively.

38. (Currently Amended) A transmitter for transmitting a preamble sequence in a mobile
communication system, the transmitter comprising;:

a preamble generation unit configured to generate said preamble sequence by repeating a

specific sequence, having a length (L), N times to generate a consecutive sequence having a

length (N*L) and concatenating a single cyclic prefix (CP) to a front end of said consecutive

sequence,

meansfor-transmittinga transmission unit configured to transmit, on a random access

channel, said preamble sequence to a receiving side-en-arandonaceess-channel.

39. (Currently Amended) The transmitter of claim 38, wherein satd-meansforgenerating
said-preamble-are-said preamble generation unit is further configured to generate said specific
sequence from a Constant Amplitude Zero Auto Correlation (CAZAC)HCeonstant-Amplitude

Zero-Auto-Correlation) sequence.

40. (Currently Amended) The transmitter of claim 39, wherein said preamble generation

unit said-means-forgenerating-said-preamble-are-is further configured to apply a cyclic shift to
said specific sequence generated from said CAZAC sequence.

41. (Currently Amended) The transmitter of claim 40, wherein a value of said applied

cyclic shift is determined as an integer valae-multiple of a predetermined circular shift unit.

42. (Currently Amended) The transmitter of-elaim39 claim 40, wherein a value of said

applied cyclic shift is used as additional information.
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43. (Currently Amended) The transmitter of-elaim39 claim 40, wherein said preamble
generation unit meansforgenerating-said-preamble-are-is further configured to apply a-eyelie

said cyclic shift by multiplying said specific sequence by an exponential sequence.

44. (Currently Amended) The transmitter of claim 38, wherein said_preamble generation

unitmeansforgenerating said-preamble-are is further configured to generate said specific

sequence by combining at least two code sequences mapped with at least one information bit;

respeetively.

45. (New) The method of claim 31, wherein:
said consecutive sequence comprises at least a first sequence, a second sequence, and an
N-th sequence; and

said CP is identical to a rear part of said N-th sequence.
46. (New) The transmitter of claim 38, wherein:
said consecutive sequence comprises at least a first sequence, a second sequence, and an

N-th sequence; and

said CP is identical to a rear part of said N-th sequence.
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REMARKS

Claims 31-46 are pending in the application. Claims 31-34 and 37-44 are currently
amended. Claims 45 and 46 are newly submitted. No new matter has been added as the
amendments and newly submitted claims have support in the specification as originally filed. It
is submitted that the application, as amended, is in condition for allowance. Reconsideration is

respectfully requested.

Applicant notes with appreciation the Examiner’s acknowledgement of Applicant’s claim
for foreign priority under 35 USC 119(a)-(d) and that all certified copies of the priority

documents have been received.

Claims 31-44 are rejected under 35 U.S.C. 102(b) as being anticipated by Jung et al. (US
2006/0153282). Applicant respectfully traverses these rejections, and requests reconsideration

and allowance of the pending claims in view of the following arguments.

As amended, independent claim 31 recites repeating a specific sequence, having a length
(L), N times to generate a consecutive sequence having a length (N*L) and generating said
preamble sequence by concatenating a single cyclic prefix (CP) to a front end of said consecutive

sequence.

Page 2 of the Office Action states that paragraphs 0064 and 0068 of Jung disclose
generating said preamble sequence by repeating a specific sequence at least one time and
concatenating a cyclic prefix (CP) to a front end of said repeated sequence. Applicant provides

the following remarks.

A review of cited paragraph 0064 of Jung reveals that Jung arguably discloses repeatedly
transmitting a second preamble sequence. Furthermore, cited paragraph 0064 of Jung discloses
that a combination of second preamble sequences is transmitted through, for example, odd and
even frames. Accordingly, Jung discloses that the second preamble sequence is repeated through
separate frames, such as, odd and even frames (Jung, paragraph 0064). Applicant submits that
repeating a preamble via separate frames, each of which including an individual cyclic prefix
and first preamble sequences, is patentably distinguishable from repeating a specific sequence,

having a length (L), N times to generate a consecutive sequence having a length (N*L), as

6 Attorney Docket No. 2101-3596
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recited in independent claim 31. More specifically, since the second preamble sequence of Jung
is repeated in different frames, the second preamble sequence of Jung is not a consecutive
sequence as required by independent claim 31. Therefore, since Jung fails to disclose generating
a consecutive sequence by repeating a specific sequence, Jung cannot teach or suggest “repeating
a specific sequence, having a length (L), N times to generate a consecutive sequence having a

length (N*L),” as recited in independent claim 31.

Furthermore, cited paragraph 0068 of Jung discloses that “the guard interval signal is
inserted using a cyclic prefix scheme in which the last predetermined samples of a time domain
OFDM symbol are copied and inserted into an effective OFDM symbol or a cyclic postfix
scheme in which the first predetermined samples of a time domain OFDM symbol are copied

and inserted into an effective OFDM symbol.”

A review of cited paragraph 0068 of Jung reveals that an OFDM symbol or a cyclic
postfix scheme are copied and inserted into an effective OFDM symbol. Similar to the arguments
presented above with regard to cited paragraph 0064 of Jung, Applicant submits that although
paragraph 0068 of Jung arguably discloses copying and inserting OFDM symbols into an
effective OFDM symbol, paragraph 068 of Jung fails to disclose generating a consecutive

sequence by repeating a specific sequence, as required by independent claim 31.

Furthermore, Applicant has reviewed Jung and has found no discussion with regard to
“generating said preamble sequence by concatenating a single cyclic prefix to a front end of said
consecutive sequence,” as recited in independent claim 31. Rather, a review of FIG. 2 of Jung
reveals that a preamble sequence of Jung may include more than one cyclic prefix. Therefore,
Applicant submits that Jung cannot teach or suggest generating said preamble sequence by
concatenating a single cyclic prefix (CP) to a front end of said consecutive sequence, as recited

in independent claim 31.

To assist the Examiner in understanding the Applicant’s position with regard to Jung,
Applicant provides below relevant portions of FIG. 2 of Jung, which has been annotated in

accordance with Applicant’s position.
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As illustrated in annotated FIG. 2 of Jung, the preamble sequences do not form a
consecutive sequence, rather, the preamble sequences are repeated in different frames. For
example, the preamble sequence #2 is split between two frames, and therefore, since the
preamble sequence #2 is split between two frames, the preamble sequence #2 is not a
consecutive sequence. Accordingly, as previously discussed, Jung cannot teach or suggest
“repeating a specific sequence, having a length (L), N times to generate a consecutive sequence

having a length (N*L),” as recited in independent claim 31.

Furthermore, as illustrated in annotated FIG. 2, each of the frames, even and odd, has its
own CP. Therefore, since each frame has its own CP, the preamble sequences of Jung are not
concatenated with a single CP to a front end of the consecutive sequence, as required in
independent claim 31. In other words, cach preamble sequence of Jung has its own CP, as
opposed to a single CP concatenated to a front end of the consecutive sequence to generate a
preamble symbol. Therefore, as previously discussed, since Jung does not disclose concatenating
a single CP to a front end of the consecutive sequence to generate a preamble symbol, Jung
cannot teach or suggest “generating said preamble sequence by concatenating a single cyclic

prefix (CP) to a front end of said consecutive sequence,” as recited in independent claim 31.

Furthermore, FIG. 2 of Jung arguably illustrates a consecutive “preamble sequence #1.”
However, Applicant submits that the consecutive “preamble sequence #1,” as illustrated in FIG.

2 of Jung is entirely different from the “consecutive sequence” required in independent claim 31.
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Specifically, paragraph 0041 of Jung discloses that “the preamble sequence transmitted through
the first transmit antenna is referred to as the first preamble sequence (Preamble Sequence #1).”
Additionally, paragraphs 0046-0051 of Jung disclose that the first preamble sequence is divided
into subsequences and the generated subsequences are transmitted through the first antenna.
Accordingly, Applicant submits that in view of paragraphs 0041 and 0046-0051 of Jung, the
“preamble sequence #1”” of FIG. 2 of Jung is a consecutive sequence of subsequences of the first
preamble sequence. In other words, Jung does not repeat the first preamble sequence in order to
create a consecutive sequence, and therefore, the consecutive “preamble sequence #1” illustrated
in FIG. 2 of Jung, is patentably distinguishable from the “consecutive sequence” of independent
claim 31. Thus, notwithstanding the arguments presented above, Applicant submits that Jung
cannot teach or suggest “repeating a specific sequence, having a length (L), N times to generate a

consecutive sequence having a length (N*L),” as recited in independent claim 31.

Applicant has demonstrated above that Jung fails to teach or suggest various elements
recited in independent claim 31, and therefore, independent claim 31 is allowable over the cited
reference. Additionally, independent claim 38 recites elements similar to those recited in
independent claim 31 and is allowable for reasons similar to those presented with regard to
independent claims 31. Finally, claims 32-37 and 39-44 arc allowable at least by virtue of their

dependence on an allowable base claim.

Finally, although not formally rejected, newly submitted claims 45 and 46 are allowable

at least by virtue of their dependence on an allowable base claim.
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CONCLUSION

In light of the above remarks, Applicant submits that the present Amendment places all
claims of the present application in condition for allowance. Reconsideration of the application is

requested.

If for any reason the Examiner finds the application other than in condition for allowance,
the Examiner is requested to call the undersigned attorney at the Los Angeles, California,
telephone number (213) 623-2221 to discuss the steps necessary for placing the application in
condition for allowance. Please charge any additional fees and credit any overpayment to

Deposit Account No. 502290.

Respectfully submitted,
Lee, Hong, Degerman, Kang & Waimey

Date: December 16, 2011 By: __ /Puya Partow-Navid/
Puya Partow-Navid
Registration No. 59,657

Customer No. 035884 Attorney for Applicant(s)
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)K Responsive to communication(s) filed on 21 January 2009.
2a)[ ] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Disposition of Claims

5)X Claim(s) 31-44 is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ___is/are allowed.
7)X Claim(s) 31-44 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) ____are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 08 December 2008 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)X] Al b)[] Some * ¢)[] None of:
1.[X] Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [ Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _____
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 7/17/09. 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-11) Office Action Summary Part of Paper No./Mail Date 20110906
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DETAILED ACTION

Claim Rejections - 35 USC § 102
1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
351(a) shall have the effects for purposes of this subsection of an application filed in the United States
only if the international application designated the United States and was published under Article 21(2)
of such treaty in the English language.

2. Claims 31-44 are rejected under 35 U.S.C. 102(b) as being anticiapted by Jung

et al US (20060153282).
a. Regarding claim 1, Jung et al teaches a method of transmitting a
preamble sequence in a mobile communication system (see paragraph [0003],
the preamble is transmitted), the method comprising: generating said preamble
sequence by repeating a specific sequence at least one time and concatenating
a cyclic prefix (CP) to a front end of said repeated sequence (see paragraphs
[0064] and [0068], the first or last part of the OFDM symbol is copied and
repeatedly placed), said CP being identical to a part of a rear end of said specific
sequence (see paragraph [0068], the OFDM symbol is copied); and transmitting
said preamble sequence to a receiving side on a random access channel (see

paragraph [0069], the preamble is transmitted in every frame).
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b. Regarding claim 32, Jung et al teaches further comprising generating said
specific sequence from a CAZAC (Constant Amplitude Zero Auto Correlation)
sequence (see paragraph [0045]).

C. Regarding claim 33, Jung et al teaches further comprising applying a
cyclic shift to said specific sequence generated from said CAZAC (see paragraph
[0048]).

d. Regarding claim 34, Jung et al teaches wherein a value of said applied
cyclic shift is determined as an integer value of a predetermined circular shift unit
(see paragraph [0048]).

e. Regarding claim 35, Jung et al teaches wherein a value of said applied
cyclic shift is used as additional information (see paragraph [0068]).

f. Regarding claim 36, Jung et al teaches wherein applying said cyclic shift
comprises multiplying said specific sequence by an exponential sequence (see
paragraph [0048] and equation 1).

g. Regarding claim 37, Jung et al teaches further comprising generating said
specific sequence by combining at least two code sequences mapped with at
least one information bit, respectively (see paragraph [0043]).

h. Regarding claim 38, Jung et al teaches a transmitter for transmitting a
preamble sequence in a mobile communication system (see paragraph [0025], a
method of transmitting a preamble from a transmitter is disclosed), the
transmitter comprising: means for generating said preamble sequence by

repeating a specific sequence at least one time and concatenating a cyclic prefix
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(CP) to a front end of said repeated sequence (see paragraphs [0064] and
[0068], the first or last part of the OFDM symbol is copied and repeatedly
placed), said cyclic prefix being identical to a rear end of said specific sequence
(see paragraph [0068], the OFDM symbol is copied); and means for transmitting
said preamble sequence to a receiving side on a random access channel (see
paragraph [0069], the preamble is transmitted in every frame).

i. Regarding claim 39, Jung et al teaches wherein said means for generating
said preamble are configured to generate said specific sequence from a CAZAC
(Constant Amplitude Zero Auto Correlation) sequence (see paragraph [0045]).

J- Regarding claim 40, Jung et al teaches wherein said means for generating
said preamble are configured to apply a cyclic shift to said specific sequence
generated from said CAZAC (see paragraph [0048]).

K. Regarding claim 41, Jung et al teaches wherein a value of said applied
cyclic shift is determined as an integer value of a predetermined circular shift unit
(see paragraph [0048]).

l. Regarding claim 42, Jung et al teaches wherein a value of said applied
cyclic shift is used as additional information (see paragraph [0068]).

m. Regarding claim 43, Jung et al teaches wherein said means for generating
said preamble are configured to apply a cyclic shift by multiplying said specific
sequence by an exponential sequence(see paragraph [0048] and equation 1).

n. Regarding claim 44, Jung et al teaches wherein said means for generating

said preamble are configured to generate said specific sequence by combining at
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least two code sequences mapped with at least one information bit, respectively

(see paragraph [0043]).

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to SHRIPAL KHAJURIA whose telephone number is
(571)270-5662. The examiner can normally be reached on Monday - Friday, 10:00AM-
6:30PM EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey Pwu can be reached on (571)272-6798. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.
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/S. K./
Examiner, Art Unit 2478

IJeffrey Pwu/
Supervisory Patent Examiner, Art Unit 2478
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LOS ANGELES, CA 90017
CONFIRMATION NO. 1730

371 ACCEPTANCE LETTER

A

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

07/07/2010 07/07/2010
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(©)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

+ Copy of the International Application filed on 12/08/2008

« Copy of the International Search Report filed on 12/08/2008
+ Preliminary Amendments filed on 01/21/2009

« Information Disclosure Statements filed on 07/17/2009

+ Oath or Declaration filed on 07/07/2010

+ U.S. Basic National Fees filed on 12/08/2008

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

NINA D BUTLER

Telephone: (703) 756-1446
page 1 of 1

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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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 FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY DOCKET.NO ITOT CLAIMSI IND CLAIMSl
12/303,947  07/0722010 1632 1110 2101-3596 14 2
CONFIRMATION NO. 1730
35884 FILING RECEIPT
LEE, HONG, DEGERMAN, KANG & WAIMEY
660 S. FIGUEROA STREET T AU
Suite 2300 000000043016020

LOS ANGELES, CA 90017
Date Mailed: 08/16/2010

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
submit a written request for a Filing Receipt Correction. 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)

Yeong Hyeon Kwon, Gyeonggi-do, KOREA, REPUBLIC OF;

Seung Hee Han, Gyeonggi-do, KOREA, REPUBLIC OF;

Hyun Hwa Park, Gyeonggi-do, KOREA, REPUBLIC OF;

Dong Cheol Kim, Gyeonggi-do, KOREA, REPUBLIC OF;

Hyun Woo Lee, Gyeonggi-do, KOREA, REPUBLIC OF;

Min Seok Noh, Gyeonggi-do, KOREA, REPUBLIC OF;
Power of Attorney: The patent practitioners associated with Customer Number 35884

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/KR07/02784 06/08/2007

Foreign Applications
REPUBLIC OF KOREA 10-2006-0052167 06/09/2006
REPUBLIC OF KOREA 10-2006-0057488 06/26/2006

If Required, Foreign Filing License Granted: 08/11/2010

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/303,947

Projected Publication Date: 11/25/2010
Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM
Preliminary Class

435

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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PATENT DOCKET NO. 2101-3596
CUSTOMER NO. 035884

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: | Art Unit: -
Kwon et al.
Serial No: 12/303,947 Examiner: -
Filed: December 8, 2008
For: METHOD OF TRANSMITTING DATAINA Confirmation No. 1730

MOBILE COMMUNICATION SYSTEM

TRANSMITTAL OF MISSING PARTS

Mail Stop Missing Parts
Commissioner for Patents
P. O. Box 1450

Alexandria, VA 22313-1450

. Dear Sir:
In response to the “Notification of Missing Requirements under 35 U.S.C. 371" dated May 7,
2010 for the above-identified application, enclosed herewith is:

1. A signed Declaration and Power of Attorney.

Furthermore, please note that a copy of “Sequence Listing” in compliance to 37 CFR 1.821-
1.825 requirements is not applicable to this application since this application does not include any
nucleotide/amino acid sequence. Therefore, applicant is not submitting a copy of the “Sequence

Listing” in computer readable form for the application.

X To the extent necessary, a petition for an extension of time under 37 CF.R. 1.136 is
hereby made. Please charge any additional fees due or credit any overpayment in connection with the

filing of this concurrent and future replies, including extension of time fees, to Deposit Account 502290.

Respectfully submitted,

LEE, HONG, DEGﬁRMAN, KANG & WAIMEY

Date: July 7, 2010 By:/Harry S. Lee/ H
Harry S. Lee
Customer No. 035884 Registration No. 56,814
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PATENT (U.S.A)

ATTORNEY'S DOCKET NO. 2101-3596

DECLARATION
and POWER OF ATTORNEY

ORIGINAL
[J CONTINUATION-IN-PART
] DIVISIONAL

As a below named inventor, | declare that the information given herein is true, that | believe that | am the original, first and
sole inventor (if only one name is listed as 1 below) or an original, first and joint inventor (if plural names are listed below)
of the subject matter which is claimed and for which a patent is sought on the invention entitled:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

the specification of which is attached hereto unless the following box is checked:

X was filed on _December 8, 2008 as United States Application Number 12/303,947.

My residence, post office address and citizenship are as stated below next to my name. | acknowledge my duty to
disclose information, which is material to the patentability of this application in accordance with Title 37, Code of Federal
Regulations § 1.56. | hereby state that | have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above. | hereby claim foreign priority benefits under
Title 35, United States Code, § 119 OR 365(b) of any foreign application(s) for patent or inventor's certificate, or 365(a) of
any PCT international application which designated at least one country other than the United States of America, listed
below and have also idéntified below any foreign application for patent or inventor's certificate, or any PCT international

application having & filing date befere that of the a'ggljc"at‘tipp on which priority.is.claimed:

“'BRIOR FOREIGN APPLICATION(S)

DATE OF FILING PRIORITY CLAIMED UNDER
COUNTRY APPLICATION NUMBER Month Day Year 35U.8.C 119
PCT PCT/KR2007/002784 June 8, 2007 YES
Korea 10-2006-00521867 June 9, 2006 YES
Korea 10-2006-0057488 June 26, 2006 YES

| hereby claim the benefit under Title 35, United States Code, §119 of any United States application(s) listed below and,
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application
in the manner provided by the first paragraph of Title 35, United States Code § 112, | acknowledge the duty to disclose
material information as defined in Title 37, Code of Federal Regulations, § 1.56 which occurred between the filing date of
the prior application and the national or PCT international filing date of this application.

(Application Serial No.) (Filing Date) (Status)

POWER OF ATTORNEY: As a named Inventor, | hereby appoint the following attorney(s) and/or Agent(s) to prosecute
this application and transact all business in the Patent and Trademark Office connected therewith:

THE ATTORNEYS ASSOCIATED WITH CUSTOMER NO. 035884

173
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SEND
CORRESPONDENCE
TO:

Jonathan Y. Kang, Esq.

LEE, HONG, DEGERMAN, KANG & TELEPHONE NO.:

WAIMEY
At the address associated with
Customer No. 35884

FAX NO..

(213) 623-2221

(213) 623-2211/8601

Name of Inventor Residence: CITY STATE or COUNTRY
Yeong Hyeon KWON Gyeonggi-do Republic of Korea

' | Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of Inventor Residence: CITY STATE or COUNTRY
Seung Hee HAN Gyeonggi-do Republic of Korea

2 | Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of Inventor Residence: CITY STATE or COUNTRY
Hyun Hwa PARK Gyeonggi-do Republic of Korea

3 Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan- gu Anyang si, Gyeonggn—do 431-080 Republic of Korea
Republic of Korea .
Name of Inventor Residence: CITY STATE or COUNTRY
Dong Cheol KiM Gyeonggi-do Republic of Korea

4 | Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of Inventor Residence: CITY STATE or COUNTRY
Hyun Woo LEE Gyeonggi-do Republic of Korea

® | Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea
Name of Inventor Residence: CITY STATE or COUNTRY
Min Seok NOH Gyeonggi-do Republic of Korea

6 | Mailing Address CITIZENSHIP
LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080 Republic of Korea
Republic of Korea

| further declare that all statements made herein of my own knowledge are true and that all statements made on

213
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information and belief are believed to be true; and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of
the United States Code, and that such willful faise statements may jeopardize the validity of the application or any patent
issuing thereon.

SIGNATURE OF INVENTOR 1 SIGNATURE OF INVENTOR 25:.%\

DATE DATE

bl Faly "~ lo r
1
SIGNATURE OF INVENTOR 3 (J(\AW SIGNATURE OF INVENTOR 4

DATE (;;YH’\ ‘ S‘MH Solo | DATE j@\‘\'\\,‘;,&\* g0lv |

SIGNATURE OF INVENTOR 5 T SIGNATURE OF INVENTOR &
I

DATE " loate 6% JM(/ o [P

/7@{/1 ij v, rold

3/3
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PATENT (U.S.A)

ATTORNEY'S DOCKET NO. 2101-3596

DECLARATION
and POWER OF ATTORNEY

[X] ORIGINAL

[C] CONTINUATION-IN-PART

[ I DIVISIONAL
As a below named inventor, | declare that the information given herein is true, that | believe that | am the original, first and
sole inventor (if only one name is listed as 1 below) or an original, first and joint inventor (if plural names are listed below)
of the subject matter which is claimed and for which a patent is sought on the invention entitled:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM
the specification of which is attached hereto unless the following box is checked:;

was filed on _December 8, 2008 as United States Application Number 12/303,947.

My residence, post office address and citizenship are as stated below next to my name. | acknowledge my duty to
disclose information, which is material to the patentability of this application in accordance with Title 37, Code of Federal
Regulations § 1.56. | hereby state that | have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above. | hereby claim foreign priority benefits under
Title 35, United States Code, § 119 OR 365(b) of any foreign application(s) for patent or inventor's certificate, or 365(a) of
any PCT international application which designated at least one country other than the United States of America, listed
below and have also identified below any foreign application for patent or inventor's certificate, or any PCT international
application having a filing date before that of the application on which pricrity is claimed:

PRIOR FOREIGN APPLICATION(S)

DATE OF FILING PRIORITY CLAIMED UNDER
COUNTRY APPLICATION NUMBER Month Day Year 35U.8C 118
PCT PCT/KR2007/002784 June 8, 2007 YES
Korea 10-2006-0052167 June 9, 2006 YES
Korea 10-2006-0057488 June 26, 2006 YES

i hereby claim the benefit under Title 35, United States Code, §119 of any United States application(s) listed below and,
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application
in the manner provided by the first paragraph of Title 35, United States Code § 112, | acknowledge the duty to disclose
material information as defined in Title 37, Code of Federal Regulations, § 1.56 which occurred between the filing date of
the prior application and the national or PCT international filing date of this application.

(Application Serial No.} (Filing Date) (Status)

POWER OF ATTORNEY: As a named Inventor, | hereby appoint the following attorney(s) and/or Agent(s) to prosecute
this application and transact all business in the Patent and Trademark Office connected therewith:

THE ATTORNEYS ASSOCIATED WITH CUSTOMER NO. 035884

1/3

ZTE 1002-0115



SEND
CORRESPONDENCE
TO:

Jonathan Y. Kang, Esq.

LEE, HONG, DEGERMAN, KANG & TELEPHONE NO.:

WAIMEY
At the address associated with
Customer No. 35884

FAX NO.:

(213) 623-2221

(213) 623-2211/8601

Name of Inventor

Residence: CITY

STATE or COUNTRY

Yeong Hyeon KWON

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Seung Hee HAN

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Hyun Hwa PARK

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence; CITY

STATE or COUNTRY

Dong Cheol KiM

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Hyun Woo LEE

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

Name of Inventor

Residence: CITY

STATE or COUNTRY

Min Seock NOH

Gyeonggi-do

Republic of Korea

Mailing Address

CITIZENSHIP

LG Institute, Hogye 1-dong, Dongan-gu, Anyang-si, Gyeonggi-do, 431-080

Republic of Korea

Republic of Korea

2/3
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| further declare that all statements made herein of my own knowledge are true and that all statements made on
information and belief are believed to be true; and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of
the United States Code, and that such willful false statements may jeopardize the validity of the application or any patent

issuing thereon.

SIGNATURE OF INVENTOR 1 7 SIGNATURE OF INVENTOR 2

ﬁ; » ?':ME;;

£ ‘f?’/’
DATE Set0. | #° DATE
SIGNATURE OF INVENTOR 3 SIGNATURE OF INVENTOR 4
DATE DATE
SIGNATURE OF INVENTOR 5 SIGNATURE OF INVENTOR 8
DATE DATE

3/3
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Electronic Patent Application Fee Transmittal

Application Number:

12303947

Filing Date:

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Filer:

Harry Sung Lee/Maggie Wen

Attorney Docket Number:

2101-3596

Filed as Large Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Suz-;'s(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Oath/decl > 30 months from priority date 1617 1 130 130

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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o . Sub-Total in
Description Fee Code Quantity Amount UsD($)
Miscellaneous:
Total in USD ($) 130
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Electronic Acknowledgement Receipt

EFS ID: 7971170
Application Number: 12303947
International Application Number:
Confirmation Number: 1730

Title of Invention:

METHOD OF TRANSMITTING DATA IN A MOBILE COMMUNICATION SYSTEM

First Named Inventor/Applicant Name:

Yeong Hyeon Kwon

Customer Number:

35884

Filer:

Harry Sung Lee/Maggie Wen

Filer Authorized By:

Harry Sung Lee

Attorney Docket Number: 2101-3596
Receipt Date: 07-JUL-2010
Filing Date:
Time Stamp: 19:13:20

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $130

RAM confirmation Number 5097

Deposit Account 502290

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
686024
1 2101-3596_MP.pdf yes 7
9a52fcf4a8c6577794c1dd0f689¢756 1edee
b81c
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Response to Pre-Exam Formalities Notice 1 1
Oath or Declaration filed 2 7

Warnings:

Information:

30340
2 Fee Worksheet (PTO-875) fee-info.pdf no 2
ead1a82488c9d77bfaaa64407721bd6f18cH
32ba

Warnings:

Information:

Total Files Size (in bytes):i 716364

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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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’

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. |
12/303,947 Yeong Hyeon Kwon 2101-3596

35884 [ INTERNATIONAL APPLICATION NO. |

LEE, HONG, DEGERMAN, KANG & WAIMEY PCT/KR07/02784

660 S. FIGUEROA STREET LA. FILING DATE PRIORITY DATE

Suite 2300 06/08/2007 06/09/2006

LOS ANGELES, CA 90017
CONFIRMATION NO. 1730

371 FORMALITIES LETTER

R

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371
IN THE UNITED STATES DESIGNATED/ELECTED OFFICE (DO/EO/US)

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as an Elected Office (37 CFR 1.495):

* Priority Document

+ Copy of the International Application filed on 12/08/2008

+ Copy of the International Search Report filed on 12/08/2008
+ Preliminary Amendments filed on 01/21/2009

« Information Disclosure Statements filed on 07/17/2009

+ U.S. Basic National Fees filed on 12/08/2008

The applicant needs to satisfy supplemental fees problems indicated below.

The following items MUST be furnished within the period set forth below in order to complete the requirements for
acceptance under 35 U.S.C. 371:

+ Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application by
the International application number and international filing date.

« To avoid abandonment, a surcharge (for late submission of filing fee, search fee, examination fee or oath or
declaration) as set forth in 37 CFR 1.492(h) of $130 for a non-small entity, must be submitted with the missing
items identified in this letter.

SUMMARY OF FEES DUE:

Total additional fees required for this application is $130 for a Large Entity:

« $130 Surcharge.

+ This application clearly fails to comply with the requirements of 37 CFR. 1.821-1.825. Applicant's attention is
directed to the final rulemaking notice published at 55 FR 18230 (May 1, 1990), and 1114 OG 29 (May 15,
1990). If the effective filing date is on or after July 1, 1998, see the final rulemaking notice published at 63 FR
29620 (June 1, 1998) and 1211 OG 82 (June 23, 1998). If the effective filing date is on or after September
8, 2000, see the final rulemaking notice published in the Federal Register at 65 FR 54604 (September 8,
2000) and 1238 OG 145 (September 19, 2000). Applicant must provide an initial computer readable form
(CRF) copy of the "Sequence Listing", an initial paper or compact disc copy of the "Sequence Listing", as
well as an amendment specifically directing its entry into the application. Applicant must also provide a
statement that the content of the sequence listing information recorded in computer readable form is identical
to the written (on paper or compact disc) sequence listing and, where applicable, includes no new matter,
as required by 37 CFR 1.821(e), 1.821(f), 1.821(g), 1.825(b), or 1.825(d). If applicant desires the sequence
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listing in the instant application to be identical with that of another application on file in the U.S. Patent and
Trademark Office, such request in accordance with 37 CFR 1.821(e) may be submitted in lieu of a new CRF.
* A copy of the "Sequence Listing" in computer readable form has not been submitted as required by 37
CFR 1.821(e). If the effective filing date is on or after September 8, 2000, see the final rulemaking notice
published in the Federal Register at 65 FR 54604 (September 8, 2000) and 1238 OG 145 (September 19,
2000). Applicant must provide an initial computer readable form (CRF) copy of the "Sequence Listing" and a
statement that the content of the sequence listing information recorded in computer readable form is identical
to the written (on paper or compact disc) sequence listing and, where applicable, includes no new matter,
as required by 37 CFR 1.821(e), 1.821(f), 1.821(g), 1.825(b), or 1.825(d). If applicant desires the sequence
listing in the instant application to be identical with that of another application on file in the U.S. Patent and
Trademark Office, such request in accordance with 37 CFR 1.821(e) may be submitted in lieu of a new CRF.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

For questions regarding compliance to 37 CFR 1.821-1.825 requirements, please contact:
« For Rules Interpretation, call (571) 272-0951
« For Patentin Software Program Help, call Patent EBC at 1-866-217-9197 or directly at 703-305-3028 /
703-308-6845 between the hours of 6 a.m. and 12 midnight, Monday through Friday, EST.
« Send e-mail correspondence for Patentin Software Program Help @ ebc@uspto.gov

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a).

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

NADINE V CLARK

Telephone: (703) 756-1411
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requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).
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his/her designee, during an inspection of records coenducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
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purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of the
application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be
disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an application
which became abandoned or in which the proceedings were terminated and which application is referenced by either a
published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.
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Attorney Docket No. 2101-3596

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Art Unit: 1632

Yeong Hyeon KWON et al.
Examiner: Not yet assigned
Serial No.: 12/303,947
Filed: December 8, 2008 Confirmation No. 1730
For: METHOD OF TRANSMITTING DATA IN A
MOBILE COMMUNICATION SYSTEM

PRELIMINARY AMENDMENT
Mail Stop

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Prior to initial examination on the merits, please amend the above-identified
application as follows below. If you have any questions, please direct further

correspondence to Customer Number 035884 and the undersigned attorney.
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AMENDMENTS TO THE CLAIMS:

Please cancel claims 1-30 without prejudice and add new claims 31-44 as follows:
1-30. Canceled.

31.  (New) A method of transmitting a preamble sequence in a mobile
communication system, the method comprising:

generating said preamble sequence by repeating a specific sequence at least
one time and concatenating a cyclic prefix (CP) to a front end of said repeated
sequence, said CP being identical to a part of a rear end of said specific sequence; and

transmitting said preamble sequence to a receiving side on a random access

channel.

32. (New) The method of claim 31, further comprising generating said specific

sequence from a CAZAC (Constant Amplitude Zero Auto Correlation) sequence.

33.  (New) The method of claim 32, further comprising applying a cyclic shift

to said specific sequence generated from said CAZAC.

34. (New) The method of claim 33, wherein a value of said applied cyclic shift

is determined as an integer value of a predetermined circular shift unit.

35. (New) The method of claim 33, wherein a value of said applied cyclic shift

is used as additional information.

36. (New) The method of claim 33, wherein applying said cyclic shift

comprises multiplying said specific sequence by an exponential sequence.

Attorney Docket No. 2101-3596
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37. (New) The method of claim 31, further comprising generating said specific
sequence by combining at least two code sequences mapped with at least one

information bit, respectively.

38. (New) A transmitter for transmitting a preamble sequence in a mobile
communication system, the transmitter comprising:

means for generating said preamble sequence by repeating a specific sequence
at least one time and concatenating a cyclic prefix (CP) to a front end of said repeated
sequence, said cyclic prefix being identical to a rear end of said specific sequence; and

means for transmitting said preamble sequence to a receiving side on a random

access channel.

39. (New) The transmitter of claim 38, wherein said means for generating
said preamble are configured to generate said specific sequence from a CAZAC

(Constant Amplitude Zero Auto Correlation) sequence.

40. (New) The transmitter of claim 39, wherein said means for generating
said preamble are configured to apply a cyclic shift to said specific sequence generated
from said CAZAC.

41.  (New) The transmitter of claim 40, wherein a value of said applied cyclic

shift is determined as an integer value of a predetermined circular shift unit.

42. (New) The transmitter of claim 39, wherein a value of said applied cyclic

shift is used as additional information.

43. (New) The transmitter of claim 39, wherein said means for generating
said preamble are configured to apply a cyclic shift by multiplying said specific

sequence by an exponential sequence.

Attorney Docket No. 2101-3596
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44. (New) The transmitter of claim 38, wherein said means for generating
said preamble are configured to generate said specific sequence by combining at least

two code sequences mapped with at least one information bit, respectively.

Attorney Docket No. 2101-3596
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REMARKS

With this paper, claims 1-30 have been canceled without prejudice and new
claims 31-44 have been added. Applicant submits that support for the new claims is
found in the specification as originally filed and that no new matter has been added.

Applicant respectfully requests a prompt examination and allowance by the
Examiner. If the Examiner has any questions regarding the subject matter submitted
herein, please contact the undersigned attorney at the phone number listed below.

Applicant requests that all deficits and credits in regards to this filing be
referenced to Deposit Account No. 502290 order 2101-3596.

Respecitfully submitted,

/"’\.
LEE, HON DE§3ERMAN KANG & WAIMEY
77

L
Date: January 21, 2009 By: /Rlchard C. Salfelcfér/
; Richard C. Salfelder
Registration No. 51,127
Customer No. 035884 Attorney for Applicant
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1
METHOD OF TRANSMITTING DATA

IN A MOBILE COMMUNICAITON SYSTEM

[DESCRIPTION]
TECHNICAL FIELD

The present invention relates to a mobile communication system, and more
particularly, to a method of expanding a code sequence, a structure of a random access

channel and a method of transmitting data in a mobile communication system.

BACKGROUND ART

A user equipment uses a random access channel (RACH) to access a network in a
state that the user equipment is not uplink synchronized with a base station. A signal having
repetitive characteristic in a time domain is used in the random access channel, so that a
receiver easily searches a start position of a transmission signal. In general, the repetitive
characteristic is realized by repetitive transmission of a preamble.

A representative example of a sequence for realizing the preamble includes a
CAZAC (Constant Amplitude Zero Auto Correlation) sequence. The CAZAC sequence is
expressed by a Dirac-Delta function in case of auto-correlation and has a constant value in
case of cross-correlation. In this respect, it has been estimated that the CAZAC sequence has
excellent transmission characteristics. However, the CAZAC sequence has limitation in that
maxinmum N-1 number of sequences can be used for a sequence having a length of N. For this
reason, a method for increasing available bits of the sequence while maintaining the excellent
transmission characteristics is required.

Meanwhile, there are provided various methods for transmitting data from a random

access channel by using the CAZAC sequence. Of them, the first method is to directly
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interpret CAZAC sequence ID to message information. Assuming that data to be transmitted
is a preamble, if a sufficient number of sequences that can be used as the preamble are
provided, message passing can be performed with only CAZAC sequence ID without
additional manipulation. However, since a method of transmitting additional information
should be considered in an actual synchronized RACH, problems occur in that there is
difficulty in realizing a sufficient number of CAZAC sequence sets, and the cost required for
search of a receiver increases.

The second method is to simultaneously transmit CAZAC sequence and Walsh
sequence by using a code division multiplexing (CDM) mode. In this case, CAZAC sequence
ID is used as user equipment identification information, and the Walsh sequence transmitted
in the CDM mode is interpreted as message information. FIG. 1 is a block schematic view
illustrating a transmitter for realizing the second method. However, the second method has
limitation in that even though the Walsh sequence is added to the CAZAC sequence, bits of
message that can additionally be obtained are only log;N bits when the Walsh sequence has a
length of N.

The third method is to transmit CAZAC sequence and Walsh sequence in such a way
to mix the Walsh sequence with the CAZAC sequence. In this case, CAZAC sequence 1D is
used as user equipment identification information, and the Walsh sequence is interpreted as
message information. FIG. 2 is a block diagram illustrating a data processing procedure at a
transmitter for realizing the third method. However, according to the third method, since the
Walsh sequence acts as noise in detection of the CAZAC sequence to cause difficulty in
detecting sequence ID, there is limitation in that repetitive sequences should be transmitted to
prevent the Walsh sequence from acting as noise in detection of the CAZAC sequence.

The fourth method is to either give orthogonality between blocks constituting a

corresponding sequence by multiplying an exponential term by a CAZAC sequence or
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directly apply data modulation such as DPSK, DQPSK, D8PSK, etc. In this case, CAZAC
sequence ID is used as user equipment identification information, and the modulated
sequence is demodulated and then used as message information. FIG 3A illustrates data
modulation according to the former method of the fourth method, and FIG. 3B illustrates data
modulation according to the latter method of the fourth.

Furthermore, the fifth method is to transmit CAZAC sequence by attaching a
message part to the CAZAC sequence. FIG. 4A illustrates the case where a message (coded
bit) is attached to the CAZAC sequence used as a preamble, and FIG. 4B illustrates the case
where a message (coded bit) is attached to a sequence consisting of a predetermined number
of blocks to which orthogonality is given.

However, the fourth method and the fiftih method have a problem in that they are

susceptible to change of channel condition.

DISCLOSURE OF THE INVENTION

Accordingly, the present invention has been suggested to substantially obviate one or
more problems due to limitations and disadvantages of the related art, and an object of the
present invention is to provide a method of transmitting and receiving message between a
user equipment and a base station by using a long sequence to maximize time/frequency
diversity and alleviating performance attenuation due to channel.

Another object of the present invention is to provide a method of transmitting data
through a code sequence in a mobile communication system, in which the quantity of data
can be increased and the transmitted data becomes robust to noise or channel change.

Still another object of the present invention is to provide a method of suggesting a
structure of an efficient random access channel in a multi-carrier system.

Further still another object of the present invention is to provide a method of
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minimizing access time of a user equipment to a random access channel in a mobile
communication system.

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a data transmission method through
a random access channel in a mobile communication system comprises generating a new
code by multiplying a code sequence by an exponential sequence, and transmitting the new
code sequence to a receiving side.

In another aspect of tl}e present invention, a data transmission method by using a
code sequence in a mobile communication system comprises conjugating at least one element
included in at least one block of a code sequence divided by at least two blocks to indicate
predetermined information, and transmitting the code sequence, in which the at least one
block is conjugated, to a receiving side.

In still another aspect of the present invention, a data transmission method by using
a code sequence in a mobile communication system generating a second code sequence
indicating predetermined information by combining at least two first code sequences mapped
with at least one information bit, respectively, and transmitting the second code sequence to a
receiving side.

In further still another aspect of the present invention, a code sequence transmission
method in a mobile communication system comprises generating a combination code
sequence by combining a base code sequence to at least one code sequence obtained by
circular shift of the base code sequence, and transmitting the combination code sequence to a
receiving side.

In further still another aspect of the present invention, a code sequence transmission
method in a mobile communication system generating a repetitive code sequence by

repeatedly concatenating a first code sequence at least one or more times, generating a cyclic
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prefix (CP) by copying a certain part of a rear end of the repetitive code sequence and
concatenating the copied part to a front end of the repetitive code sequence, and transmitting
the repetitive code sequence, in which the CP is generated, to a receiving side.

In further still another aspect of the present invention, a method of allocating a
random access channel (RACH) in a multi-carrier system comprises allocating a random
access channel to each of at least two consecutive frames in a way that frequency bands of
the random access channels allocated to the at least two consecutive frames are not
overlapped with each other, and transmitting allocation information of the random access
channels allocated to the at least two consecutive frames to at least one user equipment.

In further still another aspect of the present invention, a data transmission method
through a code sequence in a mobile communication system mapping each of a plurality of
blocks having at least one bit of a input data stream, respectively to a corresponding signature
sequence, multiplying a signature sequence stream, to which the plurality of blocks are
mapped, by a specific code sequence, and transmitting the signature sequence stream

multiplied by the specific code sequence to a receiving side.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a data transmission method through a random access
channel in an OFDMA system according to the related art;

FIG. 2 illustrates another example of a data transmission method through a random
access channel in an OFDMA system according to the related art;

FIG. 3A and FIG. 3B illustrate still another example of a data transmission method
through a random access channel in an OFDMA system according to the related art;

FIG. 4A and FIG. 4B illustrate further still another example of a data transmission

method through a random access channel in an OFDMA system according to the related art;
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FIG. 5 illustrates an example of a structure of a random access channel used in an
OFDMA system;

FIG. 6A and FIG. 6B illustrate examples of sending an RACH signal in a time
domain or a frequency domain based on a structure of a random access channel of FIG. 5;

FIG. 7 illustrates another example of a structure of a random access channel used in
an OFDMA system;

FIG 8A and FIG. 8B illustrate still another example of a structure of a random access
channel used in an OFDMA system;

FIG 9 illustrates a structure of a random access channel according to one
embodiment of the present invention;

FIG. 10 illustrates a structure of a random access channel of a sub-frame to which
RACH pilot is allocated;

FIG. 11 illustrates a repetitive structure of a preamble according to one embodiment
of the present invention;

FIG. 12 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through conjugation;

FIG. 13 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through conjugation in accordance with one
embodiment of the present invention;

FIG. 14 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through grouping;

FIG. 15 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping;

FIG. 16 is a structural view of unit data to illustrate one embodiment of the present

invention, which transmits data by using a code sequence expanded through grouping and
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delay processing;

FIG 17 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping and delay processing;

FIG. 18 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through PPM
modulation;

FIG. 19 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through PPM modulation;

FIG. 20A and FIG. 20B are ﬂov;/ charts illustrating a procedure of performing
synchronization in a random access channel in accordance with a data transmission method
of the present invention;

FIG. 21 illustrates a method of transmitting data to a receiver through a signaling
channel in accordance with one embodiment of the present invention; and

FIG. 22 illustrates an example of a receiver and a transmitter for transmitting a
preamble and data through RACH, SCH or other channel in accordance with one

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, structures, operations, and other features of the present invention will be
understood readily by the preferred embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

A random access channel (RACH) is used to allow a user equipment to access a
network in a state that the user equipment is not uplink synchronized with a base station. A
random access mode can be classified into an initial ranging access mode and a periodic

ranging access mode depending on an access mode to network. According to the initial
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ranging access mode, the user equipment acquires downlink synchronization and first
accesses a base station. According to the periodic ranging access mode, the user equipment
connected with a network accesses the network if necessary. The initial ranging access mode
is used to allow the user equipment to synchronize with the network while accessing the
network and receive its required ID from the network. The periodic ranging access mode is
used to initiate a protocol to receive data from the base station or when a packet to be
transmitted exists.

In particular, the periodic ranging access mode can be classified into two types in the
3GPP LITE (long term evolution) system, i.e., a synchronized access mode and a non-
synchronized access mode. The synchronized access mode is used if an uplink signal is
within a synchronization limit when the user equipment accesses the RACH. The non-
synchronized access mode is used if the uplink signal is beyond the synchronization limit.
The non-synchronized access mode is used when the user first accesses the base station or
synchronization update is not performed after synchronization is performed. At this time, the
synchronized access mode is the same as the periodic ranging access mode, and is used when
the user equipment accesses the RACH for the purpose of notifying the base station of the
change status of the user equipment and requesting resource allocation.

On the other hand, the synchronized access mode alleviates limitation of a guard
time in the RACH by assuming that the user equipment does not depart from uplink
synchronization with the base station. For this reason, much more time-frequency resources
can be used. For example, a considerable amount of messages (more than 24 bits) may be
added to a preamble sequence for random access in the synchronized access mode so that
both the preamble sequence and the messages may be transmitted together.

A structure of the RACH, which performs a unique function of the RACH while

satisfying the aforementioned synchronized and non-synchronized access modes will now be
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described.

FIG. 5 is a diagram illustrating an example of a structure of a random access channel
(RACH) used in an OFDMA system. As shown in FIG. 5, it is noted that the RACH is
divided into N number of sub-frames on a time axis and M number of frequency bands on a
frequency axis depending on a radius of a cell. Frequency in generation of the RACH is
determined depending on QoS (Quality of Service) requirements in a medium access control
(MAC) layer. In general, the RACH is generated per certain period (several tens of milli-
seconds (ms) to several hundreds of ms). In this case, frequency diversity effect and time
diversity effect are provided in generating several RACHs and at the same time collision
between user equipments which access through the RACH is reduced. The length of the sub-
frame can be 0.5 ms, 1 ms, etc.

In the RACH structure as shown in FIG. 5, a random sub-frame will be referred to as
a time-frequency resource (TFR) which is a basic unit of data transmission. FIG 6A is a
diagram illustrating a type of sending a random access signal to the TFR in a time domain,
and FIG. 6B illustrates a type of sending a RACH signal in a frequency domain.

As shown in FIG. 6A, if a random access signal is generated in a time domain, the
original sub-frame structure is disregarded and the signal is aligned thfough only the TFR. By
contrast, as shown in FIG. 6B, in case of the synchronized random access mode, the sub-
frame structure is maintained in the frequency domain and at the same time a random access
signal to be transmitted to sub-carriers of each OFDM symbol is generated. Accordingly,
orthogonality can be maintained between respective blocks constituting TFR, and channel
estimation can easily be performed.

FIG. 7 is a diagram illustrating another example of a structure of RACH used in an
OFDMA system. As shown in FIG. 7, it is noted that a preamble ‘b’ and a pilot ‘a’ are

partially overlapped in a TDM/FDM mode and a TDM mode of RACH burst duration of an
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attached wideband pilot. It is also noted that a pilot ‘a’ and a pilot ‘b” are simultaneously
overlapped with a preamble ‘a’ and the preamble ‘b’ in the TDM/FDM mode and the TDM
mode of an embedded wideband pilot. In other words, it is designed that a preamble and a
pilot are together transmitted through the RACH, so that message decoding is easily
performed through channel estimation if message is added to the RACH. Alternatively, a
wideband pilot is used so that channel quality information (CQI) of a total of RACH bands
can be acquired in addition to a preamble band of the RACH.

FIG. 8A and FIG. 8B are diagrams illustrating another examples of a structure of the
RACH used in the OFDMA system,

As shown in FIG. 8A, a preamble is transmitted for a predetermined time period
through a frequency band, and a short block duration is provided at a certain period so that
a pilot for decoding a preamble is transmitted to a corresponding short block. At this time, the
pilot transmission is performed through a part of a total of frequency bands (transmission
through 25 sub-carriers corresponding to a middle band of a total of 75 sub-carriers), so that
the pilot can be transmitted to a specific user equipment under a multi-access environment.

Furthermore, as shown in FIG 8B, a message to be transmitted and a pilot for
decoding the message are multiplexed and continue to be transmitted through some frequency
bands (for example, 25 middle sub-carrier bands of a total of 75 sub-carrier bands) selected
from a total of frequency bands. Accordingly, respective user equipments which perform
multi-access can be identified by allocating some frequency bands at different frequencies.

FIG. 9 is a diagram illustrating a structure of RACH according to one embodiment of
the present invention.

Generally, frequency in generation of the RACH is determined depending on QoS
requirements in a MAC layer. The RACH is generated at a variable period (several ms to

several hundreds of ms) depending on requirements of a cell. The RACH can be generated in
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a time domain or a frequency domain as described above with reference to FIG. 6A and FIG.
6B. In the embodiment of FIG. 9, the structure of the RACH corresponds to the case where a
random access signal is generated in the frequency domain.

Referring to FIG. 9, in this embodiment, to overcome a drawback of a long interval
required for retry when the user equipment fails to access the RACH, a corresponding RACH
resource is dispersed in each frame within one period if frequency in generation of the RACH
and the quantity of overhead are determined. The number of frames included in one period
can freely be determined as occasion demands. At this time, it is preferable that the RACH is
divisionally arranged so as to be uniformly distributed for each frequency band with respect
to a plurality of frames constituting one period. However, position on the time axis may be
changed without change of position on the frequency axis and vice versa depending on
specific requirements (synchronized action or decrease of inter-cell interference) of a cell or
if a system band is small. Also, arrangement of any one of frequency and time may be
changed to obtain the minimum interval between the RACHs arranged in each frame.

In the embodiment of FIG. 9, the network should notify the user equipment of
position information of the allocated RACH resource. In other words, the network can notify
each user equipment of frequency and time information occupied by the RACH resource
allocated for each frame included in one period, and each user equipment can try random
access through the allocated RACH resource by using the position information from the
network. The position information of the RACH resource of each frame can be expressed by
sub-carrier offset, the number of sub-catriers, timing offset, and the number of symbols.
However, if the RACH information on each frame is expressed by the above four parameters,
it may be undesirable in that the quantity of the information can be increased. Accordingly, a
method of decreasing the quantity of the information for expressing the position information

of the RACH allocated on each frame is required. The position information of the RACH can
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be transmitted through a broadcast channel (BCH) or other downlink control channel.

As one method, a method using a hopping pattern may be considered. The hopping
pattern means a pattern consisting of information indicating frequency domains of the RACH
resource allocated to each frame within one period. In other words, in the embodiment of FIG.
9, since the RACH resource is divisionally arranged so as to be uniformly distributed for each
frequency band with respect to a plurality of frames constituting one period, an indicator
which indicates a frequency band that can be allocated to each frame as the RACH resource
is previously determined, and the frequency band of the RACH resource allocated to each
frame within one period can be notified through a pattern of the indicator which indicates a
corresponding frequency band.

For example, if four frames are used as one period in a system which uses a total of
bands of 10MHz, the position of the RACH includes sub-bands having an interval of 2.5MHz
as one RACH frequency band (band smaller than 1.25MHz or 2.5MHz). At this time, a total
of bands consist of four sub-bands, wherein the respective sub-bands are designated by
indicators, which indicate each sub-band, as 1, 2, 3 and 4 in due order from a higl{ frequency
band to a low frequency band. In this way, the frequency band position information of the
RACH resource allocated to all frames within one period can be expressed by patterns
configured by the above indicators, for example 2, 3, 1, 4. The hopping pattern may be
configured differently or equally depending on each frame. Time information of the RACH
resource allocated to each frame within one period can generally be expressed by timing
offset and the number of symbols. At this time, at least any one of the timing offset and the
number of symbols may be fixed to decrease the quantity of the information. For example, if
it is previously scheduled that the timing offset and the number of symbols for the RACH
resource of each frame are fixed, the network only needs to transmit the hopping pattern to

notify the user equipment of the position information of the RACH resource of all frames
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within one period.

If each sub-band is narrow or considering influence of interference between user
equipments, hopping patterns for all frames may be set equally. In this case, the network only
needs to notify the user equipment of a frame period.

Hereinafter, the procedure of transmitting uplink data from the user equipment to the
base station by using the structure of the RACH as shown in the embodiment of FIG. 9 will
be described. In this case, data transmission is performed through the RACH among reverse
common channels consisting of a plurality of frames.

First of all, the user equipment tries to access the dispersed RACH included in the
current frame to transfer its information to the base station. If the user equipment successfully
accesses the RACH, the user equipment transmits preamble data through the corresponding
RACH. However, if the user equipment fails to access the RACH, the user equipment tries to
access the RACH divisionally arranged in the frame of the next order. At this time, the RACH
included in the frame of the next order is preferably arranged in a frequency band different
from that of the RACH of the previous frame if the frequency band is not sufficiently wide or
there are no specific requirements (inter-cell interference or limitation in action range of user
equipment). Also, the above access procedure continues to be performed in the frame of the
next order until the user equipment successfully accesses the RACH.

Meanwhile, in case of the synchronized RACH, the sub-frame of each frame
preferably includes a short block to which a pilot for the user equipment which has accessed
the corresponding RACH is allocated. At least one RACH pilot and access pilot may be
allocated to the short block at a predetermined pattern. In other words, the user equipment
which has accessed the RACH should know channel information to receive a channel] from
the base station. The channel information may be set in RACH pilot within an uplink short

block. The base station allocates a proper channel to the user equipment through the
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corresponding RACH pilot. Meanwhile, if the user equipment which accesses the RACH
notifies the base station of information of channel quality as to whether the user equipment is
preferably allocated with which channel through the RACH pilot, a favorable channel can be
allocated to the user equipment during scheduling, whereby communication of good quality
can be maintained.

Accordingly, the RACH pilot that can be used for the user equipment which accesses
the RACH is separately allocated to the sub-frame which includes RACH. Thus, the user
equipment which accesses the RACH sends a preamble to the base station through the
corresponding RACH and also sends a pilot for transmission of channel quality information
to the designated RACH pilot. The RACH pilot is a sequence designated depending on a
preamble, and it is preferable that the user equipments, which use different preamble
sequences, use different RACH pilot sequences if possible or select RACH pilot of different
sub-carriers or partially overlapped sub-carriers.

FIG. 10 is a diagram illustrating a structure of a random access channel of a sub-
frame to which the RACH pilot is allocated. It is noted that each sub-frame includes at least
one short block to which at least one RACH pilot and access pilot are allocated at a
predetermined pattern. In this case, the RACH pilot exists in the frequency band of the
allocated RACH and other system bands. In this embodiment, it has been described that
two short blocks exist per one frame and the RACH pilot is transmitted to the short blocks.
However, the present invention is not limited to such embodiment, and various modifications
can be made within the apparent range by those skilled in the art.

As described above, it has been described that preamble, synchronization timing
information including pilot information, uplink resource allocation information and message
such as uplink data can be transmitted through the RACH of various structures. It will be

apparent that the data transmission method according to the embodiments of the present
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invention can be used in the RACH and other channels.

Meanwhile, the preamble and the message may separately be transmitted through the
RACH. Alternatively, the message may be transmitted by being implicitly included in the
preamble. One embodiment of the present invention relates to a method of transmitting a
preamble through the latter transmission manner. In one embodiment of the present invention,
a code sequence more expanded than that of the related art can be used for effective
transmission of the preamble. Hereinafter, a method of improving CAZAC sequence
according to one embodiment of the present invention for effective transmission of the
preamble will be described.

Since the receiver should search a start position of a transmission signal in the
random access channel, it is generally designed that a transmission signal has a specific
pattern in a time domain. To this end, the preamble is transmitted repeatedly or a certain
interval is maintained between sub-carriers in a frequency domain to obtain repetitive
characteristics in the time domain, thereby identifying time synchronization.

In the former case, the preamble represents a reference signal used for the purpose of
initial synchronization setting, cell detection, frequency offset, and channel estimation. In a
cellular mobile communication system, a sequence having good cross-correlation
characteristic is preferably used for repetitive transmission of the preamble. To this end,
binary hardamard code or poly-phase CAZAC sequence may be used. Particularly, the
CAZAC sequence has been estimated that it has excellent transmission characteristics as it is
expressed by a Dirac-Delta function in case of auto-correlation and has a constant value in
case of cross-correlation.

The CAZAC sequence can be classified into GCL sequence (Equation 1) and
Zadoff-Chu sequence (Equation 2) as follows.

[Equation 1]
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j +1
c(k.N A =exp(— JiMk(k+1) )
N 7 forodd N
. 2
c(k N, M= exp(- JaM ke )
N for even N
[Equation 2]
§ -+
c(k;N,]\/_/):eXp( JrMI(k+1) )
N for odd N
. 2
c(k;N,J\J)=eXp(ﬁ%k— )

for even N

In the above Equations, it is noted that if the CAZAC sequence has a length of N,
actually available sequences are limited to N-1 number of sequences. Accordingly, it is
necessary to increase the number of CAZAC sequences to efficiently use them in an actual
system.

For example, a method of expanding the number of available sequences by 1 is
suggested by providing an improved CAZAC sequence p(k) in such a way to multiply a
CAZAC sequence c(k) by a predetermined modulation sequence m(k). In other words,
assuming that Zadoff-Chu sequence is used as the CAZAC sequence, the CAZAC sequence
¢(k), the modulation sequence m(k) and the improved CAZAC sequence p(k) can be defined
by the following Equations 3, 4, and 5, respectively.

[Equation 3]

CAZAC sequence:

JiME(k+1) )

c(k;N,]\/I)=exp( i,
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[Equation 4]
Modulation sequence:

m(k) =exp( J ?\7;5 ;’c)

5 [Equation 5]

Improved CAZAC sequence (or improved preamble):

p(E)=c(kY*m(k)=exp ( ”—Tjﬂéi k(k+1)+ jig;a k)

The improved CAZAC sequence p(k) maintains auto-correlation and cross-

correlation characteristics of the CAZAC sequence. The following Equation 6 illustrates

10  auto-correlation characteristic of p(k), and it is noted from the E(juation 6 that the final result

is a Dirac-delta function. In particular, if the modulation sequence m(k) is a sequence having

a certain phase, it is characterized in that the modulation sequence m(k) always maintains the
auto-correlation characteristic.

[E(juation 6]

ad(d) = Seep( L (e + )k +d+1) + B (6 +a))
k

exp(— A%";g—k (k+1)— J%Qﬂ

X

—

‘-2717 ér y s Lk
= %jexp(JTﬂ (2dk +d(d+1)) + Ngd)

N _2 ‘,.. » > “.:qT | =
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Furthermore, the following Equation 7 illustrates cross-correlation characteristic of

p).

[Equation 7]

ce(d) = Sexp (MW—F#) e d o+ 1) + B () )

- v

ol G v Jqwd L«)
e.xp[ v Eik+1)— R

e«..p[ nz ¢ A+d‘ruf'+a+1ﬂ

ewp[—*%}ﬁr ff+d’l(k—l—r“f+l)+Mfk+ )J

it 2l
f“ap‘[ iﬁ—k (k+1)— ‘?N ff)
— T
= %:ﬁhp(w (k +d)ffﬁ+d+ijj

exp(L (2dk+d(d+1)) + Md)

4

= exp (—J*—‘{—a’ (d+1 })Eemp(% (k+d)k+d+1 3)
,‘ . ,

D A
exp LK)

5 In this case, although Equation 7 seems to be similar to Equation 6, it is noted that in

view of summation term, auto-correlation is expressed by sum of exponential but cross-

correlation is expressed by the product of two sequences. The first term is another CAZAC

sequence of which seed value is x, and the second term is a simple exponential function. The

sum of the product of two sequences is equal to obtaining a coefficient of the exponential

10  function, and its value is equal to a value obtained by converting the CAZAC sequence of
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which seed value is x into a frequency domain and extracting a value from the frequency
position of exponential.

Since the CAZAC sequence has auto-correlation of Dirac-delta characteristic, if it
undergoes Fourier transform, it maintains auto-correlation characteristic of Dirac-delta of a
constant amplitude even in the transformed area. For this reason, if values of specific
positions are extracted from the frequency domain, their sizes are 1 and equal to each other
but their phases are different from each other. Accordingly, if this result is added to the
Equation 7 to obtain cross-correlation, the obtained cross-correlation can briefly be expressed
by the following Equation 8.

[Equation 8]

/(,

celd) = e;zrp( j’}_\‘ﬂ}ﬁrd(«:ﬁ—l— 1) -l—*%;i(f)z;exp(%’% liffc—l—d}{k—l—d—l—l))

(M 26 Nt
f—;‘&}?( Ha@+1)+-E2 d)c:*(.dMgN,J,;

It is noted from the Equation 8 that since C(dM/N;x) always has a size of 1 and an
exponential term also has a size of 1, the cross-correlation is always fixed at 1.

After all, characteristics of the related art CAZAC sequence can be maintained by
the Equation 5 and at the same time the number of codes can be increased. This means that
the result in the area where the exponential terms are multiplied is equal to applying circular
shift to the Fourier transformed area, and multiplying exponential sequences in the time
domain is equal to performing circular shift in the frequency domain.

In other words, it is noted that if correlation between two sequences p(k;M,N,d1)

and p(k;M,N,d2) of which seed values are equal to each other is obtained, impulse occurs in a
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point where a delay value d in cross-correlation reaches d1-d2. Although design of the
mmproved sequence as above has the same result as that of circular shift of the CAZAC
sequence, this embodiment of the present invention is advantageous in that the result can be
obtained by a simple procedure such as multiplying two exponential sequences without
Fourier inverse transform after Fourier transform and circular shift.

Hereinafter, a method of improving data transmission reliability of a preamble by
performing predetermined data processing for the related art code sequence and a method of
expanding a length of a code sequence when data are simultaneously transmitted will be
described. If the CAZAC sequence is used as the code sequence, the CAZAC sequence
expanded by the above method is preferably used. However, the CAZAC sequence is not
necessarily limited to the CAZAC sequence expanded by the above method, and the related
art CAZAC sequence may be used.

First of all, a structure of transmission data, i.e., prearﬁble, which is commonly
applied to the embodiments of the present invention, will be described.

In a 3GPP LTE (Long Term Evolution) system, a transmitter can repeatedly transmit
the same sequence two times or more so as to allow a receiver to easily detect transmission
data or improve additional detection performance (i.e., increase of spreading gain).
Accordingly, since the receiver only needs to detect repetitive patterns regardless of the type
of the received sequence, it can simply identify time position of a user equipment which
accesses the RACH and improve detection performance.

FIG. 11 is a diagram illustrating a structure of a preamble according to one
embodiment of the present invention. In an orthogonal frequency divisional transmission
system, a cyclic prefix (CP) is used, in which the last part of OFDM symbol is copied and
then prefixed to the OFDM symbol to compensate a multi-path loss in signal transmission.

Accordingly, if the OFDM symbol consists of two repetitive preambles, a part of the
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preamble of the later order is copied in the first part by CP to enable compensation of the
multi-path loss for the corresponding preamble. Also, the CP is advantageous in that it is easy
to identify user equipments which access different RACHs in case of CAZAC having good
periodic correlation.

Since inter-symbol interference does not occur even though a single sequence is
transmitted by prefixing CP thereto instead of repetitive transmission of sequence, a
predetermined receiving algorithm can be realized in the frequency domain without any
problem. However, if the receiver realizes a receiving algorithm in the time domain with
neither repetitive transmission nor CP, the receiver should detect all kinds of code sequences
to identify user equipments which access the RACH. In this respect, the preamble is
preferably realized by a structure of a repetitive pattern. At this time, whether to realize a
repetition pattern can be determined depending on a data rate supported by the system or the
number of repetitive times can be determined if a repetitive pattern is realized. For example,
to support a minimum data rate supported by the system, RACH preamble can repeatedly be
transmitted one or more times depending on the length of the sequence.

First to fourth embodiments which will be described later relate to a data processing
method of a sequence constituting the structure of the preamble. In these embodiments, data
transmitted to the receiver could be the structure of the preamble of FIG. 11 or a partially
omitted structure (having neither repetitive transmission nor CP). Although it is assumed that
the CAZAC sequence is used as the code sequence for data transmission, the code sequence
is not necessarily limited to the CAZAC sequence. Every sequence having excellent
transmission characteristic, such as Hadarmad code and gold code, can be used as the code
sequence.

<First Embodiment>

To transmit data, a landmark that can be identified is generally required for a
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transmission signal constituting data. In this embodiment, conjugation is used as the
landmark. Since a phase variation width between a conjugated transmission signal and other
transmission signal is very great, interference between transmission signals decreases,
whereby reliability of data transmission can be improved in spite of influence of channel.

FIG. 12 illustrates a method of transmitting data through conjugation according to
one embodiment of the present invention. In the embodiment of FIG. 12, one CAZAC
sequence is divided into four blocks, and ‘0’ or *1° indicates whether to perform conjugate for
each block. For example, it may be promised that a block which is not conjugated is

3

expressed by ‘0’, and a block which is conjugated is expressed by °1.” In this way, one
CAZAC sequence can express information of 4 bits. In other words, if one CAZAC sequence
is divided into N number of blocks, information of N bits can be expressed.

At this time, in a single CAZAC sequence of a long length corresponding to a length
of transmission data, a part of the single CAZAC sequence, which corresponds to a specific
block having a value of 1, may be conjugated. Also, in a plurality of CAZAC sequences of a
short length corresponding to each block length of transmission data, a CAZAC sequence
corresponding to a specific block having a value of 1 may be conjugated.

FIG. 13 is a diagram illustrating an example of a method of receiving and decoding
the sequence transmitted through conjugation from the transmitter in accordance with one
embodiment of the present invention.

It is preferable that the transmitter always allocates a value of 0 to the first block of
the transmission data so that the first block is used as a reference later. Accordingly, the
receiver identifies sequence ID for the received first block (S1101), and then measures a peak
by using only the corresponding block (S1102). Next, the receiver identifies sequence IDs for

the first and second blocks (S1103), and then measures a peak by using the first and second

blocks together. At this time, since it is unclear whether the sequence of the second block is in
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the conjugated status, the receiver respectively measures a peak corresponding to the case
where the corresponding block is conjugated (S1104) and a peak corresponding to the case
where the corresponding block is not conjugated (S1105), and then sclects greater one of the
two peaks (S1106). Subsequently, the receiver identifies sequence IDs for the first to third
blocks (S1107), and then measures a peak by using the first to third blocks together. In this
case, since it is unclear whether the sequence of the third block is in the conjugated status, the
receiver respectively measures a peak corresponding to the case where the corresponding
block is conjugated (S1108) and a peak corresponding to the case where the corresponding
block is not conjugated (S1109), and then selects greater one of the two peaks (S1110). In this
way, decoding is performed for the first block to the last block so that the original data is
finally decoded.

<Second Embodiment>

FIG. 14 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embodiment of the present invention. Although data
transmission is performed by change of the sequence in the first embodiment, in this
embodiment, a type of a sequence for expressing one block is divided into a sequence (first
sequence) for a block value of ‘0’ and a sequence (second sequence) for a block value of °1,
and the first and second sequence are grouped. In this case, since the receiver detects only
sequence ID (ID of the first sequence or ID of the second sequence) for each block, the
receiver is less affected by noise or channel.

All sequences are expressed by one group "{co(k;Mi), ci(k;M;)}" by grouping two
sub-sequences (first sequence and second sequence) (i and j are integers different from each
other). In this case, co(k;My) is the first sequence for the block value of 0 (or bit value), and
c1(k;M;) is the second sequence for the block value of 1. At this time, a CAZAC sequence of

a long length corresponding to a length of transmission data may be used as each sub-
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sequence constituting each group. Altematively, a CAZAC sequence of a short length
corresponding to each block length of transmission data may be used as each sub-sequence
constituting each group.

Meanwhile, the receiver identifies sequence ID of each block, and identifies a type -
of the sequence (first sequence or second sequence) for each block from a sequence ID set
consisting of the identified sequence IDs. At this time, the type of the sequence for each block
can be expressed by group ID. In other words, in this embodiment, since it is assumed that
code values of each block can be expressed by 0 and 1, two types of the sequence for each
block or two types of group ID are obtained. The code values of each block can be restored
through group ID. This decoding procedure will be described in detail with reference to FIG.
15.

The receiver identifies sequence ID of each block constituting a corresponding
sequence if the sequence is received (S1501), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1502). In this case, two peaks having high
frequency in generation are selected (S1503) so that sequences which generate the
corresponding peaks are identified as the first sequence and the second sequence constituting
the group. At this time, if the first sequence and the second sequence are expressed by
predetermined group IDs, respectively, first group ID indicating a code value of 0 and second
group ID indicating a code value of 1 can be identified. After all, group ID of each block can
be identified through the step S1503 (S1504), and thus the code value of each block can be
identified (S1508).

If sequence IDs that can not identify group ID exist due to error occurring during the
decoding procedure, peaks are searched for a set of corresponding sequence IDs (S1505), and
among the peaks, two powerful peaks are detected (S1506) so that group IDs are again

identified from the detected powerful peaks (S1507). Subsequently, code values of the
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corresponding blocks can be identified from the identified group IDs (S1508).

<Third Embodiment>

FIG. 16 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embodiment of the present invention.

If the second embodiment is more expanded, a total number of data bits that can be
transmitted through one group can be iﬁcreased. For example, if two sequences are defined as
one group like the second embodiment, data of 1 bit per block can be transmitted. If four
sequences are defined as one group, data of 2 bits per block can be transmitted. If eight
sequences are defined as one group, data of 3 bits per block can be transmitted. However,
since a plurality of sequences are grouped and defined as one set, a problem occurs in that if
the length of each sequence is short, the number of groups that can be selected is decreased in
proportion to the short length of each sequence.

Accordingly, it is necessary to expand the length of the sequence to increase the
number of groups that can be selected. To this end, in this embodiment, the length of the
sequence for each block is expanded while fespective sequences are multi-overlapped as
shown in FIG. 16B and independence is maintained owing to transmission delay between the
overlapped sequences.

Referring to FIG. 16(a), a data value of 2 bits is given to each block. Accordingly, a
sequence group for each block consists of four different CAZAC sequences. Since each
CAZAC sequence constituting the sequence group should identify four values, a group size
should be increased correspondingly. However, in this case, a problem occurs in that the
number of groups that can be used by each base station is decreased. Accordingly, as shown
in FIG. 16, the length of each CAZAC sequence is expanded as much as need be while a
predetermined delay is given to each CAZAC sequence during data transmission, whereby

independence is maintained between the respective CAZAC sequences.
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Meanwhile, the receiver identifies ID of a corresponding block based on the order of
cach CAZAC sequence represented in the time/frequency domain, and its method of
decoding a code value from corresponding block ID is almost identical with that of the
second embodiment. Hereinafter, a data decoding procedure of the receiver will be described
in detail with reference to FIG. 17.

The receiver identifies sequence ID of each block comstituting a corresponding
sequence if the sequence is received (S1701), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1702). In this embodiment, since one block
expresses two bits, first, second, third and four sequences which express 00, 01, 10, 11 form
one group. Accordingly, the receiver should select 4 peaks having high frequency in
generation as a result of measurement (S1703). In this case, the selected peaks are
respectively mapped to the first, second, third and fourth sequences in accordance with the
order represented in the time/frequency domain. Also, if the first sequence to the fourth
sequence are expressed by predetermined group IDs, respectively, first group ID indicating a
code value of 00, second group ID indicating a code value of 01, third group ID indicating a
code value of 10, and fourth group ID indicating a code value of 11 can be identified. After
all, group ID of each block can be identified through the step S1703 (S1704), and thus the
code value of each block can be identified (S1708).

If sequence IDs that can not identify group ID exist due to error occurting during the
decoding procedure, peaks are again searched for a set of corresponding sequence IDs
(81705), and among the peaks, four powerful peaks are detected (S1706) so that group IDs
are again identified from the detected powerful peaks (S1707). Subsequently, code values of
the corresponding blocks can be identified from the identified group IDs (S1708).

<Fourth Embodiment>

FIG 18 is a diagram illustrating a method of transmitting data using a sequence

ZTE 1002-0170



10

15

20

25

WO 2007/142492 PCT/KR2007/002784

27

according to another preferred embodiment of the present invention.

In the case that the second embodiment and the third embodiment are more
expanded, the signal position is changed through pulse position modulation (PPM) so that the
length of the sequence can be expanded logically. The PPM originally transmits data with
relative pulse delay but PPM based on start position of the sequence is used in this
embodiment.

If bits of data to be transmitted are determined, the base station selects a sequence to
be used for transmission of corresponding data and determines a length of a block for
applying PPM to a corresponding sequence and a length of a duration constituting each block.
A sequence corresponding to each block is separately required when a preamble is generated.
However, in this embodiment, since circular shift equivalent to a specific duration within a
specific block constituting a corresponding sequence is applied for the same sequence, the
respective sequences are originally the same as one another but are identified from one
another by circular shift.

For example, assuming that one sequence length is divided into four blocks (block 1
to block 4) and each block is expressed by 2 bits, each block is again divided into four
durations (duration 1 to duration 4) to express values of *00, 01, 10, 11.” At this time, four
durations included in one block are used as start identification positions of circular shift for a
sequence corresponding to a corresponding block. If a preamble to be transmitted has a total
length of 256, block 1 can have a circular shift value of 0~63, block 2 64~127, block 3
128~195, and block 4 196~255. If a specific sequence to be used for transmission of the
preamble is determined and “00” is transmitted through block 1, sequence 1 undergoes
circular shift so that a start position is arranged in duration 1 (0~15) of block 1. If “10” is
transmitted to block 2, sequence 2 undergoes circular shift so that a start position is arranged

in duration 3 (96~111) of block 2. In this way, circular shift is applied for the other blocks
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and then the respective sequences (sequence 1 to sequence 4) are grouped into one to
generate one preamble. In this case, the number of blocks can be generated from 1 to every
random number. Also, a minimum unit of circular shift can be limited to more than a certain
value considering channel or timing error.

Meanwhile, the receiver identifies respective sub sequences (sequence 1 to sequence
4) constituting corresponding sequences by data processing the transmitted sequen(;es, and
searches a start position of each of the identified sequences to perform data decoding. This
will be described in detail with reference to FIG. 19.

If a sequence is received in the receiver (S1901), the receiver detects ID of the
corresponding sequence (S1903) and performs full correlation through predetermined data
processing for a total of received signals (received sequence) by using the detected result
(S1905). At this time, a full search algorithm or a differential search algorithm can be used
for detection of the sequence ID.

Since the received signal is transmitted from the transmitter by gathering a plurality
of sequences, the signal which has undergone the correlation includes a plurality of peaks. In
this embodiment, four peaks are detected, and the receiver determines whether each of the
detected peaks corresponds to which one of block 1 to block 4 and also corresponds to which
duration of a corresponding block (S1909) to decode bit order and bit value of the original
data (S1911).

The method of effectively transmitting the preamble sequence and message through
the RACH has been described as above. Finally, a procedure of transmitting a preamble from
a user equipment (UE) to a base station (Node-B) and performing synchronization between
both the user equipment and the base station will be described based on two embodiments.
FIG 20A and FIG. 20B illustrate the two embodiments.

In the embodiment of FIG. 20A, synchronization is performed in such a manner the
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user equipment accesses the base station only once. In other words, if the user equipment
transmits a preamble and a messing including information required for synchronization to the
base station (S2001), the base station transmits timing information to the user equipment
(S2003) and at the same time allocates a resource for transmission of uplink data (S2005).
The user equipment transmits the uplink data to the base station through the allocated
resource (S2007).

In the embodiment of FIG. 20B, for synchronization, the user equipment accesses
the base station twice. In other words, if the user equipment transmits a preamble to the base
station (S2011), the base station transmits timing information to the user equipment and at the
same time allocates a resource for a request of scheduling (S2013). The user equipment
transmits a message for a request of scheduling to the base station through the allocated
resource (S2015). Then, the base station allocates a resource for transmission of uplink data
to the user equipment (S2017). In this way, the user equipment transmits to the uplink data to
the base station through the secondly allocated resource (S2019).

FIG. 21 is a diagram illustrating a method of transmitting data to a receiver through a
signaling channel in accordance with one embodiment of the present invention.

Since the receiver should search a start position of a transmission signal in actually
realizing the random access channel, it is generally designed that the random access channel
has a specific pattern in the time domain. To this end, a preamble sequence may be used so
that the random access signal originally has a repetitive pattern. Alternatively, a certain
interval may be maintained between sub-carriers in the frequency domain to obtain repetitive
characteristics in the time domain. Accordingly, the access modes of FIG. 6A and FIG. 6B are
characterized in that the start position of the transmission signal should easily be searched in
the time domain. To this end, the CAZAC sequence is used. The CAZAC sequence can be

classified into GCL sequence (Equation 1) and Zadoff-Chu sequence (Equation 2).

ZTE 1002-0173



10

15

20

25

WO 2007/142492 PCT/KR2007/002784

30

Meanwhile, a specific sequence of a long length is preferably used to transmit
unique information of the user equipment or the base station through RACH (Random Access
Channel) or SCH (Synchronization Channel). This is because that the receiver easily detects
corresponding ID and more various kinds of sequences can be used to provide convenience
for system design.

However, if message is transmitted with corresponding ID at a sequence of a long
length, since the quantity of the message is increased by log, function, there is limitation in
message passing with ID only when the sequence exceeds a certain length. Accordingly, in
this embodiment, the sequence is divided by several short blocks, and a short signature
sequence corresponding to data to be transmitted to each block of the sequence is used
instead of specific manipulation such as conjugation or negation.

Referring to FIG. 21, the sequence is divided into a predetermined number of blocks,
and a short signature sequence corresponding to data to be transmitted is applied for each of
the divided blocks. A long CAZAC sequence is multiplied by combination of the blocks for
which the short signature sequence is applied, whereby a final data sequence to be
transmitted to the receiver is completed.

In this case, assuming that the short signature sequence consists of four signatures,
the following signature sets can be used. Also, if there is difference between respective data
constituting the signature sets, any other signature set may be used without specific limitation.

1) Modulation vatues: {1+j, 1-j, -1-j, -1+j}

2) Exponential sequence: {[exp(Gwon)], [exp(Gwin)], [exp(jwan)], [exp(jwzn)]},
where n=0...Ns, and Ns is a length of each block

3) Walsh Hadamard sequence: {[1111], [1-11-1], [11-1-1], [1-1-11]}, where, if the
length Ns of each block is longer than 4, each sequence is repeated to adjust the length.

Examples of the long CAZAC sequence that can be used in the embodiment of FIG.
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21 include, but not limited to, one GCL CAZAC sequence, Zadoff-Chu CAZAC sequence,
and a sequence generated by concatenation of two or more short GCL or Zadoff~Chu CAZAC
sequences having the same length or different lengths.

The aforementioned manner of applying a short signature sequence for data
transmission and reception to the long CAZAC sequence is advantageous in that it is less
affected by channel than the related art modulation method of transmission data and
performance is little decreased even though the number of bits constituting one signature is
increased.

FIG 22 illustrates an example of a receiver and a transmitter for transmitting a
preamble and data through RACH, SCH or other channel by using the aforementioned
manner.

Since the number of bits can be increased in accordance with increase of signatures,
channel coding can be applied for the transmitter. If channel coding is performed,
time/frequency diversity can be obtained through an interleaver. Also, bit to signature
mapping can be performed to minimize a bit error rate. In this case, Gray mapping can be
used. The sequence which has undergone this procedure is mixed with CAZAC and then
transmitted.

The receiver detects CAZAC ID, and calculates a log-likelihood ratio (LLR) for
each of bits. Then, the receiver decodes transmission data through a channel decoder.
Considering complexity according to sequence search of the receiver configured as shown in
FIG. 22, the transmitter preferably uses an exponential sequence as a signature sequence. In
this case, the receiver can simply search CAZAC ID through phase difference Fourier
Transform. Afterwards, the receiver can again simply calculate LLR from the signature
through Fourier Transform. |

According to the present invention, the structure on the frequency axis/time axis of
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the RACH can be identified more definitely. Also, since the RACH resource is divisionally
distributed for each frame, even though the user equipment fails to access a specific RACH,
the user equipment can directly access RACH of the next frame, whereby access to the base
station is improved. Moreover, the user equipment can easily access the RACH even in case
of a traffic area of which QoS condition is strict.

Furthermore, according to the present invention, since information is transmitted and
received between the user equipment and the base station by using the code sequence,
time/frequency diversity can be maximized, and performance attenuation due to influence of
channel can be alleviated through the signature manner.

According to the present invention, since the total length of the corresponding
sequence can be used with maintaining the advantage of the code sequence according to the
related art, data transmission can be performed more efficiently. Also, since the code
sequence undergoes predetermined data processing, the quantity of information to be
transmitted can be increased and the transmitted data becomes robust to noise or channel.

It will be apparent to those skilled in the art that the present invention can be
embodied in other specific forms without departing from the spirit and essential
characteristics of the invention. Thus, the above embodiments are to be considered in all
respects as illustrative and not restrictive. The scope of the invention should be determined
by reasonable interpretation of the appended claims and all change which comes within the

equivalent scope of the invention are included in the scope of the invention.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a wireless communication system such as a

mobile communication system or a wireless Internet system.
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[CLAIMS]

1. A method of transmitting data on a random access channel in a mobile
communication system, the method comprising:

generating a new code by multiplying a code sequence by an exponential sequence;
and

transmitting the new code sequence to a receiving side.

2. The method of claim 1, wherein the code sequence is a CAZAC (constant

amplitude zero autocorrelation) sequence.

3. The method of claim 1 or 2, wherein the code sequence is transmitted as a

preamble.

4. A method of transmitting data by using a code sequence in a mobile
communication system, the method comprising;:

conjugating at least one element included in at least one block of a code sequence
divided by at least two blocks to indicate predetermined information; and

transmitting the code sequence, in which the at least one block is conjugated, to a

receiving side.

5. The method of claim 4, wherein the code sequence is a CAZAC sequence.

6. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:
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generating a second code sequence indicating predetermined information by
combining at least two first code sequences mapped with at least one information bit,
respectively; and

transmitting the second code sequence to a receiving side.

7. The method of claim 6, wherein the first code sequence is a CAZAC sequence.

8. The method of claim 6, wherein, if each of the first code sequences is mapped
with ‘n’ number of information bits, the at least two first code sequences are selected from a

sequence group consisting of 2" number of first code sequences.

9. The method of claim 6, wherein the combination of the at least two first code
sequences is performed by summing the at least two first code sequences after giving

predetermined delay to each of the at least two first code sequences.

10. A method of transmitting a code sequence in a mobile communication system,
the method comprising:

generating a combination code sequence by combining a base code sequence to at
least one code sequence obtained by circular shift of the base code sequence; and

transmitting the combination code sequence to a receiving side.

11. The method of claim 10, wherein each of the base code sequence and the at least
one code sequence identifies one or more information bit.
12. The method of claim 10, wherein the step of generating the combination code

sequence is performed in a frequency domain.
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13. The method of claim 10, wherein the step of generating the combination code

sequence is performed in a time domain.

14. The method of claim 10, wherein the combination code sequence is transmitted

through a random access channel (RACH).

15. The method of claim 10, wherein the at least one code sequence is obtained by

circular shift of the base code sequence as much as integer times of circular shift unit.

16. A method of transmitting a code sequence in a mobile communication system,
the method comprising:

generating a repetitive code sequence by repeatedly concatenating a first code
sequence at least one or more times;

generating a cyclic prefix (CP) by copying a certain part of a rear end of the
repetitive code sequence and concatenating the copied part to a front end of the repetitive
code sequence; and

transmitting the repetitive code sequence, in which the CP is generated, to a

receiving side.

17. The method of claim 16, wherein the repetitive code sequence is transmitted as a
preamble on a random access channel.

18. A method of allocating a random access channel in a multi-carrier system, the
method comprising:

allocating a random access channel to each of at least two consecutive frames in a
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way that frequency bands of the random access channels allocated to the at least two
consecutive frames are not overlapped with each other; and
transmitting allocation information of the random access channels allocated to the at

least two consecutive frames to at least one user equipment.

19. The method of claim 18, wherein the frequency bands of the random access
channels allocated to the at least two consecutive frames have a pattern which is periodically

repeated.

20. The method of claim 18, wherein the allocation information includes a hopping
pattern of the frequency bands of the random access channels allocated to the at least two

consecutive frames.

21. The method of claim 18, wherein the random access channels are uniformly

allocated to the at least two consecutive frames.

22. The method of claim 18, further comprising allocating a channel region for
transmission of a pilot signal at the user equipment to at least one sub-frame to which the

random access channel is allocated.

23. The method of claim 22, wherein the user equipment trying to random access

through the random access channel transmits a pilot signal through the channel region.

24. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:
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mapping each of a plurality of blocks having at least one bit of a input data stream,
respectively to a corresponding signature sequence;
multiplying a signature sequence stream, to which the plurality of blocks are mapped,

by a specific code sequence; and

transmitting the signature sequence stream multiplied by the specific code sequence

to a receiving side.

25. The method of claim 24, wherein the specific code sequence is a single CAZAC

sequence.

26. The method of claim 24, wherein the specific code sequence is a sequence

obtained by concatenating at least two different CAZAC sequences.

27. The method of claim 24, wherein the signature sequence is an exponential

sequence.
28. The method of claim 24, wherein the signature sequence is a Hadamard sequence.
29, The method of claim 24, further comprising repeating each signature sequence
so as to match a length of the signature sequence stream, to which the plurality of blocks are

mapped, with a length of the specific code sequence.

30. The method of claim 24, wherein the signature sequence mapping is Gray

mapping.
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1
METHOD OF TRANSMITTING DATA

IN A MOBILE COMMUNICAITON SYSTEM

[DESCRIPTION]
TECHNICAL FIELD

The present invention relates to a mobile communication system, and more
particularly, to a method of expanding a code sequence, a structure of a random access

channel and a method of transmitting data in a mobile communication system.

BACKGROUND ART

A user equipment uses a random access channel (RACH) to access a network in a
state that the user equipment is not uplink synchronized with a base station. A signal having
repetitive characteristic in a time domain is used in the random access channel, so that a
receiver easily searches a start position of a transmission signal. In general, the repetitive
characteristic is realized by repetitive transmission of a preamble.

A representative example of a sequence for realizing the preamble includes a
CAZAC (Constant Amplitude Zero Auto Correlation) sequence. The CAZAC sequence is
expressed by a Dirac-Delta function in case of auto-correlation and has a constant value in
case of cross-correlation. In this respect, it has been estimated that the CAZAC sequence has
excellent transmission characteristics. However, the CAZAC sequence has limitation in that
maximum N-1 number of sequences can be used for a sequence having a length of N. For this
reason, a method for increasing available bits of the sequence while maintaining the excellent
transmission characteristics is required.

Meanwhile, there are provided various methods for transmitting data from a random

access channel by using the CAZAC sequence. Of them, the first method is to directly
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interpret CAZAC sequence ID to message information. Assuming that data to be transmitted
is a preamble, if a sufficient number of sequences that can be used as the preamble are
provided, message passing can be performed with only CAZAC sequence ID without
additional manipulation. However, since a method of transmitting additional information
should be considered in an actual synchronized RACH, problems occur in that there is
difficulty in realizing a sufficient number of CAZAC sequence sets, and the cost required for
search of a receiver increases.

The second method is to simultaneously transmit CAZAC sequence and Walsh
sequence by using a code division multiplexing (CDM) mode. In this case, CAZAC sequence
ID is used as user equipment identification information, and the Walsh sequence transmitted
in the CDM mode is interpreted as message information. FIG. 1 is a block schematic view
illustrating a transmitter for realizing the second method. However, the second method has
limitation in that even though the Walsh sequence is added to the CAZAC sequence, bits of
message that can additionally be obtained are only log,N bits when the Walsh sequence has a
length of N.

The third method is to transmit CAZAC sequence and Walsh sequence in such a way
to mix the Walsh sequence with the CAZAC sequence. In this case, CAZAC sequence ID is
used as user equipment identification information, and the Walsh sequence is interpreted as
message information. FIG. 2 is a block diagram illustrating a data processing procedure at a
transmitter for realizing the third method. However, according to the third method, since the
Walsh sequence acts as noise in detection of the CAZAC sequence to cause difficulty in
detecting sequence ID, there is limitation in that repetitive sequences should be transmitted to
prevent the Walsh sequence from acting as noise in detection of the CAZAC sequence.

The fourth method is to either give orthogonality between blocks constituting a

corresponding sequence by multiplying an exponential term by a CAZAC sequence or
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directly apply data modulation such as DPSK, DQPSK, D8PSK, etc. In this case, CAZAC
sequence ID is used as user equipment identification information, and the modulated
sequence is demodulated and then used as message information. FIG. 3A illustrates data
modulation according to the former method of the fourth method, and FIG. 3B illustrates data
modulation according to the latter method of the fourth.

Furthermore, the fifth method is to transmit CAZAC sequence by attaching a
message part to the CAZAC sequence. FIG. 4A illustrates the case where a message (coded
bit) is attached to the CAZAC sequence used as a preamble, and FIG. 4B illustrates the case
where a message (coded bit) is attached to a sequence consisting of a predetermined number
of blocks to which orthogonality is given.

However, the fourth method and the fifth method have a problem in that they are

susceptible to change of channel condition.

DISCIL.OSURE OF THE INVENTION

Accordingly, the present invention has been suggested to substantially obviate one or
more problems due to limitations and disadvantages of the related art, and an object of the
present invention is to provide a method of transmitting and receiving message between a
user equipment and a base station by using a long sequence to maximize time/frequency
diversity and alleviating performance attenuation due to channel.

Another object of the present invention is to provide a method of transmitting data
through a code sequence in a mobile communication system, in which the quantity of data
can be increased and the transmitted data becomes robust to noise or channel change.

Still another object of the present invention is to provide a method of suggesting a
structure of an efficient random access channel in a multi-carrier system.

Further still another object of the present invention is to provide a method of
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minimizing access time of a user equipment to a random access channel in a mobile
communication system.

To achieve these objects and other advantages and in accordance with the purpose of
the invention, as embodied and broadly described herein, a data transmission method through
a random access channel in a mobile communication system comprises generating a new
code by multiplying a code sequence by an exponential sequence, and transmitting the new
code sequence to a receiving side.

In another aspect of the present invention, a data transmission method by using a
code sequence in a mobile communication system comprises conjugating at least one element
included in at least one block of a code sequence divided by at least two blocks to indicate
predetermined information, and transmitting the code sequence, in which the at least one
block is conjugated, to a receiving side.

In still another aspect of the present invention, a data transmission method by using
a code sequence in a mobile communication system generating a second code sequence
indicating predetermined information by combining at least two first code sequences mapped
with at least one information bit, respectively, and transmitting the second code sequence to a
receiving side.

Tn further still another aspect of the present invention, a code sequence transmission
method in a mobile communication system comprises generating a combination code
sequence by combining a base code sequence to at least one code sequence obtained by
circular shift of the base code sequence, and transmitting the combination code sequence to a
receiving side.

In further still another aspect of the present invention, a code sequence transmission
method in a mobile communication system generating a repetitive code sequence by

repeatedly concatenating a first code sequence at least one or more times, generating a cyclic
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prefix (CP) by copying a certain part of a rear end of the repetitive code sequence and
concatenating the copied part to a front end of the repetitive code sequence, and transmitting
the repetitive code sequence, in which the CP is generated, to a receiving side.

In further still another aspect of the present invention, a method of allocating a
random access channel (RACH) in a multi-carrier system comprises allocating a random
access channel to each of at least two consecutive frames in a way that frequency bands of
the random access channels allocated to the at least two consecutive frames are not
overlapped with each other, and transmitting allocation information of the random access
channels allocated to the at least two consecutive frames to at least one user equipment.

In further still another aspect of the present invention, a data transmission method
through a code sequence in a mobile communication system mapping each of a plurality of
blocks having at least one bit of a input data stream, respectively to a corresponding signature
sequence, multiplying a signature sequence stream, to which the plurality of blocks are
mapped, by a specific code sequence, and transmitting the signature sequence stream

multiplied by the specific code sequence to a receiving side.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of a data transmission method through a random access
channel in an OFDMA system according to the related art;

FIG. 2 illustrates another example of a data transmission method through a random
access channel in an OFDMA system according to the related art;

FIG. 3A and FIG. 3B illustrate still another example of a data transmission method
through a random access channel in an OFDMA system according to the related art;

FIG. 4A and FIG. 4B illustrate further still another example of a data transmission

method through a random access channel in an OFDMA system according to the related art;
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FIG. 5 illustrates an example of a structure of a random access channel used in an
OFDMA system,;

FIG. 6A and FIG. 6B illustrate examples of sending an RACH signal in a time
domain or a frequency domain based on a structure of a random access channel of FIG. 5;

FIG. 7 illustrates another example of a structure of a random access channel used in
an OFDMA system;

FIG. 8A and FIG. 8B illustrate still another example of a structure of a random access
channel used in an OFDMA system,;

FIG. 9 illustrates a structure of a random access channel according to one
embodiment of the present invention;

FIG. 10 illustrates a structure of a random access channel of a sub-frame to which
RACH pilot is allocated;

FIG. 11 illustrates a repetitive structure of a preamble according to one embodiment
of the present invention;

FIG. 12 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through conjugation;

FIG. 13 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through conjugation in accordance with one
embodiment of the present invention;

FIG. 14 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through grouping;

FIG. 15 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping;

FIG. 16 is a structural view of unit data to illustrate one embodiment of the present

invention, which transmits data by using a code sequence expanded through grouping and
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delay processing;

FIG. 17 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through grouping and delay processing;

FIG. 18 is a structural view of unit data to illustrate one embodiment of the present
invention, which transmits data by using a code sequence expanded through PPM
modulation;

FIG 19 is a flow chart illustrating a procedure of receiving and decoding data
transmitted in a code sequence expanded through PPM modulation;

FIG. 20A and FIG. 20B are ﬂov;/ charts illustrating a procedure of performing
synchronization in a random access channel in accordance with a data transmission method
of the present invention;

FIG 21 illustrates a method of transmitting data to a receiver through a signaling
channel in accordance with one embodiment of the present invention; and

FIG. 22 illustrates an example of a receiver and a transmitter for transmitting a
preamble and data through RACH, SCH or other channel in accordance with one

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, structures, operations, and other features of the present invention will be
understood readily by the preferred embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

A random access channel (RACH) is used to allow a user equipment to access a
network in a state that the user equipment is not uplink synchronized with a base station. A
random access mode can be classified into an initial ranging access mode and a periodic

ranging access mode depending on an access mode to network. According to the initial
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ranging access mode, the user equipment acquires downlink synchronization and first
accesses a base station. According to the periodic ranging access mode, the user equipment
connected with a network accesses the network if necessary. The initial ranging access mode
is used to allow the user equipment to synchronize with the network while accessing the
network and receive its required ID from the network. The periodic ranging access mode is
used to initiate a protocol to receive data from the base station or when a packet to be
transmitted exists.

In particular, the periodic ranging access mode can be classified into two types in the
3GPP LTE (long term evolution) system, i.e., a synchronized access mode and a non-
synchronized access mode. The synchronized access mode is used if an uplink signal is
within a synchronization limit when the user equipment accesses the RACH. The non-
synchronized access mode is used if the uplink signal is beyond the synchronization limit.
The non-synchronized access mode is used when the user first accesses the base station or
synchronization update is not performed after synchronization is performed. At this time, the
synchronized access mode is the same as the periodic ranging access mode, and is used when
the user equipment accesses the RACH for the purpose of notifying the base station of the
change status of the user equipment and requesting resource allocation.

On the other hand, the synchronized access mode alleviates limitation of a guard
time in the RACH by assuming that the user equipment does not depart from uplink
synchronization with the base station. For this reason, much more time-frequency resources
can be used. For example, a considerable amount of messages (more than 24 bits) may be
added to a preamble sequence for random access in the synchronized access mode so that
both the preamble sequence and the messages may be transmitted together.

A structure of the RACH, which performs a unique function of the RACH while

satisfying the aforementioned synchronized and non-synchronized access modes will now be
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described.

FIG. 5 is a diagram illustrating an example of a structure of a random access channel
(RACH) used in an OFDMA system. As shown in FIG. 5, it is noted that the RACH is
divided into N number of sub-frames on a time axis and M number of frequency bands on a
frequency axis depending on a radius of a cell. Frequency in generation of the RACH is
determined depending on QoS (Quality of Service) requirements in a medium access control
(MAC) layer. In general, the RACH is generated per certain period (several tens of milli-
seconds (ms) to several hundreds of ms). In this case, frequency diversity effect and time
diversity effect are provided in generating several RACHs and at the same time collision
between user equipments which access through the RACH is reduced. The length of the sub-
frame can be 0.5 ms, 1 ms, etc.

In the RACH structure as shown in FIG. 5, a random sub-frame will be referred to as
a time-frequency resource (TFR) which is a basic unit of data transmission. FIG. 6A is a
diagram illustrating a type of sending a random access signal to the TFR in a time domain,
and FIG. 6B illustrates a type of sending a RACH signal in a frequency domain.

As shown in FIG. 6A, if a random access signal is generated in a time domain, the
original sub-frame structure is disregarded and the signal is aligned thfough only the TFR. By
contrast, as shown in FIG. 6B, in case of the synchronized random access mode, the sub-
frame structure is maintained in the frequency domain and at the same time a random access
signal to be transmitted to sub-carriers of each OFDM symbol is generated. Accordingly,
orthogonality can be maintained between respective blocks constituting TFR, and channel
estimation can easily be performed.

FIG. 7 is a diagram illustrating another example of a structure of RACH used in an
OFDMA system. As shown in FIG. 7, it is noted that a preamble ‘b’ and a pilot ‘a’ are

partially overlapped in a TDM/FDM mode and a TDM mode of RACH burst duration of an
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attached wideband pilot. It is also noted that a pilot ‘a’ and a pilot ‘b’ are simultaneously
overlapped with a preamble ‘a’ and the preamble ‘b’ in the TDM/FDM mode and the TDM
mode of an embedded wideband pilot. In other words, it is designed that a preamble and a
pilot are together transmitted through the RACH, so that message decoding is easily
performed through channel estimation if message is added to the RACH. Alternatively, a
wideband pilot is used so that channel quality information (CQI) of a total of RACH bands
can be acquired in addition to a preamble band of the RACH.

FIG. 8A and FIG. 8B are diagrams illustrating another examples of a structure of the
RACH used in the OFDMA system,

As shown in FIG. 8A, a preamble is transmitted for a predetermined time period
through a frequency band, and a short block duration is provided at a certain period so that
a pilot for decoding a preamble is transmitted to a corresponding short block. At this time, the
pilot transmission is performed through a part of a total of frequency bands (transmission
through 25 sub-carriers corresponding to a middle band of a total of 75 sub-carriers), so that
the pilot can be transmitted to a specific user equipment under a multi-access environment.

Furthermore, as shown in FIG 8B, a message to be transmitted and a pilot for
decoding the message are multiplexed and continue to be transmitted through some frequency
bands (for example, 25 middle sub-carrier bands of a total of 75 sub-carrier bands) selected
from a total of frequency bands. Accordingly, respective user equipments which perform
multi-access can be identified by allocating some frequency bands at different frequencies.

FIG. 9 is a diagram illustrating a structure of RACH according to one embodiment of
the present invention.

Generally, frequency in generation of the RACH is determined depending on QoS
requirements in a MAC layer. The RACH is generated at a variable period (several ms to

several hundreds of ms) depending on requirements of a cell. The RACH can be generated in
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a time domain or a frequency domain as described above with reference to FIG. 6A and FIG.
6B. In the embodiment of FIG. 9, the structure of the RACH corresponds to the case where a
random access signal is generated in the frequency domain.

Referring to FIG. 9, in this embodiment, to overcome a drawback of a long interval
required for retry when the user equipment fails to access the RACH, a corresponding RACH
resource is dispersed in each frame within one period if frequency in generation of the RACH
and the quantity of overhead are determined. The number of frames included in one period
can freely be determined as occasion demands. At this time, it is preferable that the RACH is
divisionally arranged so as to be uniformly distributed for each frequency band with respect
to a plurality of frames constituting one period. However, position on the time axis may be
changed without change of position on the frequency axis and vice versa depending on
specific requirements (synchronized action or decrease of inter-cell interference) of a cell or
if a system band is small. Also, arrangement of any one of frequency and time may be
changed to obtain the minimum interval between the RACHs arranged in each frame.

In the embodiment of FIG. 9, the network should notify the user equipment of
position information of the allocated RACH resource. In other words, the network can notify
each user equipment of frequency and time information occupied by the RACH resource
allocated for each frame included in one period, and each user equipment can try random
access through the allocated RACH resource by using the position information from the
network. The position information of the RACH resource of each frame can be expressed by
sub-carrier offset, the number of sub-carriers, timing offset, and the number of symbols.
However, if the RACH information on each frame is expressed by the above four parameters,
it may be undesirable in that the quantity of the information can be increased. Accordingly, a
method of decreasing the quantity of the information for expressing the position information

of the RACH allocated on each frame is required. The position information of the RACH can
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be transmitted through a broadcast channel (BCH) or other downlink control channel.

As one method, a method using a hopping pattern may be considered. The hopping
pattern means a pattern consisting of information indicating frequency domains of the RACH
resource allocated to each frame within one period. In other words, in the embodiment of FIG.
9, since the RACH resource is divisionally arranged so as to be uniformly distributed for each
frequency band with respect to a plurality of frames constituting one period, an indicator
which indicates a frequency band that can be allocated to each frame as the RACH resource
is previously determined, and the frequency band of the RACH resource allocated to each
frame within one period can be notified through a pattern of the indicator which indicates a
corresponding frequency band.

For example, if four frames are used as one period in a system which uses a total of
bands of 10MHz, the position of the RACH includes sub-bands having an interval of 2.5MHz
as one RACH frequency band (band smaller than 1.25MHz or 2.5MHz). At this time, a total
of bands consist of four sub-bands, wherein the respective sub-bands are designated by
indicators, which indicate each sub-band, as 1, 2, 3 and 4 in due order from a higl{ frequency
band to a low frequency band. In this way, the frequency band position information of the
RACH resource allocated to all frames within one period can be expressed by patterns
configured by the above indicators, for example 2, 3, 1, 4. The hopping pattern may be
configured differently or equally depending on each frame. Time information of the RACH
resource allocated to each frame within one period can generally be expressed by timing
offset and the number of symbols. At this time, at least any one of the timing offset and the
number of symbols may be fixed to decrease the quantity of the information. For example, if
it is previously scheduled that the timing offset and the number of symbols for the RACH
resource of each frame are fixed, the network only needs to transmit the hopping pattern to

notify the user equipment of the position information of the RACH resource of all frames
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within one period.

If each sub-band is narrow or considering influence of interference between user
equipments, hopping patterns for all frames may be set equally. In this case, the network only
needs to notify the user equipment of a frame period.

Hereinafter, the procedure of transmitting uplink data from the user equipment to the
base station by using the structure of the RACH as shown in the embodiment of FIG. 9 will
be described. In this case, data transmission is performed through the RACH among reverse
common channels consisting of a plurality of frames.

First of all, the user equipment tries to access the dispersed RACH included in the
current frame to transfer its information to the base station. If the user equipment successfully
accesses the RACH, the user equipment transmits preamble data through the corresponding
RACH. However, if the user equipment fails to access the RACH, the user equipment tries to
access the RACH divisionally arranged in the frame of the next order. At this time, the RACH
included in the frame of the next order is preferably arranged in a frequency band different
from that of the RACH of the previous frame if the frequency band is not sufficiently wide or
there are no specific requirements (inter-cell interference or limitation in action range of user
equipment). Also, the above access procedure continues to be performed in the frame of the
next order until the user equipment successfully accesses the RACH.

Meanwhile, in case of the synchronized RACH, the sub-frame of each frame
preferably includes a short block to which a pilot for the user equipment which has accessed
the corresponding RACH is allocated. At least one RACH pilot and access pilot may be
allocated to the short block at a predetermined pattern. In other words, the user equipment
which has accessed the RACH should know channel information to receive a channel from
the base station. The channel information may be set in RACH pilot within an uplink short

block. The base station allocates a proper channel to the user equipment through the
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corresponding RACH pilot. Meanwhile, if the user equipment which accesses the RACH
notifies the base station of information of channel quality as to whether the user equipment is
preferably allocated with which channel through the RACH pilot, a favorable channel can be
allocated to the user equipment during scheduling, whereby communication of good quality
can be maintained.

Accordingly, the RACH pilot that can be used for the user equipment which accesses
the RACH is separately allocated to the sub-frame which includes RACH. Thus, the user
equipment which accesses the RACH sends a preamble to the base station through the
corresponding RACH and also sends a pilot for transmission of channel quality information
to the designated RACH pilot. The RACH pilot is a sequence designated depending on a
preamble, and it is preferable that the user equipments, which use different preamble
sequences, use different RACH pilot sequences if possible or select RACH pilot of different
sub-carriers or partially overlapped sub-carriers.

FIG. 10 is a diagram illustrating a structure of a random access channel of a sub-
frame to which the RACH pilot is allocated. It is noted that each sub-frame includes at least
one short block to which at least one RACH pilot and access pilot are allocated at a
predetermined pattern. In this case, the RACH pilot exists in the frequency band of the
allocated RACH and other system bands. In this embodiment, it has been described that
two short blocks exist per one frame and the RACH pilot is transmitted to the short blocks.
However, the present invention is not limited to such embodiment, and various modifications
can be made within the apparent range by those skilled in the art.

As described above, it has been described that preamble, synchronization timing
information including pilot information, uplink resource allocation information and message
such as uplink data can be transmitted through the RACH of various structures. It will be

apparent that the data transmission method according to the embodiments of the present
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invention can be used in the RACH and other channels.

Meanwhile, the preamble and the message may separately be transmitted through the
RACH. Alternatively, the message may be transmitted by being implicitly included in the
preamble. One embodiment of the present invention relates to a method of transmitting a
preamble through the latter transmission manner. In one embodiment of the present invention,
a code sequence more expanded than that of the related art can be used for effective
transmission of the preamble. Hereinafter, a method of improving CAZAC sequence
according to one embodiment of the present invention for effective transmission of the
preamble will be described.

Since the receiver should search a start position of a transmission signal in the
random access channel, it is generally designed that a transmission signal has a specific
pattern in a time domain. To this end, the preamble is transmitted repeatedly or a certain
interval is maintained between sub-carriers in a frequency domain to obtain repetitive
characteristics in the time domain, thereby identifying time synchronization.

In the former case, the preamble represents a reference signal used for the purpose of
initial synchronization setting, cell detection, frequency offset, and channel estimation. In a
cellular mobile communication system, a sequence having good cross-correlation
characteristic is preferably used for repetitive transmission of the preamble. To this end,
binary hardamard code or poly-phase CAZAC sequence may be used. Particularly, the
CAZAC sequence has been estimated that it has excellent transmission characteristics as it is
expressed by a Dirac-Delta function in case of auto-correlation and has a constant value in
case of cross-correlation.

The CAZAC sequence can be classified into GCL sequence (Equation 1) and
Zadoff-Chu sequence (Equation 2) as follows.

[Equation 1]
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j +1
c(k,N.M)=exp ( - Tk 1) )
N 7 forodd N
. 2
c(k.N A= exp(— Jrbl ke )
N for even N
[Equation 2]
J -+
c(k;N,M)=exp( Skt 1) )
N for odd N
. 2
c(k.N.M)=exp ( JTCE m\;k )

for even N

In the above Equations, it is noted that if the CAZAC sequence has a length of N,
actually available sequences are limited to N-1 number of sequences. Accordingly, it is
necessary to increase the number of CAZAC sequences to efficiently use them in an actual
system.

For example, a method of expanding the number of available sequences by 1 is
suggested by providing an improved CAZAC sequence p(k) in such a way to multiply a
CAZAC sequence c(k) by a predetermined modulation sequence m(k). In other words,
assuming that Zadoff-Chu sequence is used as the CAZAC sequence, the CAZAC sequence
c(k), the modulation sequence m(k) and the improved CAZAC sequence p(k) can be defined
by the following Equations 3, 4, and 5, respectively.

[Equation 3]

CAZAC sequence:

JaME(E+1) )

c(k;N,]\/l)=eXp( ~
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[Equation 4]
Modulation sequence:

m(k)zexp( J ?36 i{)

[Equation 5]

Improved CAZAC sequence (or improved preamble):

p(k)Zc(k)*m(k)———eXp(ij%i E(k+1)+ j?\a;& k)

The improved CAZAC sequence p(k) maintains auto-correlation and cross-
correlation characteristics of the CAZAC sequence. The following Equation 6 illustrates
auto-correlation characteristic of p(k), and it is noted from the Equation 6 that the final result
is a Dirac-delta function. In particular, if the modulation sequence m(k) is a sequence having
a certain phase, it is characterized in that the modulation sequence m(k) always maintains the
auto-correlation characteristic.

[E(juation 6]

ad(d) = Sexp( L (e +d)(k+d+1) + B2 (6 + )
k

i jadd 4 o g2ad ..
gekp( S (2dk +d(d+1)) +I5~d

= earp(%ﬁld)gexp(ﬁﬁ?—f (2dk +d{d+1 ))] = {% g %

ol
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Furthermore, the following Equation 7 illustrates cross-correlation characteristic of

p(k).

[Equation 7]

celd) = Yex LJLMi“—(ﬁ-I—d)i’ffﬁ—dnLl}+*%+§Jli}k+dﬂ
I!C r

ol G J2wd
mp( .y kik+1)— w7 u)

. gekpté%r— (A—t—tﬁ“(é—Fd—l—l))

exp| T (k4 ke +d+1) +a%{%5(ﬁ:+a3))

2‘:

(4
exp[ i},ﬂb—ﬂ{k% +1)— ji;g(? k)

= Sesp(LE e+ d) (b +d+1))
k

e:x:p(difl—lL (2dk+d(d+1)) + a%’?—d)

_ eap (M_md—uﬂzem(‘& (k+d)(k+d+1}j

£
| P2add )
P L N k,

In this case, although Equation 7 seems to be similar to Equation 6, it is noted that in
view of summation term, auto-correlation is expressed by sum of exponential but cross-
correlation is expressed by the product of two sequences. The first term is another CAZAC
sequence of which seed value is x, and the second term is a simple exponential function. The
sum of the product of two sequences is equal to obtaining a coefficient of the exponential

function, and its value is equal to a value obtained by converting the CAZAC sequence of
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which seed value is x into a frequency domain and exiracting a value from the frequency
position of exponential.

Since the CAZAC sequence has auto-correlation of Dirac-delta characteristic, if it
undergoes Fourier transform, it maintains auto-correlation characteristic of Dirac-delta of a
constant amplitude even in the transformed area. For this reason, if values of specific
positions are extracted from the frequency domain, their sizes are 1 and equal to each other
but their phases are different from each other. Accordingly, if this result is added to the
Equation 7 to obtain cross-correlation, the obtained cross-correlation can briefly be expressed
by the following Equation 8.

[Equation 8]

ccfd)=e¢p(?"fli dld+1) +La)5 e (?;; (k+d) F+d+1;]

exp( Lrddd ?;g, !L.)

— erp M 0 250 )\ clana/mvia
eop(Lor-d(d+1) + 354 ) O(dh/vz)

It is noted from the Equation 8 that since C(dM/N;x) always has a size of 1 and an
exponential term also has a size of 1, the cross-correlation is always fixed at 1.

After all, characteristics of the related art CAZAC sequence can be maintained by
the Equation 5 and at the same time the number of codes can be increased. This means that
the result in the area where the exponential terms are multiplied is equal to applying circular
shift to the Fourier transformed area, and multiplying exponential sequences in the time
domain is equal to performing circular shift in the frequency domain.

In other words, it is noted that if correlation between two sequences p(k;M,N,d1)

and p(k;M,N,d2) of which seed values are equal to each other is obtained, impulse occurs in a
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point where a delay value d in cross-correlation reaches d1-d2. Although design of the
improved sequence as above has the same result as that of circular shift of the CAZAC
sequence, this embodiment of the present invention is advantageous in that the result can be
obtained by a simple procedure such as multiplying two exponential sequences without
Fourier inverse transform after Fourier transform and circular shift.

Hereinafter, a method of improving data transmission reliability of a preamble by
performing predetermined data processing for the related art code sequence and a method of
expanding a length of a code sequence when data are simultaneously transmitted will be
described. If the CAZAC sequence is used as the code sequence, the CAZAC sequence
expanded by the above method is preferably used. However, the CAZAC sequence is not
necessarily limited to the CAZAC sequence expanded by the above method, and the related
art CAZAC sequence may be used.

First of all, a structure of transmission data, i.e., prearﬁble, which is commonly
applied to the embodiments of the present invention, will be described.

In a 3GPP LTE (Long Term Evolution) system, a transmitter can repeatedly transmit
the same sequence two times or more so as to allow a receiver to easily detect transmission
data or improve additional detection performance (i.e., increase of spreading gain).
Accordingly, since the receiver only needs to detect repetitive patterns regardless of the type
of the received sequence, it can simply identify time position of a user equipment which
accesses the RACH and improve detection performance.

FIG. 11 is a diagram illustrating a structure of a preamble according to one
embodiment of the present invention. In an orthogonal frequency divisional transmission
system, a cyclic prefix (CP) is used, in which the last part of OFDM symbol is copied and
then prefixed to the OFDM symbol to compensate a multi-path loss in signal transmission.

Accordingly, if the OFDM symbol consists of two repetitive preambles, a part of the
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preamble of the later order is copied in the first part by CP to enable compensation of the
multi-path loss for the corresponding preamble. Also, the CP is advantageous in that it is easy
to identify user equipments which access different RACHs in case of CAZAC having good
periodic correlation.

Since inter-symbol interference does not occur even though a single sequence is
transmitted by prefixing CP thereto instead of repetitive transmission of sequence, a
predetermined receiving algorithm can be realized in the frequency domain without any
problem. However, if the receiver realizes a receiving algorithm in the time domain with
neither repetitive transmission nor CP, the receiver should detect all kinds of code sequences
to identify user equipments which access the RACH. In this respect, the preamble is
preferably realized by a structure of a repetitive pattern. At this time, whether to realize a
repetition pattern can be determined depending on a data rate supported by the system or the
number of repetitive times can be determined if a repetitive pattern is realized. For example,
to support a minimum data rate supported by the system, RACH preamble can repeatedly be
transmitted one or more times depending on the length of the sequence.

First to fourth embodiments which will be described later relate to a data processing
method of a sequence constituting the structure of the preamble. In these embodiments, data
transmitted to the receiver could be the structure of the preamble of FIG. 11 or a partially
omitted structure (having neither repetitive transmission nor CP). Although it is assumed that
the CAZAC sequence is used as the code sequence for data transmission, the code sequence
is not necessarily limited to the CAZAC sequence. Every sequence having excellent
transmission characteristic, such as Hadarmad code and gold code, can be used as the code
sequence.

<First Embodiment>

To transmit data, a landmark that can be identified is generally required for a
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transmission signal constituting data. In this embodiment, conjugation is used as the
landmark. Since a phase variation width between a conjugated transmission signal and other
transmission signal is very great, interference between transmission signals decreases,
whereby reliability of data transmission can be improved in spite of influence of channel.

FIG. 12 illustrates a method of transmitting data through conjugation according to
one embodiment of the present invention. In the embodiment of FIG. 12, one CAZAC
sequence is divided into four blocks, and ‘0’ or *1° indicates whether to perform conjugate for
each block. For example, it may be promised that a block which is not conjugated is
expressed by ‘0’°, and a block which is conjugated is expressed by ‘1.’ In this way, one
CAZAC sequence can express information of 4 bits. In other words, if one CAZAC sequence
is divided into N number of blocks, information of N bits can be expressed.

At this time, in a single CAZAC sequence of a long length corresponding to a length
of transmission data, a part of the single CAZAC sequence, which corresponds to a specific
block having a value of 1, may be conjugated. Also, in a plurality of CAZAC sequences of a
short length corresponding to each block length of transmission data, a CAZAC sequence
corresponding to a specific block having a value of 1 may be conjugated.

FIG. 13 is a diagram illustrating an example of a method of receiving and decoding
the sequence transmitted through conjugation from the transmitter in accordance with one
embodiment of the present invention.

It is preferable that the transmitter always allocates a value of 0 to the first block of
the transmission data so that the first block is used as a reference later. Accordingly, the
receiver identifies sequence ID for the received first block (S1101), and then measures a peak
by using only the corresponding block (S1102). Next, the receiver identifies sequence IDs for
the first and second blocks (S1103), and then measures a peak by using the first and second

blocks together. At this time, since it is unclear whether the sequence of the second block is in

ZTE 1002-0238



10

15

20

25

WO 2007/142492 PCT/KR2007/002784

23

the conjugated status, the receiver respectively measures a peak corresponding to the case
where the corresponding block is conjugated (S1104) and a peak corresponding to the case
where the corresponding block is not conjugated (S1105), and then selects greater one of the
two peaks (S1106). Subsequently, the receiver identifies sequence IDs for the first to third
blocks (S1107), and then measures a peak by using the first to third blocks together. In this
case, since it is unclear whether the sequence of the third block is in the conjugated status, the
receiver respectively measures a peak corresponding to the case where the corresponding
block is conjugated (S1108) and a peak corresponding to the case where the corresponding
block is not conjugated (S1109), and then selects greater one of the two peaks (S1 110). In this
way, decoding is performed for the first block to the last block so that the original data is
finally decoded.

<Second Embodiment>

FIG. 14 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embodiment of the present invention. Although data
transmission is performed by change of the sequence in the first embodiment, in this
embodiment, a type of a sequence for expressing one block is divided into a sequence (first
sequence) for a block value of ‘0’ and a sequence (second sequence) for a block value of ‘1,
and the first and second sequence are grouped. In this case, since the receiver detects only
sequence ID (ID of the first sequence or ID of the second sequence) for each block, the
receiver is less affected by noise or channel.

All sequences are expressed by one group "{co(k;Mi), c1(k;M;))}" by grouping two
sub-sequences (first sequence and second sequence) (i and j are integers different from each
other). In this case, co(k;M;) is the first sequence for the block value of 0 (or bit value), and
c1(k;M;) is the second sequence for the block value of 1. At this time, a CAZAC sequence of

a long length corresponding to a length of transmission data may be used as each sub-
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sequence constituting each group. Alternatively, a CAZAC sequence of a short length
corresponding to each block length of transmission data may be used as each sub-sequence
constituting each group.

Meanwhile, the receiver identifies sequence ID of each block, and identifies a type -
of the sequence (first sequence or second sequence) for each block from a sequence ID set
consisting of the identified sequence IDs. At this time, the type of the sequence for each block
can be expressed by group ID. In other words, in this embodiment, since it is assumed that
code values of each block can be expressed by 0 and 1, two types of the sequence for each
block or two types of group ID are obtained. The code values of each block can be restored
through group ID. This decoding procedure will be described in detail with reference to FIG.
15.

The receiver identifies sequence ID of each block constituting a corresponding
sequence if the sequence is received (S1501), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1502). In this case, two peaks having high
frequency in generation are selected (S1503) so that sequences which generate the
corresponding peaks are identified as the first sequence and the second sequence constituting
the group. At this time, if the first sequence and the second sequence are expressed by
predetermined group IDs, respectively, first group ID indicating a code value of 0 and second
group ID indicating a code value of 1 can be identified. After all, group ID of each block can
be identified through the step S1503 (S1504), and thus the code value of each block can be
identified (S1508).

If sequence IDs that can not identify group ID exist due to error occurring during the
decoding procedure, peaks are searched for a set of corresponding sequence IDs (S1505), and
among the peaks, two powerful peaks are detected (S1506) so that group IDs are again

identified from the detected powerful peaks (S1507). Subsequently, code values of the
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corresponding blocks can be identified from the identified group IDs (S1508).

<Third Embodiment>

FIG. 16 is a diagram illustrating a method of transmitting data using a sequence
according to another preferred embodiment of the present invention.

If the second embodiment is more expanded, a total number of data bits that can be
transmitted through one group can be i.ncreased. For example, if two sequences are defined as
one group like the second embodiment, data of 1 bit per block can be transmitted. If four
sequences are defined as one group, data of 2 bits per block can be transmitted. If eight
sequences are defined as one group, data of 3 bits per block can be transmitted. However,
since a plurality of sequences are grouped and defined as one set, a problem occurs in that if
the length of each sequence is short, the number of groups that can be selected is decreased in
proportion to the short length of each sequence.

Accordingly, it is necessary to expand the length of the sequence to increase the
number of groups that can be selected. To this end, in this embodiment, the length of the
sequence for each block is expanded while fespective sequences are multi-overlapped as
shown in FIG. 16B and independence is maintained owing to transmission delay between the
overlapped sequences.

Referring to FIG. 16(a), a data value of 2 bits is given to each block. Accordingly, a
sequence group for each block consists of four different CAZAC sequences. Since each
CAZAC sequence constituting the sequence group should identify four values, a group size
should be increased correspondingly. However, in this case, a problem occurs in that the
number of groups that can be used by each base station is decreased. Accordingly, as shown
in FIG. 16, the length of each CAZAC sequence is expanded as much as need be while a
predetermined delay is given to each CAZAC sequence during data transmission, whereby

independence is maintained between the respective CAZAC sequences.
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Meanwhile, the receiver identifies ID of a corresponding block based on the order of
each CAZAC sequence represented in the time/frequency domain, and its method of
decoding a code value from corresponding block ID is almost identical with that of the
second embodiment. Hereinafier, a data decoding procedure of the receiver will be described
in detail with reference to FIG. 17.

The receiver identifies sequence ID of each block constituting a corresponding
sequence if the sequence is received (S1701), and measures a peak for a sequence ID set
consisting of the identified sequence IDs (S1702). In this embodiment, since one block
expresses two bits, first, second, third and four sequences which express 00, 01, 10, 11 form
one group. Accordingly, the receiver should select 4 peaks having high frequency in
generation as a result of measurement (S1703). In this case, the selected peaks are
respectively mapped to the first, second, third and fourth sequences in accordance with the
order represented in the time/frequency domain. Also, if the first sequence to the fourth
sequence are expressed by predetermined group IDs, respectively, first group ID indicating a
code value of 00, second group ID indicating a code value of 01, third group ID indicating a
code value of 10, and fourth group ID indicating a code value of 11 can be identified. After
all, group ID of each block can be identified through the step S1703 (S1704), and thus the
code value of each block can be identified (S1708).

If sequence IDs that can not identify group ID exist due to error occurring during the
decoding procedure, peaks are again searched for a set of corresponding sequence IDs
(S81705), and among the peaks, four powerful peaks are detected (S1706) so that group IDs
are again identified from the detected powerful peaks (S1707). Subsequently, code values of
the corresponding blocks can be identified from the identified group IDs (S1708).

<Fourth Embodiment>

FIG 18 is a diagram illustrating a method of transmitting data using a sequence
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according to another preferred embodiment of the present invention.

In the case that the second embodiment and the third embodiment are more
expanded, the signal position is changed through pulse position modulation (PPM) so that the
length of the sequence can be expanded logically. The PPM originally transmits data with
relative pulse delay but PPM based on start position of the sequence is used in this
embodiment.

If bits of data to be transmitted are determined, the base station selects a sequence to
be used for transmission of corresponding data and determines a length of a block for
applying PPM to a corresponding sequence and a length of a duration constituting each block.
A sequence corresponding to each block is separately required when a preamble is generated.
However, in this embodiment, since circular shift equivalent to a specific duration within a
specific block constituting a corresponding sequence is applied for the same sequence, the
respective sequences are originally the same as one another but are identified from one
another by circular shift.

For example, assuming that one sequence length is divided into four blocks (block 1
to block 4) and each block is expressed by 2 bits, each block is again divided into four
durations (duration 1 to duration 4) to express values of “00, 01, 10, 11.” At this time, four
durations included in one block are used as start identification positions of circular shift for a
sequence corresponding to a corresponding block. If a preamble to be transmitted has a total
length of 256, block 1 can have a circular shift value of 0~63, block 2 64~127, block 3
128~195, and block 4 196~255. If a specific sequence to be used for transmission of the
preamble is determined and “00” is transmitted through block 1, sequence 1 undergoes
circular shift so that a start position is arranged in duration 1 (0~15) of block 1. If “10” is
transmitted to block 2, sequence 2 undergoes circular shift so that a start position is arranged

in duration 3 (96~111) of block 2. In this way, circular shift is applied for the other blocks
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and then the respective sequences (sequence 1 to sequence 4) are grouped into one to
generate one preamble. In this case, the number of blocks can be generated from 1 to every
random number. Also, a minimum unit of circular shift can be limited to more than a certain
value considering channel or timing error.

Meanwhile, the receiver identifies respective sub sequences (sequence 1 to sequence
4) constituting corresponding sequences by data processing the transmitted sequen(;es, and
searches a start position of each of the identified sequences to perform data decoding. This
will be described in detail with reference to FIG. 19.

If a sequence is received in the receiver (S1901), the receiver detects ID of the
corresponding sequence (S1903) and performs full correlation through predetermined data
processing for a total of received signals (received sequence) by using the detected result
(S1905). At this time, a full search algorithm or a differential search algorithm can be used
for detection of the sequence ID.

Since the received signal is transmitted from the transmitter by gathering a plurality
of sequences, the signal which has undergone the correlation includes a plurality of peaks. In
this embodiment, four peaks are detected, and the receiver determines whether each of the
detected peaks corresponds to which one of block 1 to block 4 and also corresponds to which
duration of a corresponding block (S1909) to decode bit order and bit value of the original
data (S1911).

The method of effectively transmitting the preamble sequence and message through
the RACH has been described as above. Finally, a procedure of transmitting a preamble from
a user equipment (UE) to a base station (Node-B) and performing synchronization between
both the user equipment and the base station will be described based on two embodiments.
FIG 20A and FIG. 20B illustrate the two embodiments.

In the embodiment of FIG. 20A, synchronization is performed in such a manner the
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user equipment accesses the base station only once. In other words, if the user equipment
transmits a preamble and a messing including information required for synchronization to the
base station (S2001), the base station transmits timing information to the user equipment
(S2003) and at the same time allocates a resource for transmission of uplink data (S2005).
The user equipment transmits the uplink data to the base station through the allocated
resource (S2007).

In the embodiment of FIG. 20B, for synchronization, the user equipment accesses
the base station twice. In other words, if the user equipment transmits a preamble to the base
station (S2011), the base station transmits timing information to the user equipment and at the
same time allocates a resource for a request of scheduling (S2013). The user equipment
transmits a message for a request of scheduling to the base station through the allocated
resource (S2015). Then, the base station allocates a resource for transmission of uplink data
to the user equipment (S2017). In this way, the user equipment transmits to the uplink data to
the base station through the secondly allocated resource (S2019).

FIG. 21 is a diagram illustrating a method of transmitting data to a receiver through a
signaling channel in accordance with one embodiment of the present invention.

Since the receiver should search a start position of a transmission signal in actually
realizing the random access channel, it is generally designed that the random access channel
has a specific pattern in the time domain. To this end, a preamble sequence may be used so
that the random access signal originally has a repetitive pattern. Alternatively, a certain
interval may be maintained between sub-carriers in the frequency domain to obtain repetitive
characteristics in the time domain. Accordingly, the access modes of FIG. 6A and FIG. 6B are
characterized in that the start position of the transmission signal should easily be searched in
the time domain. To this end, the CAZAC sequence is used. The CAZAC sequence can be

classified into GCL sequence (Equation 1) and Zadoff-Chu sequence (Equation 2).
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Meanwhile, a specific sequence of a long length is preferably used to transmit
unique information of the user equipment or the base station through RACH (Random Access
Channel) or SCH (Synchronization Channel). This is because that the receiver easily detects
corresponding ID and more various kinds of sequences can be used to provide convenience
for system design.

However, if message is transmitted with corresponding ID at a sequence of a long
length, since the quantity of the message is increased by log, function, there is limitation in
message passing with ID only when the sequence exceeds a certain length. Accordingly, in
this embodiment, the sequence is divided by several short blocks, and a short signature
sequence corresponding to data to be transmitted to each block of the sequence is used
instead of specific manipulation such as conjugation or negation.

Referring to FIG. 21, the sequence is divided into a predetermined number of blocks,
and a short signature sequence corresponding to data to be transmitted is applied for each of
the divided blocks. A long CAZAC sequence is multiplied by combination of the blocks for
which the short signature sequence is applied, whereby a final data sequence to be
transmitted to the receiver is completed.

In this case, assuming that the short signature sequence consists of four signatures,
the following signature sets can be used. Also, if there is difference between respective data
constituting the signature sets, any other signature set may be used without specific limitation.

1) Modulation values: {1+j, 1-j, -1-j, -1+j}

2) Exponential sequence: {[exp(jwon)], [exp(jwin)], [exp(Gwan)], [exp(iwsn)l},
where n=0...Ns, and Ns is a length of each block

3) Walsh Hadamard sequence: {[1111], [1-11-1], [11-1-1], [1-1-11]}, where, if the
length Ns of each block is longer than 4, each sequence is repeated to adjust the length.

Examples of the long CAZAC sequence that can be used in the embodiment of FIG.
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21 include, but not limited to, one GCL CAZAC sequence, Zadoff-Chu CAZAC sequence,
and a sequence generated by concatenation of two or more short GCL or Zadoff-Chu CAZAC
sequences having the same length or different lengths.

The aforementioned manner of applying a short signature sequence for data
transmission and reception to the long CAZAC sequence is advantageous in that it is less
affected by channel than the related art modulation method of transmission data and
performance is little decreased even though the number of bits constituting one signature is
increased.

FIG 22 illustrates an example of a receiver and a transmitter for transmitting a
preamble and data through RACH, SCH or other channel by using the aforementioned
manner.

Since the number of bits can be increased in accordance with increase of signatures,
channel coding can be applied for the transmitter. If channel coding is performed,
time/frequency diversity can be obtained through an interleaver. Also, bit to signature
mapping can be performed to minimize a bit error rate. In this case, Gray mapping can be
used. The sequence which has undergone this procedure is mixed with CAZAC and then
transmitted.

The receiver detects CAZAC ID, and calculates a log-likelihood ratio (LLR) for
each of bits. Then, the receiver decodes transmission data through a channel decoder.
Considering complexity according to sequence search of the receiver configured as shown in
FIG. 22, the transmitter preferably uses an exponential sequence as a signature sequence. In
this case, the receiver can simply search CAZAC ID through phase difference Fourier
Transform. Afterwards, the receiver can again simply calculate LLR from the signature
through Fourier Transform. |

According to the present invention, the structure on the frequency axis/time axis of
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the RACH can be identified more definitely. Also, since the RACH resource is divisionally
distributed for each frame, even though the user equipment fails to access a specific RACH,
the user equipment can directly access RACH of the next frame, whereby access to the base
station is improved. Moreover, the user equipment can easily access the RACH even in case
of a traffic area of which QoS condition is strict.

Furthermore, according to the present invention, since information is transmitted and
received between the user equipment and the base station by using the code sequence,
time/frequency diversity can be maximized, and performance attenuation due to influence of
channel can be alleviated through the signature manner.

According to the present invention, since the total length of the corresponding
sequence can be used with maintaining the advantage of the code sequence according to the
related art, data transmission can be performed more efficiently. Also, since the code
sequence undergoes predetermined data processing, the quantity of information to be
transmitted can be increased and the transmitted data becomes robust to noise or channel.

It will be apparent to those skilled in the art that the present invention can be
embodied in other specific forms without departing from the spirit and essential
characteristics of the invention. Thus, the above embodiments are to be considered in all
respects as illustrative and not restrictive. The scope of the invention should be determined
by reasonable interpretation of the appended claims and all change which comes within the

equivalent scope of the invention are included in the scope of the invention.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a wireless communication system such as a

mobile communication system or a wireless Internet system.
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[CLAIMS]

1. A method of transmitting data on a random access channel in a mobile
communication system, the method comprising:

generating a new code by multiplying a code sequence by an exponential sequence;
and

transmitting the new code sequence to a receiving side.

2. The method of claim 1, wherein the code sequence is a CAZAC (constant

amplitude zero autocorrelation) sequence.

3. The method of claim 1 or 2, wherein the code sequence is transmitted as a

preamble.

4. A method of transmitting data by using a code sequence in a mobile
communication system, the method comprising:

conjugating at least one element included in at least one block of a code sequence
divided by at least two blocks to indicate predetermined information; and

transmitting the code sequence, in which the at least one block is conjugated, to a

receiving side.

5. The method of claim 4, wherein the code sequence is a CAZAC sequence.

6. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:
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generating a second code sequence indicating predetermined information by
combining at least two first code sequences mapped with at least one information bit,
respectively; and

transmitting the second code sequence to a receiving side.

7. The method of claim 6, wherein the first code sequence is a CAZAC sequence.

8. The method of claim 6, wherein, if each of the first code sequences is mapped
with ‘n” number of information bits, the at least two first code sequences are selected from a

sequence group consisting of 2" number of first code sequences.

9. The method of claim 6, wherein the combination of the at least two first code
sequences is performed by summing the at least two first code sequences after giving

predetermined delay to each of the at least two first code sequences.

10. A method of transmitting a code sequence in a mobile communication system,
the method comprising:

generating a combination code sequence by combining a base code sequence to at
least one code sequence obtained by circular shift of the base code sequence; and

transmitting the combination code sequence to a receiving side.

11. The method of claim 10, wherein each of the base code sequence and the at least
one code sequence identifies one or more information bit.
12. The method of claim 10, wherein the step of generating the combination code

sequence is performed in a frequency domain.
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13. The method of claim 10, wherein the step of generating the combination code

sequence is performed in a time domain.

14. The method of claim 10, wherein the combination code sequence is transmitted

through a random access channel (RACH).

15. The method of claim 10, wherein the at least one code sequence is obtained by

circular shift of the base code sequence as much as integer times of circular shift unit.

16. A method of transmitting a code sequence in a mobile communication system,
the method comprising:

generating a repetitive code sequence by repeatedly concatenating a first code
sequence at least one or more times;

generating a cyclic prefix (CP) by copying a certain part of a rear end of the
repetitive code sequence and concatenating the copied part to a front end of the repetitive
code sequence; and

transmitting the repetitive code sequence, in which the CP is generated, to a

receiving side.

17. The method of claim 16, wherein the repetitive code sequence is transmitted as a
preamble on a random access channel.

18. A method of allocating a random access channel in a multi-carrier system, the
method comprising:

allocating a random access channel to each of at least two consecutive frames in a
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way that frequency bands of the random access channels allocated to the at least two
consecutive frames are not overlapped with each other; and
transmitting allocation information of the random access channels allocated to the at

least two consecutive frames to at least one user equipment.

19. The method of claim 18, wherein the frequency bands of the random access
channels allocated to the at least two consecutive frames have a pattern which is periodically

repeated.

20. The method of claim 18, wherein the allocation information includes a hopping
pattern of the frequency bands of the random access channels allocated to the at least two

consecutive frames.

21. The method of claim 18, wherein the random access channels are uniformly

allocated to the at least two consecutive frames.

22. The method of claim 18, further comprising allocating a channel region for
transmission of a pilot signal at the user equipment to at least one sub-frame to which the

random access channel is allocated.

23. The method of claim 22, wherein the user equipment trying to random access

through the random access channel transmits a pilot signal through the channel region.

24. A method of transmitting data by using a code sequence in a mobile

communication system, the method comprising:
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mapping each of a plurality of blocks having at least one bit of a input data stream,
respectively to a corresponding signature sequence;
multiplying a signature sequence stream, to which the plurality of blocks are mapped,
by a specific code sequence; and
transmitting the signature sequence stream multiplied by the specific code sequence

to a receiving side.

25. The method of claim 24, wherein the specific code sequence is a single CAZAC

sequence.

26. The method of claim 24, wherein the specific code sequence is a sequence

obtained by concatenating at least two different CAZAC sequences.

27. The method of claim 24, wherein the signature sequence is an exponential

sequence.
28. The method of claim 24, wherein the signature sequence is a Hadamard sequence.
29. The method of claim 24, further comprising repeating each signature sequence
so as to match a length of the signature sequence stream, to which the plurality of blocks are

mapped, with a length of the specific code sequence.

30. The method of claim 24, wherein the signature sequence mapping is Gray

mapping.
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o] Fol AW, =Y AP ARE HAol wel v AlojAd, FEAd, d&AolAd
2 EdgAY 5o pRAY. d74 9ud FEAY F ol Ay A~
2 g (Random Access Channel, ©]|38} 'RACH')2 += wW7|(User Equipment; UE)E
WEA T B 9w A g olFA §14 FEE g6 B w2/ & 44

o A% AE SRR A,

ol ] H. 5, RACHY= Ale] wkAo) wel A 7r5FH0o 7 N7Je AB Z# <l (sub-frame) O
2 s a, FIsHo2 N9 T3 ggor FeaEs & 5 vk, RACHE]

A W= MACAIA Q] QoS QT Aol ulglA] AS|A=d], dukH o R 44 ns
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Golw ok WA mi el oms 99m ok W Ado] A4, o ojg Ao

subcarrier & TS RACHE A Adlo] Wt 58 =o|= FFo|u.

<13> T 2% HALA QIAEFHE(TAF A ogk RACHY] 32 ZAgH Zojt}
oA B PACHO &9 = lE o gd=87A] g dAEFed 7 Jdns A

AlE o] owm, RACHO] HIAA 7 F715] = A AdFALE S8 dAA 5585 &
oA star, FHY FLRL AR TOREM RACHS] Z 2] lE (preamble)©] ARS8}
= e o]9]e] RACH = Ad o] thgh AHEE2A4 KB (Channel Quality
Information, ©]a} 'CQI"NE g5 4 Jr= vy, 53], RACHYF &H ¥ = A~
g tel] gkt spdElo] dgH = 540 v,

<14> E 32 9o 22 =1 8 = 20 ¥EHoRr A= RACH 7S 24 H

oA = EAlA ol ARy, gk, RACH FollA AgdE Fuka diede] Ald 570

FA W A RACHS] it Ay @A ghEo] oA =dH WAE gEe] RACH

H}

<15> Sl 1)

f
B |
w
o}
)
!
e
H
=
>
M
W
=
)
=
=)
ut
oft
%
B
ox,
o
A,
>
By
il
Y

3 o

e

u:LE

1o
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e)ol WA= AFE= WU, lF wAIA I ZEglE Alf o] @dsA o ek

b

Hol AEHE= wHel 2l

ol

o, A7l = 29 FH¥ Fde LBl (attached
wideband pilot)S E3] AEH = AL Azl sEsl 7] = 29 Adwv=H
F Y Ul (embedded wideband pilot)S F3dl AE¥ = W2l X
slgre).

<lé> Aol ol 71 A2~ (long sequence) & LHlE AFE-SE Aol AlE
2o dolm Fubekel weba AR 4 9l AlEs Jlge Ao R SUskA

W™ bse WAA Fow BH logd @R F/4Y] R A b

Az U FolEo] HAEE g A HAAY ol @AV Ak, WA &2
ZEANE A FA(short preamble sequence)ZE AE3lE A9odE HHERE= R A
Azo] ThE AL BHYA AEsr]) W] AR~ DY FBE Aol Ay
= A7 A, @ Al AAE REdolAss AfodE 54 Alds 9

o QR HolHE FAUF 57| ulire] Azk/Fs cholmAE Fyrt A7

<17> T 9o 22 EAAES sdshy] flel AljkEl Ao mA, RACHS] )
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s> B o) e 2R vy J)A% ol pARE S5 gl glolA 7}

@ e 7 ARNRE ol gdte] WAXE ARFORA A/ FoF vholHAEE
Arstats @9 Ade) dPow A% A% 44 AL fsisr] A e A
sl dlel ok
[ e) 4]
<10> glo} g =Ae Bar] fe B oo @ AxdE gge) Zegon

Ba) dolEE Adais Wil Be AowA, W] 24 sGe] =g

o
filo
N

7 =y gle] £ wix]¥ RACH T Al =#9le] RACHO] 12 Al:=df

ol

rr
i
)

=
QF, A7) Hol Aael A, Y RACHE 3] = AL (preamble) H|o]EZE A

bz WA @ ] Aol Aelek A9, The Ae) madel ek w)xE RACH

20> o714, 7] RACH: AlZH-F3b tho] W Al Bl (time—frequency diversity)®
B2 A7) YEte] g F7]E o]Fx= Z my| ol T tjoE R FUstA B3

EE S A== Aol vk skal, 47] RACHE Zb =Zl|Qloll mix)w RACHS]

Aol Harb HES T R ARE A9 F oj= sy ol A X7F wAdE
AT
21> Bk, AVl b zEele) Au eslels &d RACHE ek whEbs 9fgl

RACH <1 21(RACH pilot)o] & wo] 91t w2 (short block)o] afuf o] 4 %t

2 g o, A dedels sk o] 3] RACH A BI(RACH Pilot)@ A2 o}

ZTE 1002-0288



22>

<23>

24>

<25>

26>

At 22 5252 @Asy] fe o e vgE 4 A Aladd Al

S B3l FAS dlolHE AEshis Wy 3ok Ao=zA, Al Al (sequenc

L

OE 24 AFY Beom Fasis @A, By FaE 4 Bed, A5 o]

L

Blo] sigdats A2 AEAE HE5= oA 2 AT A2 AR HEE By s

i

H

9ol A3 A|B=E Fote] FAlSel AEshs wAlE ekt

oAZIA, A7 AL AA~E= AA FEe &2 A 1uA Al A (short
signature sequence)”} ©]8¥ ¢ Qlow AV ZHL AU A A|FBAT AT GE
2 59 e RESHgt(Modulation values) o= A=A, &7 2@ =€
M2 A3} A2~ (Exponential sequence)® A AV, 7] +83 &8 7

T2 &4A] stupvt= Al (Walsh Hadamard sequence)® TA=E 4 At}

gk, A7) FASo w9 oy AdFol oA 7] A3 AR e Al

AA~E Ald T (channel coding)dl= ©@A|el, A7) Ald 7% dolg

il

A=
2 (interleaving) b= WAIeL, 7] <IEAWE dlolelE A1 A 9153

(signature mapping)sl= WA 2 7] Al A WgE do]g ol CAZAC AFAE
woke wAZE v xekE g o, AV Al A g ox 1ol §8sE (Gray

ot

X2

mapping)©] ©]&%

dloh e BAe BAs] e B owge) e 9 AAds Ady A
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27>

<28>

<29>

<30>

G0 Reom Tase] LYW Ap ADAE A 9, A6 AA=E A7)
A Beom THSE WA % 7] A6 AA2 7 BEL A5 ARz 7

A7) A4 AR 7 CAZAC A @ ~(long CAZAC sequence)”?} o3 <=

sequence) 7} ©o]-&E 4= v}, ol AV HLE AU A AFx= U] SF

g g9 EEslik(Modulation values)o 2 A= % Qi 7] 8%

i, A7) AL AlFEAEE A2 HHe] &L AT A A A~(short signature

M2l A3k A ~(Exponential sequence)® TAE F% o, A7) 35

B 5o &4 vtz Al @~ Walsh Hadamard sequence) ® A1 E 4 v},

Gz

A, 7] AL Al FEt] @A o] ol Al Al o B R

Bl CAZAC ofolt]& FEoh= wAAleh, Falel A 7dd vlolH =y = fApe]

(log-likelihood ratio)E& AFEdl= WAleF, 7218 Al299 diolHE vy

(Deinterleaving)dl+= wHA A A7)

vl
decoding)sl= YAE ©] x3a 4 AT},

el thsl Arg gt

A A~ A E(Random Access Channel, ©]&F 'RACH')S W (User

Equipment; UE)©] 7]A]=(Node-B)¥} U™ A (uplink) 57|17} o] F XA & ZE|
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oA WE = Hskr]l fek FE= ARSEY. =, o] - = (downlink)

~—

713 E o)lF 1 M A2 Z]A Tl HsFE A -$-(initial ranging, =7] FHiH)9},
HEL Ao HE5HE e de doo wmels YESR Ao ujnfrt HEdh s 4
(periodic ranging, F7]1% Fir)oll RACHZ} AF&HE T}, o] 7] A, AR A= w

ol HES Aol HEatAA §7]E o Fa Aol daek ofelt(ID)E Alsw

31> 53] X9 A9 3GPP LTES] o w vpA] F 7FA = 428 5 A=),
ko] RACHO] #A2er w) A1) 38 A (uplink) A& 7F 57 g4 o] g&
ALEst= 5718 A1 E=(synchronized access mode)2}, &7] SHAIE HolwS

W] AME3= v 7|E A 2 =(non-synchronized access mode)® G-

32> olol] B, B7|3F Hit HE=E o] VA GHA(uplink) B2 H
ol upx ke Abelel 7FASstar 1 ZFA o] ulel RACHO] ¢olaA] BE A 7H(Guard
time)2o] AgHS sttt o] Q] v B2 A3 Y (time-frequency

resource) S ARt 4= Qlimul, 3GPP LTEOIA = B7]8 A REolA] s A~
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4 9B Al A~ (preamble sequence)ol] Aol Qo] H A X (24bits ©]A)E U
gto] SFAE A dAEEteS shar k. upeba], 2 Egol] lojA] AlE Al A eH
RACH —-==ol] ¢J3l] dlol¥lE AEFdl WHAL AAld)ol digte] = v]s7]st A

= o gle AT mesh 4edn, wEw A% el AT delHE 5

H

2
Ol
o
r[ r
%
%
N
Do
>,
>,
2

ol diske]i= Aokel R ole)o] v WY A Yo

33> <A1 A A Q>

<34> AWz o " RACHY A wxEsE & AEMACNA S QoS(Quality of
Service) Q. ZZAo W&} AAH, T4 ms @9 = 9 s oY= RACHZ}F
AT, o8 gk RACHE= AIRF &9 B Faag doolA AAE 5 d=d, Ab

GAA W WA NEE YYTE Ggels Buje] An mag TEb A

Gololl Al RACHS] M EE A FEE walHo

IV A
rN
ofy
ok
e
e
ki
il
H
ey
rl
>
~

a5 W, e goolA AW AAs NS 4

oX,
QL
rr
o)
o
9
rr
>
b
I
=
juls

TEE o= AE FX3HA A4 OFDM(Orthogonal Frequency Division
Multiflexing) Aol w&sbo] A7) AAR g daxs As2 Hola ALse
2t nm Apole] Aol 453

A =

ok

olstAl FAE= Aol

>
e

v;_,i__
gtk webd], B AN F3a GGl WY oA NEst AHHE F

ol QolAS) RACH TRl £ RO A@ebR vk, FIR, % b F

1%
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<36>

<37>

<38>

<39>

T DAolA RACHY] AT E A= FElE wAAoz ZAgh Zlo|t,
2 AAldel A= Y] I 3ollA] A AT ek mpel gho] whRbo] RACH Aol

Aser AL YA E=AA 9 7FAo] AojA = wHe =Raly] 9], RACHY] 24 wl

[tl

=59k 9 M= (overhead) 9] Fol AAEW Y RACH A9LS @ 7] e 2z}
gelol] Eakato] W@t} olw, RACHE o F7]8 olfi Boe] mgglel oja)

Aol wigAsie. Ee,

i

of Fo dguEE JAdsHA FEEES B A

ZF e elell wiAE RACHS] kA el HAarh Hes Fubg 81 AR gl T o] )

b

iy
o
o
1o
o
N
g
o
i
&
k1
¥
v}
ﬂ
kl
Hl
H
(@)}

= ool9p e A o

RACHE &3l 2] lE(preamble) HlolHE HAEahAwE, o] Aoahd th& A

o stelelo] Wb WA E RACH] A Aweth. olu, thg o) el

e

ghE RACHE o) =9 RACHS} Aolgh F3h o] mjx| &= o] vpehz] s}

v
i
o
o
~
L
!
flo
bR
r
i
N
rr
iR

o AFgd w7tA] L 2o T el A
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<40>

o] ggxo] Q&= wWEE (short block)o] 3EghE = o] wpgzlsio). oy gt Wi

o= &} o) Aate] RACH &1 (RACH Pilot)® M2 348l (Access Pilot)o] 4
=3

—~

He) swon

r

Ak, =, RACHE gk wdo] V[Axo 2R E ANds

Rty M= Adel ik RS 2 5 glojof sh=dl. oo 2 Ad AR

uls

AH A ©E2 (uplink short block) We] RACH 3} sle] AA= =

[9)

Al
rlo

G RACH HU3E B @els HAe AL A,

Aoets v

ik o
s
ol
2
>
H
o
N
=
o
[

©

Hla FelA oW Ade @

FA O it AdEAARES VATl dEE g dud 2AEEE

Fele Adol 298 F Qonw PP FAL AKAL £ dve 3

=N

upehA], RACHZF 29bsl AlB sz loll A= RACHO] #F<%dfi= whdo] A}

= 2= RACH

1%

d 7Aoo s qlE (Preamble)S XU <k

e
X
X
i
:
)
1%
(7
L
=

{o
o
oft
o
T

dEl S uwx ebgel A, RACHO] H+tdhis wheE2 slld RACHE

oleh. 71

AR AEE LB = A B A7) RACH L8l el (Preamble)ol u}

Zx A A= AW E=(sequence)o]™, A= rE T PAE A F2=(Preamble

sequence) & ARE-SlE w2 Jhsetd AR hE RACH 3L 8l Al AE AFEEHA

U, e 257 gA1= G ks Sk (subcarrier) 9] RACH 2 8lE

= glo] wpgA gtk AR, B 62 RACH spdElo] ehidd Ajnx sr|Qle

Az Ad pEE wAdeoR wAW ol 74 2 AR TYddE

2ol RACH 21 (RACH Pilot)3 MM~ 38l (Access Pilot)o] AAQ HAEHoOo=R
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et o] ¢l wEE(short block)o] &ty o4 Eghe o] Q= 21& &Rl 4
ool A9 RACH #dsle a3 RACHY] F3 tfolwt &A8k= zlo] ofy e}
9o A= oA EAlEHA Hrk. B AA A= @' H' e Qlo]A
shibol 9l 279 wE o] EAskal 1ol RACH #HdElo] AEH = A5 9

=BT, o7l S wkx B4t Ame W Wold thre Wl

s,
<41> <2ﬂ2 /\a]/\] Oﬂ>
< QANA o AA RACH AL Falss dol glolA Ase] A% 9N 7

Aol ah= Frgow QdE WY A AT ARE 9o

>
Am
o
£
(i
o
N
N
H

EA o] ool s}, o]E &l CAZAC(Constant Amplitude Zero AutoCorrelation)
Al 27k AFEFE T, CAZAC A A== A GCL A A 2(F2 1)9} Zadof f-Chu A9 2=
(24 2)&2 782 +

[<=ot4 1]

JaMI(k+1)
N

c(k.N.AM)=exp ( -

<43> ) for odd N
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_ 2
c(lk.N. A= exp(—M )

<44> N for even N
(724 2]
c(k;N,M)ZeXp(jan(kJrl) )
<45> N for odd N
B 2
c(k;N,M)Zexp(% )
<46> for even N
<47> g | RACH(Random Access Channel )Y} SCH(Syncronization Channel)oll 4]
o Es Z1A 5] Sifi(unique) RS AEsh] fls] eHAom 21 54
sequence= AR Ao wiEASch. 9vkstE, Al A9 Aoyt AW SAleto]
A el IDE AEeh] Golet ¥ ooty ¥ B2 TRY AEAE ARSE 5 3
ornw Al2EL AAC Heehs Awshr] vy,
<48> ey, Al dolE AA ] | D= dAAE e g HAA

o Fe log, BFE FAFEE AR AR Dol ool HH IDTOE HlAA

E Adskzs doll dAZE Juk. webA, L AA]delA = AdAE B Ul dGE s
(short block)e® &8, AA] AFFdo]E(conjugate) HE= YA oA
(negation) 59 EAe x=4& 7telrinths Ads9 7 B0 dAEstax 8t

dolg o siEal= &2 A1 A Al@E=(short signature sequence)& %8317 =

gy, Farm, 62 i el ok Ald Ad dlojE e dE e A

=
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<49> Aol upel A dH AEE Sl FAISe HolHE dEste W
Y Ts s Fr A Adetd vaa 2.

<50> WA, Al a(sequence) 5 24 Jge) BEoR ka1 el 7 B
Holl, HAF dlolyol s|Ests &S A2y A A A(short signature sequenc
e)E A&t A, A7) &2 AU A AldaTE AE8H EYEY Z9e 1

=

CAZAC A 2~(long CAZAC sequence)S FHoto] FAISol] AEet HF 2 dolg A

51> oA\ A, 37 FE ATUA ARSI o] AR o] Fojdtka Ay
@ u) opefel e ATUA AEEC] AHgE F Qb ek, AU QRS 3

etz 2t dolE ghol ApEAel Jube 1 9o o@l ATuR AEekE Aol

A eiass
<52> 1) EEdo)lA Fh(Modulation values): {1+j, 1-j, -1-j, -14j}
<53> 2) A% Al X=(Exponential sequence): {lexp(jwo n)l, lexp(jwi n)l,

Lexp(jwen) 1, [exp(jwsn)1} 7] 4] n=0...Nso]il, Nsi= Z} E£5F2] o]

<54> 3) &A] dhetet= Al A~(Walsh Hadamard sequence): {[1111], [1-11-1],
[11-1-11, [1-1-111} <714, 559 4do] Ns7/| 48t} A Z} sequenceE WHFA|
AA Hdolgd Y.

<55> o]} o] 71 CAZAC Al z=ol dloly &S5 gk &2 A1y A AlE~

35-18

ZTE 1002-0297



<56>

<57>

<58>

<59>

M3 (Gray mapping)S o8 4 Av}. ole} T

2 CAZACO u]AH o] alET,

Galehol A= CAZACO dthgh IDE

T =l oA EnkR dE dolHE

223}

aly

st

AadAE e

RACH == SCHell =& 9 E-(preamble)d Ho|EHZE A&

Qe 8Y Fuw Awnd thed gl
> A9 AU A FTbel wE RE S ZIH7)
7Fset, g 329 St 49 v <l

A=) (log-likelihood ratio, LLR)Z AAbst}., 72¢l 2 Ad tzu) S E35)
Al AE HolHE Hog sy, = 83 e Al Falvtol A Al A Ao ul
£ S % (complexity)E L&, HAFwholA] ALY A A|fA2=R X452 A -

(exponential sequence)E& A}-83}=

A 2ol W2k (phase difference

o

WAl pae oglow, o

Fg]oll Mg (Fourier Transform)2 53]

o] ol Al A

ot

Ll SR

A o]

At oleleh A ATl 9
Fourier Transform)< &34l CAZAC ID #HM<
Al A =RE Al LIRS AlLleh =
rekstA e ¢ A,

B owhgo] &k JERoklld B AN
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<60>

<61>

A Aol glo]
EE

on
o,
N
N
o
ol
[d
s
e
i)y
<
2
>,
£
o)

Houbgol] oshd RACHY] F355/A7+5 A+

i
Mz
K

= o]

=l =
el ]

sk = 93, RACH Ago] Zgduz A5

et

o] Asjsirete ZutE thg o] RACHE e 5

Aol gy ™ QoS(Quality of Service) ZHAo] 7ui=L EIY

35-20

TEE wg e

“J RACH®l| ]

o] A AREE BlolubA 2= W9 el ofE ZhA A

LA el ofs g e Al

JOoBR JAIZFOF

Aol A &=
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= aA
oo Amsts B
A7) Aol Awe AS-, sl RACHE %3] =2 9E (preamble) Ho]EE
AEehs dA: 2
A7) Aol ek 7

1l O le}
(4 2]

A1l o)A,

A= po

AT s Ay dAs QgJae

e
=
S
o
Y
i
o

ZF

LIS
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(474 4]

Ao Ade Fab dolE A%
47 51
Adgol] 2ol A

7] dBeos sk o]ake] RACH 3B (RACH Pilot)d}
(Access Pilot)o] 2o sjtlo=r oty o] Q&=

9 WY A ALL Ee volg
A% g,
(%47 6]

Ay ARe B

&3l TAISol dolHE dEakE Wl lolAl,
A1 A F=(sequence) & A N9 8oz F

$7] FHAR 2t B, A%@ ol ot

7] Az ARt HEE BBzl
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Aol o)A,

A7 A2 AB=ER A~ JdA'"e] H#FS A 2u A AFA(short signature
sequence) 7} o] 8 H = A2 d® doly AL W,
(7% 8]

A7 LA,

A7) Ae AT ARaE ) pEE Be 59 2E s (lodulation
values) O & FAEE= Alm1ddy do)g A W,

(7% 9]

A7l o)A,

A7 A& AR AR aE AV FEE By g Agek Al
(Exponential sequence)@® TA¥i= A|2d9¥ dloly A% W,
(79 101

A7l o)A,

A7 2 AU A AlAaE A7 EE Y Y EA] stuviE A9
Z~(Walsh Hadamard sequence)® TAY = A2Es doly A5 Wi,
(4 11]

A6 WA A0 T o= 7 ol oA,

A7) A3 AlB2=E 71 CAZAC Al 2 (long CAZAC sequence)”} ©]-&% = A1
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(-4 121
Aearell Qlojal, 7] FaFomel oy Mol Sk

A7 A AEETE Al A1 AEAE Y 519 (channel coding) €=

A7 Ad m9EE doleE ¢lE YW (interleaving) sl WA
271 IR "oy S Al 1u| A M (signature mapping)ske WA, 2

A

aly

]_

Ol

A7 Al A wisgE dlo]H el CAZAC Al AE

A1zl AoA],

A7 Al A g ow aglo] g (Gray mapping)©] ©]8-F &= AlTrdd] |

B AL AR 7R HelEE 24 4 Bgow T Bew

A2 A|A~E FAS = GA;

A3 AAARs A7) Ao Beow FHss v W
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0% Agatel 4%

o
N
2
w
>,
[y
[>
1o
N
il
i)
flo
2
A}
>
[
[>
)
N
il
i)
=
18

(7% 15]

A1aetel oA,

A7l A2 AR==2 a2y e &2 Al A A A~(short signature

[+ 17]
A6l A o)A,

A7) A AR AA s 3T P

o
o

=9 Jlge RE34k(Modulation

jn
e
o
2
ofy
oL
i)

values) 0.2 FAHE Al149¥
(7 18]

A6l 2ol A,

A7) de AodA b @7 FEd e 5o Agsk Ads

(Exponential sequence)® JAE= Al24d9dw doly #<% HH.
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A6l A,
A7) e AR Afze Y] ElE B 5 @4 stdbeis A9
2~(Walsh Hadamard sequence)® J-A Y= A 249® doly AL =,
[ 20]
A1agrol] JolA, A7l A1 AlFB 29 Far] @A o]l

FAE A9 dol B 2 RE CAZAC ofelt]E FEatE v

FAE A2dy dolg25E 21 §AMEH](log-likelihood ratio)E AF&

Gl Ade dolEE v e 2 (Deinterleaving) dH= wHA); 2

71 gy ey deoly & e tlsiw (channel decoding)dbi= WA

£ vl xgels AlEy deld A .

QA
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[= 2]

BV

7 e HOvH

A

e o el
sl ly -

E

=
] LL, —
A=

i

dp
A
Apr
o
e
a8
=
s
2

b5

e E»E
it o =i

™
In
100

oE =

A2
ke

iy

G alae

e

Srelelp

il o a

B TrETre
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X 4a)

(swigp)
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-
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[%= 4b]

k&&

LB
RER

Bl Nad0

=
il
wL

=
=]

WO £

iz
oy

[

(swig s e
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[= 5]

RACH

= S (10ms)
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p—

T

%= 6]

1
g
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i

b

st

o

R i
E
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i
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CRCE R X

o
=

dlolg H4 W {Method for data
transferring through Random Access Channel}

Lo ghebkgh 4]

<1> I 12 OFDMA Al 2=¥loflA] RACHE St F dlolg A5 el A2 q,

2> L= 23 OFDMA A Z=®loll A RACHE &3t Tl dloly & Wi ve I
aq .

3> % 3a @ X 3bE OFDMA Al 2&®lo A RACHE Eok F dole A& o

<4> T 4a @ % 4b: OFDMA Al ~EloA] RACHE Eol = doly AL e
ETRE AAA 4

<5 X% 5% OFDMA A =®lol| A AF8-% &= & RACH 729 & 2 A d.

6> W 6a X 6by X 59 RACH 725 AARE Al7F 99 = F35 o oo

Al RACH A1 o5 7] 9gt AA]dE,

<7> T 7 OFDMA Al A=Blof|A] ARS-% = 2l RACH 732 g& 4 2AA]q),
<8> X 8a W X 8ht OFDMA A] ~¥lo|A] A8 %= 28 RACH 7+%9 = s <

9

rr

Boggol ) ALgHE TR uR FEE wA

=
e

H

<9>
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<19>

<20>

21>

<2>

(g o] =4]

(2ol Sob= 7lseol 9 1 okl TaVls
L e

sl #ek 3o,

GRE R P

A d (Random Access Channel,

lo

(uplink) Z7]7} o]F o= x] e g ol Al

olsh e AH WA AUNNE FAZAA A%

RACH) & whho]

Y| E ¢ o

A" oA Aol ;= AASE Sgste] volEE Agstt

(EEE
7871

18 ALgE .

Nwel A4 ANE ol ot

A £ YAEE A GolA B EHE AXE AEs G, dugo
2 e (preanble) WHHOR ALFOoEN WE 542 FAL,

Amplitude Zero AutoCorrelation) A|#HAAE &
(auto-correlation)® 749
Ag e

(cross—correlation) 2]

)2

Am

ur
AL
N
o
)
o2
rO
5
ko
-
it
K
%0

.

N Al 2~

59-7
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AEs 5EAAE

R

N
X
rr
N
O
il

AEESU AN

FABEA A2 A

A% 9

ek A1 HE CAZAC AD~ IDE 2n)

Floll QlojA] AEshaxl di=

ZTE 1002-0323



ZAgeba #7499l 24 glo] CAZAC A IDWo R vAA S dAwkel 5 glo},

A A RACHOI A= HU) 24bit7}A] aigdlof sl = =13k 59 CAZAC A&~ g

2 paAste dol o gel i, FAZNA R et vE GA FRE

rr
M
2
N
N,
0
i)

23> AL RS CAZAC AlB=9F A (Walsh) A|RA2E m=ET YT 3k(code
division multiplexing, CDM) '}Alo = Exo] AEdE= HORA, CAZAC A~
D= v & Arns g8skal M WAlos A5d Adas mAA Aun= &
Atk &= 12 A2YHE FAE] e SASAAA Y Heoly M8 AxE BEFO
2 =AEA vk, ey, AW CAZAC Al o] G Al AT HealAE S

. gwe ol wARe) WESE 94 AAze) Ao)7 KD w) logN =

(bit)oll E3atrh= <A 7k 9l

24> A= CAZAC Azl EA] AldAE HAste] dFehs AomA,

g

CAZAC A2 ID= v 13 An g 2128355 GA] AR AE WA A A= §A
ghek. X 2 3WW S 7Ash] f19k SASolA e dHoly J8 HAE S5o0R
LEASkaL Ak, ey, AR EA] Al ATF CAZAC A2 AEe FEow
2hg-ste] Al IDo] HEol ol o] EAstE R olF WAEHY] flE wh=A] Rk
5 AldaR dEHo ok d= dAI7E At

25> A4 L CAZAC A& 2~ol A F=(exponential) BL F3dl] s A~

]

?

ultl
N

=

Aot E5 2kl AwAdE FofsA v, DPSK,DQPSK, D&PSK 52 dHlojy WHEzE #

)

A Agets RomAl, CAZAC AA IDE B PR gnwe @8ata fxd A
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5 Hxsie] fAx Aru= &8s, = 3al Axe] Wil ok "ol WMz

26> Boh, ASYWE CAZAC AlF ol WA A Hitd BlZolA dFehe

oA ALS BAFI Y, E 4bE HuAdo] FojyE AA 5o BEo=m
AE = Al 2ol MAIX (P E ME)TE Bl Ag-E mAskL vt

27> ey, A A H A FE] Ald o] wsle)] wgkeiths
A7F 24

28> oo 9ok g FANL AAAs] e AE AowA, AR oA
Aol ol B A%sH QoA mm Az A4 AolE mY @89 5
AEH o = AR HolE A PHe AT dol 1 HHel Yo}

<9 Bowgel g BAe Wy AAs Adeld HolEE Agl gojA A
S AnFo) FdHAL A% HolEHst wol=y Adel FAAES s ==

A ze] dolE A2 e AFe o) .

<30> A7) A WA EAS G Ae 2 Iy a= AIAE GAsto] do
HE ALsts o #g oz, dolg Aol AE 715e = 7 F7)
HEE 7] = ARAE HolE At wAek, Y] HolE AddE s A

GAE Eerete] o] FFolxn, Y] ey A

gl

A HolEE S %5
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31>

<32>

Y= 7] CAZAC Al 2ol 242 A< (exponential) A|A2E Foto = 3%
.

A7 T AA AL EAsh] 9k B e d AAds dHoly dAEs
Aot = A|A2=E G ol T oA, Y] dHolEHE FAShH: 4
59 vEgel wet A EFo ASsts 2= Az 249 dHolE AT E

N

T et WAk, 7] oy AelE S= ARAE FAS dEehs dAE 2

Fate] ol FojAw, 4] mE ARz HolH AP 4] dolEE A

i
1

A BFo nEge] 191 A5, sd w50l AdEdte CAZAC AE=E Ad st
(conjugation)dl+= A o]},

oje} ol HF dlolHE FAstE 2t E59 v Ef wet g 2= A
A4S Fesh(conjugation) 7} o] AEHd A= AFAAES FASNA Hos)

ki W, FAlE dlolEel oA, A HA EFo it =7] dA(peak) S F

ojof &tw], 7] A2dA= HA FAgo] FdE B v &
A g (conjugation) ¥ AL HAAR A3 A(peak) & F45F=
A2-1GdA e}, FLg EEZE dis] A3 (conjugation)’} H A LU HAA=
A 23] A(peak) & FA s A2-2wkA] B A A=A} A=A F e MY

B5Ee) Maw ARG A2SUAE L),
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Dol wher 279 A= v
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file)
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~N

Aol el CAZAC A~

2=
= 7

A

Kl

Al 2=

<36>

1.
.

CAZAC A& =7} AE-

<37>

=
=

Alf 2~ ID(sequence ID)
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<38> A7VA, 7] A5 ID #et @Al 4 5= A2 Dol sk S5l o

Z WkAl WE T} = 9279

X
[

gto] I A (peak) & FA = WAC, A7 44
vamRY 4 B59 % IDE dofshs dAE x9kelv, 1 ID7F Febe A
2 5ol biste] A7 A FA dAE wEge s TE IDE ASolsis
AsE ¥ xekd 5 A,

<39> gk, 7] 2w 1D ot @AlE 4 3= Al Do) dldEtE Bl gl

<40> A7) MR BAE GAds] A 2 e E gE o AAdE dlolE
AEs ftt 22 AEAE e Wnel we oA, 7] dHolHE 48

<1> olml, 7] A% vlolEHE TAIE 2 R S B wES (=l

3= Al EAE M ZE(modulation) sl A

il

olo

TRbo] AlAA o] HEE T

(ilns

ol &

A, 7] Wz Wy o= PPM(Pulse Position Modulation)©] ©]-8-% = Zo] v}k
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= skt
<42> oje} o]l A& HlolHE TS B0l gk Al ZhZbel] didl PPM=
st THAZ HelHE Aletal olE Heetdhs W2, AlE dHolH ol
ek AJfs IDE AEshs a9k, 37 AEd A2 Dol gk vle] v
¥ ARDAE o]gdlo] S HlolglE mEd o)A (correlation) = WA, A7)
25 g deolHE sk 85 Ao ¥ A(peak) &
SAstE dA 2 AV SAE 9 A5 o]&dte] 7 550 g HolEgts Hest

Stz WAIE sEdske] o] FolAY, Y] dHolH it Hest wA= SA4HE 2 At

2
Ra
iz
Ju
o
2
(B
-
e
2
4
ol

rr
2
il
me!

el

wgtomn dolE wEe A9 o]y

<43> st A7) AA S FEAHOR AlLEE= 3= Alf@ A= CAZAC(Constant

<44> oal, % whgel] Hyd mwls Faste] b o] npgkz gl Aol o sl
A EHA AR e g,

<45> e M~ A€ (Random Access Channel, RACH)S- whdo] 7|A] =3} dH =
(uplink) §717F o] Fo] A A ek Aol A vEL A Fzatr] 98] AH84 = A

o2, vEA At WAl wel wEe] vy

ly
off
N
i
it
k]
=
2
tlo
N

Al=rol] Atdh= W4 (initial ranging) 3, UIEQ A0 HE5HE Az vt A e

o] whel UEL Fe] rujvuity Hitsk= WA (periodic ranging) &

f
-
Hr
s
ol
%o

o}, o714, AR A= ddo] UES AN AEFHA 572 o]Fa XAl A
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<46>

<47>

<48>

Fagh ofo]t(ID)E A&7 9o &2 ALY A, X = s 7o) &4
AV Ao RRE ARE FAEY] Y TREFS 273 (initiation) Al 7]

7] 91 =2 ARSET.

—

8] FA] A= 3GPP LTEo] oj¢ wf vhA] 5 7FA =2 - 4 =,

Am

whebo] RACHO A+rak wf AA4le]l i A(uplink) A&7F &7 @A el AS

ALEStE 5718k A+ R (synchronized access mode)®}, &7] SHAIE ™

2
3
o

S A § F7] 78 (update) 7t o] Fo] A A kS A foll AMEE = WAl o
o, s71g A Re= 7] F7134 fHF(periodic ranging) ¥ 22 Jideolw,

o s, FrIer A R owdo] VX oy g A(uplink) 5715 H
ol e AgE 1A st L 7Pl whel RACHO] QolA HE Al 7H(Guard
time)9] AgrE gsletty. o2 Qdd v B A-FT3 AU (time-frequency

resource) S A8 F =4, 3GPP LTENAE =73 H EoA] dE A~
of ol

8 T HE Alf A~(preamble sequence)ol] Aok WAl %] (24bits ©]A)E T

o,

%,
h)

N

N
flo
off
~

)
=
off
~
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r
H
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]
2
I
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Sohd A RACHS] W] o
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<49> % 5% FE OFDMA Al Z=¥lol A AME-¥ = RACH -5 dAAdE

1

Al

=

A

ojt}. LHolA B RACHE A9 wb4o] ule} A 7bHo = N9 A8 2y

]
b
%2

(subframe) o2 F-a x|, F35-502 N9 T34 ggdor HoteEs <

=

U}, RACHEY] AAl WIni= MACON A9l QoS Q7 Ao wbd A xi=d, Iz o
2 Y ms G9E g A e Sl ops W9 R gk A Aldoe] AAdEY. o=
ole] /9 subcarrier HE U2 RACHE A ASFo] @7t 58 Fo]l= FFo|v).
<50> = 59 & RACH =04 499 AH =gl AIZ-F3 A (Time-

Frequency Resource, TFR)©]2} sto] dojy HE2] 7] w97l Bk, = Ga= 9]

e 2 TFRoll A g AolA] g AAA~ AT E A dHE A6 Ja, =
b= T d oA RACH A152 A 2 w=A & v},
51> X BaollA] BT AlZF oA Ay A~ ATE MG A Foll= B

2} OFDM A= o] kg atol] AEslaixt oh= AE AA|s A S Ay, upehA

RS o] Fi= 7 28 Apelo] AmAlo] 455, Ad F4 Eet golai s

il

T U,
<s52> X 72 Eel OFDMA Al ¥loll A AR§-w)i= RACH 722 thE A& A
gl Zolt}, oA RE, ARHE FHY Y= (attached wideband pilot)<]

RACH M 2~E —ZF(RACH burst duration) % TDM/FDM ¥2] =1 TDM *g-2]of|A] &3] 3%

>,
o

998 bt FAH a7} A FRHES ASPL U

-+
%0,
K
1
=
A
I
rht
o
=
18
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| s

9

3L

(e}

ol A

TDM/FDM

1.

-

34 & (embedded wideband pilot)oll Al

on

RACH =< = o}

] ME-(preamble)o] A&

.

1.

3T

AE A AW (Channel Quality

i

°
gl

AF8-5F o =2 a4 RACHS)
ol

< o)

=]
Z] OFDMA A] Z:®lol| A A}-E-5

A

=

[

[e)

==

1.

.

= 8b

o] £ e RACH
i=1]

8a

[e=]
=

A A g o 2= RACHO] WA A 7} F=7}5]
&

-
T
Information,

<53>

05

o

B AAdol A AR A ZE Pejo] 75se] Pkt o F

g

o~

aol| A 1

s
.

4 F712 @B % (short block) TS

o)tk @ uj,

<54>

w
B
oF

F L Al

9

[*)

e

QA
H

i RNESE Y
Z

.
R

g
Ho=z

[

J 757019 F-wkEs; F 3 ool 257 Bk

&

e
=7

a1

&l
5

Fol A

el

I8

H|

=

=1

=

=
AN

8boll A 1.

)
-

A 5ho 24 (o]

s
gS HEZ YA (multiplexing)

<55>

.

el

1o}, weA
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e

il

&
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—

24 "1y AEE g 2 AREH dEs Ee ¢ .

<56> o] Aol A, YFel FFxo] RACHE &3l 2 UL (preamble)d}, 38l A1
(pilot)E YA 57 vlol® AKX (timimg information), ¥YHA A s Hn
(uplink resource allocation information) ¥ = dHo|E (uplink data) 5
A A 7F AEE F Adas AT Rk,

<57> ol -‘?ﬂ

=
=
e
offt
_—<|>L_'4

o,
~

I
i)

e

]I
_L
=
l
W
1%
=
f
N
ofy
i)
&
k1
%0,
ki

Wi, ool & EYPE AES 9ok B g CAZAC ARE M el

s8> A WA Aol A FaS0l AE Ame] A4 912 AN ok o

<595 oA 7|A, HAAF] BB (preamble)> 4l A|&H®loA =7] 7] A7, A
A, Fuk oAl 8l Al FA 5o HHews AR HE YlE Al@(reference
signal)ZE 7}g]171W, A=¢(cellular) o554 Al A" A= gl o Wkl A
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2 8l AEdd 540 F2 AT AR = Aol mpgA st ol 93]
o]l str}vt= 5= (binary hardamard code)Yt TH9]%d(poly-phase) CAZAC(Constant
Amplitude Zero Auto—Correlation) A&7} ALgE 4 9o o] = E3 CAZAC
Al 2= A7 (auto-correlation)?] -4 tlg-2@E(Dirac-Delta) 5= 34
A Aaae THRERR AE 540 e

Z(cross—correlation) 2]

R
Ao FGrpka v},
<60> CAZAC A B ~= vge3 o] IA GCL AlA A2 19} Zadoff-Chu A& 2~
(72 2)2 Fd 7 Q.
[5=ok4] 1]
A (+ 1
c(k;N,M):exp(—‘] ( ) )
<61> N for odd N
A K
c(k;N,M)—exp(—ij )
<62> N for even N
[573t2] 2]
AT+ 1
C(k;N,M):eXp(J ( ) )
<63> N for odd N
A ke
C(k,N,M):eXp(J— )
<64> N for even N
<65> A7) FAER BB CAZAC AAAE 1 dolzl N9l A9 AAw ARE
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U= A= N-17 0l SR AS 4 5 A

<66> <2ﬂl /\a]/\] Oﬂ>
<67> wpepa B A A do A= CAZAC A2 c(k)ol] 2R REHOoA AlFA~

m(k)E wahs WA o= JAE CAZAC AlE 2 p(k)E Ato=xn AAR A8 7}

sk AAAY ANF5E 19 St =, CAZAC AR AR Zadof f-Chu A A ~7)

>

e oar 7Sk CAZAC A2 c(k), BEHOIA A2 m(k) 2 AE CAZAC

ARz poE e 4 3, £4 4 2 £4 52 27 gejE 9

<68> CAZAC }\]:?;]-}l .
- _|_1
c(k;N,J\J)ZeXp(‘]Wk(k ) )
<69> N
[5=at2 4]
<70> EE#H o)A Al A(modulation sequence) :
2
;mv(k)—-:—:xp(Jm3 k)
<71> N
(54 5]
<72> RAE CAZAC AN BA(HEE A8 Zegs) ¢
AL 210
p(k)zc(k)*m(k)zexp(f— k(he+1)+2=2 k)
<73> N N
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<74>

<75>

<76>

MM E CAZAC Al &2~ pk)= CAZAC Al 2=9 A7) -(auto—correlation) ™}

=

-

¢ 43 (cross—correlation) 54AS =2 FA gt} vS29 +2 62 pk)e A

o
o

73 5L wmolFn glon HE At vg-dek(Dirac-delta) 9

= il

N
o

& Ao, 53] mEdelid A w7t dARE 43 (phase) S 7HA = Al

Q1 A9 QA o] A gw HAol FARGE Hel 540 9

ad (d) = Yexp( L (k+d)(k+d+1) + 22 (ﬁ:+d}j

ep( i kik+1) L A]

= EeXp(‘;JM (2dk +d{d+1)) +J—“”‘3'dj

i1
el
oo
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celd) =
, ‘g”M i 2T )
m( 2L (k) +d+1) +-202 (4 a)
<77>
<78> oA7NA G2 7T 72 63 FAReE Ao R Boly, Ado] A (summation) €S

At R 27 el A9 w4l XS (exponential) §Oo® YERFE ® nlE], A
STl AgoE 7 oAEaY o= YEyE S ¢ 5 . 1 FollA A
HA FE A= (seed) o] xQ1 T TFE CAZAC Al@A~olal, F WA & vagh

A5 @ol, olmyH T AAsY we F& AF FF

o
)
ol
il
-
5&
rr
N
o
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<79 CAZAC A2tz A7)4kko] vlet=wlEk(Dirac—delta) 54 < 7HX5t 217]

ITM g4y 4 B2 df)zjexpf{;\;,—‘l (k+d) A+d+1ﬁ)
4

<80>

<51 o714, (/N Z717F A 1913 45§ (exponentiaD % =17]7h 1
o] 7] W&o s AT @ 1= nAYS 4 5 At

- A%, 54 59 2ol AME AAxL T CAC Adzg H4e anw

FASAA ;=9 NG Folus anE A " ot AF W wEks

ool Aol Az Frelol Wy JAelA] ek d(circular shif)e 44¢ 2
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I sdstH, o= F AIE FAoA A Al ~(exponential sequence)E H SR

<83> =, A= #ol Fdst 5 OAFE2 p(koM N, dDF p(ksM,N,d2)e] A

(correlation)2 s, AsAA] oA HHo] d7F d1-d27} H= #] Aol A

Al ~E F=38A] A (circular shift)gh Ay sdgt A3E 7HA, ol& &l F7F
o Wzl W FRX AL AL3al vhA| FFgel] ouets e Ha glo] 7 sl

A5} (exponential )& ¥abs Heheh dapptom greldr 4 Qubs AolA 2 A
Alalle] 2w 7E 9l

<84> olgloll A= FEo] m= A|@zol] AR dolE AE Flato] Ze Qi
dolg A ANHEE Foli= W2, 3 AAd) 9 deolg st T AEE v
S Azl Aol AAE s R4, 5 AAldD dis A nr]e

b, o7, AT sE A AR CAZAC A 7E AR = A A2 WA AL A

<85> S, A2 AAd WA A5 AAdAN FEHOR A4HE AE dolH
=, =i TxE AWnse @),

<86> 3GPP LTEOﬂ/ﬂ %QQ% %

r)
>

3
T
=2
>
rr
+
>,
|\
i
2,

ud
=
o
An)
]
oo
o
o
o
X
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)
~
file}
rJ
&L

glolA] v =

q <%0

A&
1o

59

1

A
f s

<87>

il

<H

PAe W A)Eto] OFDM

il OFDM A4 <o) w}] 2t

S

% 9

=

Eds

(Multipath)oll tj

]

o] X

=
na

°]

7] OFDM

ool vhed o) 1Ago] o]

whepA]

het.

9

A8

=

=

Agromm e Ze Ao o

X2

CP(Cyclic prefix)
-

T
R

°]

=

)=
Fatol Ch=

o]
%

k¢)

A+

L

;OE
0
o

.
L e g A

ZTE 1002-0340

u

Gom Fis

o} ]

©

37 S < R

Y

)
=

O

1o

A 7ol

-

R

}5

d ol

T
=
—_— =2

1.

) TV E TR

Interference)

}
59-24

O

L

o)
=

sch.

&4

3

A% A ok

q -
2} A
i

9 (Inter—Symbol
=

o] wm}

}31 CPrkA
Tol o

o

A, CP7F A=A

olx FtwlE FxE

o)

olge] A2 WA A5 A A

ANA, AHSE

3

a4 o]

5

o,

=

= AdaE AN
o] 322 Texs

A~
S
Pt e
=0
<

o

T

o

<88>
<89>



<90> <3ﬂ 2 /\a]/\] Oﬂ>

91> Adulz] oz dolEE AL YA HolHE FASHE AE Algo] A

(conjugation) & ol 4@ttt Aelshel A% Awsh e A Ass Azib] 94
o WsFo] vg AEE AF AEg e Jeol Wakel Adel JPw BT
S volE Ao AANMe =Y F Aok Ay AASE ® 02 Fuw 295

W ovhes 2k,

<92 EHoA] B HEe HolHE HAE Ao TR uel A2F Jg(o] &)
A 4] BEFoR RS AS-, 19 32 7HA = ESol ulsl slld CAZAC A&

2 Adgstel AL WA 09 ge AL BEL agE Asdd. o,
7] CAZAC AR zolA AesHs FEe A% dolge] dojo] 43t 11 o)

o] whel CAZAC Al TollA 19 #h& 7HX= 54 500 sidsls 457 A

sl S Y3, As dolEe 7 BE ol g e old thael

CAZAC Al 2= FolA 19 ke 7MA = 54 E5Fol dldst= CAZAC A|A2=7F Ad
g4 = Jdo
<93> S, FASoA = AN AA AAzo] HystE Po] flEs wes)

o SRS AT AE FolEY 1M B diste] A4F dvds o4

Xt
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1
ol
B
E=1
T

(S1103),
Al 27}
(S1104)

Eq

=
=
-

tol 5+ = &

1

1-

9

4

=

$-(S1109)° thal] zt2}+ o

oju 2

=
=

]ﬂ]7
(@]

-

I Adsrr S A

[

s 3=

s

[e)

S

7

=
=

14
1

¥ =

15 Bl o
19

o

9

et} FARA ke

(S1105) Z}Ztell o

[e)
o

$-

o] A==
%
o,
=i
=

o

R

oF
e
(S1108)

o

T

1

53 2 E5E A AR
A B g} (S1106) .

S B

(S1107),

SEESICE R
=X
5}

= vh e

o] s

Zo A s} (S1110).

A 5 2

T
b

i
file}

o)
i:i
il

)

E

AD(A2 A A

T

T

94

e}

)=]
2EEA ]

<AIZ A A >

2 (A1 Al 2)

<95>
<96>

M

il
N
)

—

il

i+

of
ﬁo

o

NF

1 Ao A2 A E

sk )

0%

=

=

Z~9] 1D)

A2 A

1

L

Al 2~ ID(AT Al 2~2] 1D &

i

5]
pa

]

[e)

o]
s

o sl

A
~

el
;oD
Mho
o7
gl
X

X

] 3l Lm0

7] A2 A A o

.AO

ol

op

1l

~
o

dleol g =

o]

o4&

A=
—=

o] 12sl® AA
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<97> =, BE AlFEAE T Y AR ARAAM(T A B A2 AEA)E o

A shve] 1E "{eo(M), (kM) M o= FAIETGL j5 AR U8 4. o

714, co(kiM;) = BF 30

gl

=) 02 919 Al Al 2o, ok 5%

r

12 919 A2 AlAzolt, ofu], 4] 1FS o] %

l

7 An ARzE A% ol

.

Bl o] Zolell 5= 11 Aolo] CAZAC A7t AH8E = Qar, A dolE 9

b B Aefol Aeshe d@e dole) CAZAC A7 AHSdE T Tt

\i

o8> g FASoAE 7F B2e) Al DR Folstil, sfoly Alf A [DER

d

olFol A AR 1D AERRE 7 B e Adse) (A1 AAAAA A2

o AL w138 Fuw AAsA Agstd e 2o
<99> TAS A E ADAT FAEE SiE A|EAE FASE 4 BEEE AH

2~ IDE 3etshal(S1301), ol g Al dotdl Al IDe= 7S A#Es 1D AlE

S

of diall ¥ =(peak)E FATTH(S1302). 7|4, T REA} 52 5 A5 AE

3} (S1303) s 3=

i

WA E ARAE 42 A7) IS FASRE AL A

A B A2 AEAR gofeiv, o, A1 Al B A2 AJEAE 2 29
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<100>

<101>

<102>

<103>

T IDE x9Sk, ZE=gF 02 7HE7IE Al 1E IDeF =g 18 7Y A2
i IDE et g vk A=, QY] S1303 '@HAlE Ssl A4 B 15 IDE
ofksl 4= QJIL(S1304), ©l& F3l Zt 559 I=gks Zold 5 A FTH(S1308).

whef . Hool AoA erF Bl 1% IDE Hord ¢ gle AlEE

gl EAsE A, NG Ads DES Ao tetelw B 928 w5

(S1305) = & ™3k ¥ a2 Ao (S1306) LEEE 15 IDE YA ot
tH(S1307). ©o]ojA, ety F IDER HE Y EE9 mzghl zold = 9l

t}(S1308).
<A|4 A A] >

A AAdE 5 sk shvel ae el ded 5 i vlolE Y

THESTS S7HE 5 Ak, e B0l A3 AAjdoA e} o] 279 AlA=E
shube] aFom A AS BEE9 E dHoHE Asd £ Jdar, 4719 A
A=E shvel aFom Aok A9 BT 29 E HolHE AES 5 o,

ol

g9 ARSE Shbe] IHOR Ao Aot BEY 320 dolHE A%
ok, R, g5 ARAE 0% AoA shbel AER golss] uRe] 7
AR2e] Aok FebA ol malste] A8 e 1R FE FolEA Hi ¥
];G o] o]tq_

ubeba], A Thse 1FS 587 Y8 A#Rse delg A4 daA
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<104> WMoA s 7 BEel 2vEe] dlolH o] FolAt A$E 53] dAsia
Ak, WA, ZF Bl ek Al 2HS AR GE 479 CAZAC AR T

AR, 7|4 7] AL 2FS TASE 2 CAZAC AR AE 47HA A9 #k

& FHAACL FuE ol wet 1F /% AAok AW, 7 A 2 74Tl
A Qi g9l G Folnl BAE S, webd, = 1404 n%
of 7} CAZAC AlRe] Aole Wad wE gAHE, dold AFAlel 77

CAZAC Al 2o AA 2] dio]lE 718le] AESTowM Z CAZAC A|B A TH 59
AL §4 A2},
105> hl, FASelAE Zh CAZAC ARSI A FRS Geeln thibs A

of wAske] s BEel D setele], g UK DRRE 2= B )

<106> FAFAA = AlA2= FAEE sl AdaE FAASE 4 ES5EY A
22 IDE F0}elai(S1501), o]g Al gotdl Ald2 IDER FAHE AR 1D AME
of disll ¥ A (peak) S FAQATI(S1502). ¥ AAdoA = Fbe] BEFo] wdss
| E7) 270l =2 00,01,10,118 % A7) g A1 AJA2, A2 AdA2, A3 Al
A A4 AP B RS @AE g

e HAE AEsielof @Th(S1503). o714, AEE 2t WIS ALY/ FA
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B ANA e Aol whel A2 AL A, A2 Al A3 AR, A4 A

Aaw msgE. Bk, Al AR WA A4 AEAE 4 Ao 1w IDE O

g

Astd, s1=F 002 771 Al 2 1D, s=gk 012 7H 7= A2 s 1D,

=3k 108 7e)l71= A3 1% 1D, ZE=FF 118 71871 A4 18 D= F2e

T oAdv. Aer, A7) S1503 WAlE FEl F =59 LE IDE e g )l
(S154), ol& F3l 7 59 =g Zobd 5 A AT (S1508).
<107> wkef, mosh AN et wAsel s IDE ferdt 7 gl Al

IDE©°] A5 A5, dld Ad2 IDEQ AME gistalwt g 935 @5
(S1505) 1 & gk 4719 Y3 S5 FHAEI(S1506) 12EE 1% IDE YA 3

FGITH(SIS0T). ololAl, shebdl TF DEZ T AF BHe mEge sopd

b

ATH(S1508) .

<108> <A|5 2 A] o>

<109> A3 AA]d = A4 AA S ghF ] ggEH PPM(Pulse Position
Modulation)& &3l 4Alee] YAE WA FI oM A|A20] o5 =g owr o
et g vk, ) PPN A E QD Bz A AL JHAEA HolHE AEEs V]

Hol A A|A 29 Az X2 7|Hlo R PPMS A Loy, 2 AAGE & 168

<ti0- ANAZEe A%D dolde nEFs A4EE, AF delHe Al Aga

AAE AEstn g Adso] PIS 4835 e BEY ol 0 7 B

—~

TAREE TR dolE A4wt. 9RAoR ZIRRS M Wi 7} 25

59-30

ZTE 1002-0346



<111>

<112>

A7) oA Ao o8] Hm FREUE o)

& £o], dhte] AEAE VY ES(EST-ESH)CRE 78 4 ES
AR 2bitE FdAeoa Zpgskd 00, 01, 10, 119 #S mdAsy] A 2 B=
2 oA A PR TRM) 08 Urroj A of ghtl, olw), sl B o) g
oA Pk Sl BEOl ASEs Aol Ug EeAe) AR R 91X
2 ol g, wreof, AFd ZEdue F dolrt 256 ok ¥, 512 0~63
B9 64~127, BEE32 128~195, B34 196~255714 9] 84 A e 7td
ATt A7l ZEiEe] AEe A8 54 AAx7 AAHS BE518 Tl
"00"S AFEE A BE19 PH0~15)0] AF YA LEE DAL &
FAAAN 5, BF2el] 10" e AEste A9 BH29 FI3(96~11D 00 A1 A

‘A
NA22E ERAAAZY. o] How Unx Belo] feiiR

m{m

A(ARAZAA2DE SR Agote] st =z

TFRAFoNA = AER2 A|AAE oy Agste] siE AA~E T4
AB ADAAFDA1~A DA
Zrolyl o 24 HlolHE &5 s}glt,

Edds
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<113> FAIS AJA=TE A

ue

(81701) siE Al 29 IDE H=31a1(S1703),
HAz2E AHE o) 8ste] T4l A (FAlE AR~ A g &g doly A
g2 FdY o)l (correlation)S =3gFc}(full correlation)(S1705). ojuw], A7]
AlF 2~ 1D HA=S 8 AA A (full search) €ald]ss T Aolgk A
(differential search) &i1g]&Eo] AFEE 4 U},

<114> TAE AT = FASFA gy ARARE FAGe o] il ] 24
do] A (correlation) FAL A A= v HIaE Eghert)y. B 2 A d o] A
= AN A7 AEHEE, olek #Zol HEd 4 v dgte] ES1-E54 T
oW LB siEst=A, 2Yal sie 559 oW 1ol sjdst=AE S5k
EA(S1709) ¢l HolE 2] W= sAjef mERE Rooheh g U(S171D).

<115> o], RACHE &3l Ze|E Ald2=9t vAAE o= dEst= ol

gis] Atsnolty, wpxeto x| ARSA @ (User Equipment, UE)©] 7]#] = (Node-

sl AR Qon, ofel Al AN} dEges | 489 5 9l

<16 R WA= ALgA whre] Ao @ we] AT o ErlsbE = waot),

A Z AEEA(SI801), 7 A =S AbgAF @b glolw AW E AEH(S1803) 3

Aol 49 deld AFS Sld ANL BYFHI(SI05), AER wEe dPw
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<> F oAl B8 A6 ASA W] JA Tl F ow gEeks waolt,

QTH(S1813) . AFEA Tl Y] @k AdE B v Aol 2AEE 2] S

N

Aot v AE AEEFaL(S1815), & FFT VA= vA] AREA vt - =

I

Holg AES 9ot APL Fsri(S1817). ©]9F o] T A= dutwE AJL
Sl AR @ VAo R A HolHE ST (S1819).

<118> ool A Al & g2, ¥ o] &k JEEokol A g AAE

o]
@, WY W Aol Awstes ded Ad W AvE wee o @gH: 2

1o wowge] oo, WY WA AN = Adsd B g =

U gadon e 4 vk, Hel, S Alf o] 249 dHoly AdE vhgte

24 AEd AR U7 @l wol=u Aldel] e A =S & 5 .
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g A st w

7] "ol Ag® mE A@sR dolE

i

EEste A Hs AYe Fa ey F4 P,

= AlFA A= CAZAC(Constant Amplitude Zero Autocorrelation) A&

29 g B0 sz AW A2 AL B HolE S P,

271 dlolEl A gle A7) CAZAC Al 2ol 249 A4 (exponential) Al 2

= FHonA Fdds AL SR sk Y A Ade S HolH F4l

T

i
("< 4]
Aol o)A,

A7 dlolg AeeE Y Z= A@A7) A7) A3 (auto-correlation) H
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Ao B A (cross—correlation)2 A= FA 2

A oA AN Fok dlold Fa .

(74 51

d WA A4 T ool ok

ol 2LolAl,

A7 A= AlFAAE TP E(preamble) & o] &%= A

47 delE g TAsE 7t BEe
= ARz 24 dolE A#E

A7) HolE AeE mE ARAE

=
=

H

ot AW S AL B@

(< 71

s Wd A AP B dlolE S .

[+ 8]
A7kl QojA, Ar] =A@ dHolE A=

&7 dolEE FAskE 54 E59 nlERe] 19 A4
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o
o

Sl CAZAC Al 2~E A# g (conjugation)sli= AYES EHOo=Z 31 Ay I~

o] A#lg(conjugation) ¥ = AJS EHFHOR = dE A= AQd

@ Aole] vhgre] CAZAC AlF 2 oA mEgke] 191 E5ol 4§

TH 2

]_

ol
e
A

Qe BHow s AY AAA A

4 CAZAC A ~7F A g (conjugation) ™ = 3 o

o] AbE 7= APAE Bostsls WHol glojA,
FA1E dolEol oA, A A B digh =] 9 A(peak)E T4 =

A 1A

92 FAo] FAE BH the wwe) Bso ol 3 A(peal)E FA B
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d
=2
X
iss
B
(T
o
A
J
2
o
I
N
)
X
o
N
2
Do
T,
a)
]
Jas
Z,
I
o
ol
rr
2
wW
i

a)

AL YolA

B A WA BHe G 002 HAH] FAHE AL o Fi A
g s AL B dolE S g,
(47 13)

A12ael] oA, A7) A2ekA =

92 FAo] FAR BRI thg owe]l B s A5 (conjugation)

off
1o
)
il
H
il
2
i)
__oé
jih3
&
2
(@}
@]
2.
jom
i
o
&
=
2
AN
N,
i
X
52
32
alie
filo
2L

A2 A2+ =

A7) AlEAsh Azela F 2 &9 sd BEe faz 24sks 25w
Ag e AW A LS Bk dolE 4l Uy

ol HAES 93 7= A|DAS ggat= ol Qo)A

7] delgE A 2 =59 gkl whel 54 AJAAVE e 9l

e
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P Al Al Ade Tk oy FA4 8.

Al A~F CAZAC(Constant Amplitude Zero Autocorrelation) Al

o B WY AAs YL E@ volE H4 .

A5 A A,

47 mE AfsE A7) dHelEE pAdE 7 BEol w

3..000 wel 29 ANE ge ARAAE Fotsls 1FoR o] Fo]Xn,

47 5A Az due 7 BRY vEgd 385 54 AU9SE

) aEeld dEas A9e 5Ho% st AW A AEe

i

[+ 17]
A 16l oA,

A7) AEE 7 ARsT AR BPALS fASEA FHARS dold A e

5 s WAE v 2eehe A" QA AdE wek dolE Al P
(< 18]

A7 AoAT

A7l AdeE A AEas a4 AL dEolE Al mAAoR THE RS
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oZ
%

dolg A= 31e 5Po7 gt dd A~ Ads S5 oy &4l

[7d-4 19]

A169 Bi= #1790l Qo] A,

A7) gl TEEE AAAE @Y BE olo &L CAZAC AAATY) A

w2 oohs dY A Ade Eet doly $4l W

54 Az AuE E& 2

o)

kel A
= Hostelis Wel oA,
J ol o] E58 Al ID(sequence ID)E Fobsl= whAl;

A7) metEl = AlfEA IDEY AEZNFY ZF 5529 15 [ID(group ID)E

(77 221

=

A1l AolA, &7 5 1D dkef WA=
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I

A7) Ford = AlAA IDEQ AERRTE ¥ F(peak)Z A E A

e

A7) FAE A T A NETF 2 29 FARYE 4 559 a5 1D

ok
%

= xddls AE M Ade S oy

i
ol
>

[7d -4 23]
A22aFol QoA
15 ID7F FebE A ek mE A IDEQ AMEC diste] A7) d=1 54

AR wHERte 2 T IDE Aldtetels @S o xdkehs A A Al

H

A 21l oA, &7 1 1D ol ©Al=

ik

7y F= AA2s IDEY M E dgte] A (peak) s F8t= oA

A F gy NEY 2 2 (n=1,2,3.. )09 MAaRRE 7

o

b7 4

o

i)

2o 1% 1D gotshs @)

& wgshs WE A4S AL FE dolE S R

H

A 24 oA,

% ID7F FerE A ko I Al A IDEQ A E Uste] A 33 FH
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WAE MEGoRa 1F IDE ATls: @A U meehs AF s A

271 "Hol® Add 4 Adas THste] pASsom AEshs 9

St WE oA ALS B dolE S .

A7) m= Al 2~2 CAZAC(Constant Amplitude Zero Autocorrelation) A

2o olgRE A% HRow s AW A4 AYE B dolE S .

A27 N A A,

A7) A% delug pAsE 4 BRS MY 859 WES ah=l, 2,

3,000 wE 29 Frro® PR,

il
i
=

A7) ol A 54 BRo 54 P A% Hus oY

A&t AlE 228 HZE(modulation)shis AU S HEH O R =
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M "3 o % PPM(Pulse Position Modulation)©]

gHE AL

Am

3
o= Bt WH A AYL B volE HA g,

Qg

(7% 301

= o= ©HAl
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