TO: eoffice@vklaw.com

FROM: noreply@uspto.gov

CC:  patentcenter_eofficeaction@uspto.gov

SUBJECT: USPTO: Patent Electronic System - Correspondence Notification for Customer Number 3624

Mon Apr 29 05:05:59 EDT 2024

Dear Patent Center Customer:
Correspondence Address:

VOLPE KOENIG

30 SOUTH 17TH STREET, 18TH FLOOR
PHILADELPHIA,PENNSYLVANIA,19103
UNITED STATES

This is a courtesy notification regarding the following USPTO patent
application(s) associated with your Customer Number, 3624, that have new
outgoing correspondence. This correspondence is now available for viewing in
Patent Center.

The official date of notification of the outgoing correspondence will be indicated
on the form (e.g., PTOL-90) accompanying the correspondence.

Disclaimer:
The list of documents shown below are provided as a courtesy and is not part of
the official file wrapper. The content of the images shown in the Image File

Wrapper is the official record.

04/2/7/2024

04/2//2024
04/2/7/2024

To view your correspondence online, please sign in to Patent Geanter and then

select Workbench/View correspondence. To update your email address(es),
select Manage/Manage customer numbers.

If you have any questions, please contact the Patant Electronic Business Cenlar
(EBC) at ebc@uspto.gov or 866-217-9197 Monday — Friday, 6 a.m. to midnight
ET.

Please do not reply to this email as it was sent from an unmonitored mailbox.
Sincerely,
The Patent Center Team
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P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR/ ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
14/372,363 07/15/2014 Young, Philip IPW2-USAP205496
EXAMINER
VOLPE KOENIG —
30 SOUTH 17TH STREET, 18TH FLOOR
PHILADELPHIA, PA 19103 ART UNIT PAPER
20240427-
- 9EGKUA

DATE MAILED: 27 April 2024

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

PTO-90C (Rev.04-03)
IPR2025-00220

Exhibit 2005
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Notice of Potential Erroneous Release of Patent Application Titles

On February 5, 2024, the United States Patent and Trademark Office (USPTO), replaced the
Electronic Patent Assignment System (EPAS) and Electronic Trademark Assignment System
(ETAS) with Assignment Center.

Between February 5, 2024 and March 29,2024, the USPTO, unintentionally, through a computer
programming error, permitted bibliographic information to be viewed by unauthorized individuals
with access to registered Assignment Centeraccounts. Thisbibliographic information was limited
to the application number (the two-digit series code plus the six-digit serial number) and title of
the invention.

You are receiving this notification because your application’s patent title may have been viewed
during that time frame by individual(s) who lacked permission to do so. The software error was
first reproduced by USPTO on March 28, 2024, and was corrected on March 29, 2024. Only
application numbers and titles were disclosed; it is important to note that your specification and
claims were not part of the information made available and were not accessed.

Any improper access of the application information between the dates of February 5, 2024 and
March 29, 2024, is not considered a publication of such applications under 35 U.S.C. 122(b). No
rights in United States patents are threatened by the access to unpublished applications. It is
extremely unlikely that the title could disclose the invention in a way that would constitu te patent-
defeating prior art in any jurisdiction. To the extent any issue is raised, the USPTO will assist
applicants by confirming that the disclosure was erroneous and inadvertent.

We’re committed to data security and are taking enhanced steps to prevent incidents such as this
from happening in the future. The USPTO sincerely regrets this error and is instituting more
testing controls, both manual and automated testing, to prevent similar processing errors in the
future.

Inquiries regarding this matter may be directed to Mark Polutta, Senior Legal Advisor, at (571)
272-7709 or Andrew Stclair, Legal AdVlSOI‘ at (57 1) 270 0238, both of the Office of Patent Legal
Administration or via email addressed to Fatgut Pragtive @ usy

ERGL g0V

Henry “Jamie” Holcombe
Chief Information Officer
US Patent and Trademark Office
Offlce +1 (571 272 9400

usplo
\1\\\\ \\\\\\\\\\

Dated: April 27%, 2024
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To: eoffice@volpe-koenig.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 3624

Jan 18, 2019 04:20:25 AM
Dear PAIR Customer:

VOLPE AND KOENIG, P.C.

30 SOUTH 17TH STREET, 18th Floor
PHILADELPHIA, PA 19103

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 3624 , have new

outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
14372363 ABN 01/18/2019 IPW2-USAP205496

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

IPR2025-00220 Exhibit 2005
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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. |

14/372,363 07/15/2014 Philip Young [PW2-USAP205496 1411
3624 7590 01/18/2019 | A AMINGR |
VOLPE AND KOENIG, P.C.
30 SOUTH 17TH STREET, 18th Floor WOOD, JONATHAN
PHILADELPHIA, PA 19103

| ART UNIT | PAPER NUMBER |

2415
| NOTIFICATION DATE | DELIVERY MODE |
01/18/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

eoffice @volpe-koenig.com

PTOL-90A (Rev. 04/07)
IPR2025-00220 Exhibit 2005 Page 5 of 640



Application No. Applicant(s)
. 14/372,363 Young, Philip
Notice of Abandonment Examiner Art Unit
JONATHAN WOOD 2415

-- The MAILING DATE of this communication appears orn the cover sheet with the correspondence address--

This application is abandoned in view of:

1. ¥} Applicant's failure to timely file a proper reply to the Office letter mailed on 14 June 2018.
@A reply was received on (with a Certificate of Mailing or Transmission dated ), which is after the expiration of the
period for reply (including a total extension of time of month(s)) which expired on

(o) (J A proposed reply was received on , but it does not constitute a proper reply under 37 CFR 1.113 to the final rejection.
(A proper reply under 37 CFR 1.113 to a final rejection consists only of:(1) a timely filed amendment which places the
application in condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3} if this is utility or plant
application, a timely filed Request for Continued Examination (RCE) in compliance with 37 CFR 1.114. Note that RCEs are not
permitted in design applications.)

(¢) O A reply was received on but it does not constitute a proper reply, or a bona fide attempt at a proper reply, to the non-final
rejection. See 37 CFR 1.85(a) and 1.111. (See explanation in box 7 below).

(d) ™) No reply has been received.

2. [J Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory period of three months
from the mailing date of the Notice of Allowance (PTOL-85).

(a) (J The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or Transmission dated
), which is after the expiration of the statutory period for payment of the issue fee (and publication fee) set in the Notice of
Allowance (PTOL-85).

(o) OJ The submitted fee of $ is insufficient. A balance of $ is due.

The issue fee required by 37CFR 1.18is $ . The publication fee, if required by 37 CFR 1.18(d), is $ .
(¢) [J The issue fee and publication fee, if applicable, has not been received.

3. [J Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the Notice of
Allowability (PTO-37).

(a) J Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission dated ), which is
after the expiration of the period for reply.

(b) £J No corrected drawings have been received.

4. [J The letter of express abandonment which is signed by the attorney or agent of record or other party authorized under 37 CFR 1.33
(b). See 37 CFR 1.138(b).

5. [J The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR
1.34) upon the filing of a continuing application.

6. [J The decision by the Board of Patent Appeals and Interference rendered on and because the period for seeking court review
of the decision has expired and there are no allowed claims.

7. ) The reason(s) below:

Abandonment confirmed by attorney of record Harry Vartanian (Reg. # 56,787) on 01/11/2018.

/[JEFFREY M RUTKOWSKI/ /JONATHAN WOOD/
Supervisory Patent Examiner, Art Unit 2415 Examiner, Art Unit 2415

Petitions to revive under 37 CFR 1.137, or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to minimize
any negative effects on patent term.

U.S. Patent and Trademark Offi
pTOE_E;n4%nZ (;ef,r_n?)r7_1f)e Notice of Abandonment Part of Paper No. 20190114
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PTO/AIA/22 (03-13)

Approved for use through 11/30/2020. 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.

Docket Number (Optional)
PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | IPW2-USAP205496

Application Number Filed

14/372,363 July 15, 2014
" WIRELESS COMMUNIGATIONS SYSTEM WITH A NARROWER SUBORDINATE CARRIER

Art Unit Examiner

2415 Jonathan Wood

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above-identified application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee Micro Entity Fee
|:| One month (37 CFR 1.17(@)(1)) $200 $100 $50 $
Two months (37 CFR 1.17(a)(2)) $600 $300 $150 $ 600
I:' Three months (37 CFR 1.17(a)(3)) $1.,400 $700 $350 $
D Four months (37 CFR 1.17(a)(4)) $2,200 $1,100 $550 $
I:l Five months (37 CFR 1.17(a)(5)) $3,000 $1,500 $750 $

Applicant asserts small entity status. See 37 CFR 1.27.

Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

A check in the amount of the fee is enclosed.

Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

O OO O

The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 220493

Payment made via EFS-Web.

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide
credit card information and authorization on PTO-2038.

| am the

|:| applicant.

attorney or agent of record. Registration number 56787

|:| attorney or agent acting under 37 CFR 1.34. Registration number
/Harry Vartanian/ November 14, 2018

Signature Date
Harry Vartanian 215-568-6400
Typed or printed name Telephone Number

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and certifications. Submit
multiple forms if more than one signature is required, see below™.

|:] * Total of forms are submitted.

This collection of information is required by 37 CFR 1.136(a). The information is required to obtain or retain a benefit by the public, which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 6 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: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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.

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.

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.

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).

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.

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)).

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.

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.

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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Electronic Patent Application Fee Transmittal

Application Number: 14372363

Filing Date: 15-Jul-2014

Title of Invention:

WIRELESS COMMUNICATIONS SYSTEM WITH A NARROWER SUBORDINATE

CARRIER
First Named Inventor/Applicant Name: Philip Young
Filer: Harry Vartanian
Attorney Docket Number: IPW2-USAP205496
Filed as Large Entity
Filing Fees for U.S. National Stage under 35 USC 371
Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
IPR2025-00220 Exhibit 2005 Page 9 of 640




.. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension - 2 months with $0 paid 1252 1 600 600
Miscellaneous:
Total in USD ($) 600
IPR2025-00220 Exhibit 2005 Page 10 of 640




Electronic Acknowledgement Receipt

EFSID: 34305871
Application Number: 14372363
International Application Number:
Confirmation Number: 1411
. . WIRELESS COMMUNICATIONS SYSTEM WITH A NARROWER SUBORDINATE
Title of Invention:
CARRIER
First Named Inventor/Applicant Name: Philip Young
Customer Number: 3624
Filer: Harry Vartanian/Elizabeth McGinty
Filer Authorized By: Harry Vartanian
Attorney Docket Number: IPW2-USAP205496
Receipt Date: 14-NOV-2018
Filing Date: 15-JUL-2014
Time Stamp: 12:48:09
Application Type: U.S. National Stage under 35 USC 371
Payment information:
Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $600
RAM confirmation Number 111418INTEFSW12485000
Deposit Account 220493
Authorized User Elizabeth McGinty

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

37 CFR 1.17 (Patent application and reexamination processing fees)

PRGI034-084Rwcument supply fees) Exhibit 2005 Page 11 of 640




37 CFR 1.20 {Post Issuance fees)
37 CFR 1.21 {Miscellaneous fees and charges)

37 CFR 1.492 (National application filing, search, and examination fees)

37 CFR 1.492(a) (Basic national fee only)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
148702
IPW2-USAP205496_-
1 Extension of Time _Extension_of_Time_- no 2
20181114.PDF 860a28e99aeb80934a72aef3f9fadcd 1£28¢0
- 948
Warnings:
Information:
30916
2 Fee Worksheet (SB06) fee-info.pdf no 2
a167390a67b003a6cade296cc104d2b8b29
afalo
Warnings:
Information:
Total Files Size (in bytes): 179618

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

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
14/372,363 07/15/2014 Philip Young IPW2-USAP205496 1411
3624 7590 06/14/2018
EXAMINER
VOLPE AND KOENIG, P.C. | |
UNITED PLAZA WOOD, JONATHAN
30 SOUTH 17TH STREET, 18th Floor
PHILADELPHIA, PA 19103 | ART UNIT | PAPER NUMBER |
2415
| NOTIFICATION DATE | DELIVERY MODE |
06/14/2018 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

eoffice@volpe-koenig.com

IPR2025-00220 Exhibit 2005 Page 13 of 640
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Application No. Applicant(s)
14/372,363 YOUNG, PHILIP

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
JONATHAN B. WOOD 2415 ,S\ltgt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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
)X Responsive to communication(s) filed on 02/16/2018.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[] 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)[] 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, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 40-51 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)Y Claim(s) 40-51 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] 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).

Priority under 35 U.S.C. § 119
12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)DXJ Al b)[] Some** ¢)[] None of the:
1.4 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.

2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) l:l Other-

Paper No(s)/Mail Date

U.S. Patent and Trademark Office o
PTOL-326 (RéPR202%-00220 Office Action EtiArg005 Part of Paper NdXaR@ 04t@Db648b605



Application/Control Number: 14/372,363 Page 2
Art Unit: 2415

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Application Status
2. This Office Action is responsive to Amendments and Remarks filed 02/16/2018,
in which claims 40, 45, 46 and 51 are amended, no claims are added or canceled, and

claims 40-51 are pending examination.

Claim Rejections -35USC § 112

3. The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms
as to enable any person skilled in the art to which it pertains, or with which it is most nearly
connected, to make and use the same, and shall set forth the best mode contemplated by the
inventor or joint inventor of carrying out the invention.

The following is a quotation of the first paragraph of pre-AlA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any
person skilled in the art to which it pertains, or with which it is most nearly connected, to make
and use the same, and shall set forth the best mode contemplated by the inventor of carrying
out his invention.

IPR2025-00220 Exhibit 2005 Page 15 of 640



Application/Control Number: 14/372,363 Page 3
Art Unit: 2415

4. Claims 40-51 are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AlA),
first paragraph, as failing to comply with the written description requirement. The
claim(s) contains subject matter which was not described in the specification in such a
way as to reasonably convey to one skilled in the relevant art that the inventor or a joint
inventor, or for pre-AlA the inventor(s), at the time the application was filed, had

possession of the claimed invention.

5. Regarding claims 40 and 46, each recites an association or correlation between
the length of the subordinate carrier Master Information Block (scMIB) and resource
elements that comprise the subordinate bandwidth (see lines 12-15 of claim 40, and
lines 13-16 of claim 46). This can reasonably be construed to mean that a device
receiving an MIB can derive information on the resource elements comprising a
bandwidth defined within the MIB based on the length (i.e. size in resource elements or
duration in time) of the MIB itself. A review of the specification and drawings fails to find
support for the full scope of this subject matter.

Figures 5A-5D of the instant application show various examples of resource
element allocation for a subordinate carrier that may be defined within an MIB, and
paragraphs [0054]-[0057] of the published specification describe such allocations. From
the figures and descriptions it is clear that resource elements may be allocated
discontinuously within a contiguous bandwidth. As such, the allocation of resource
elements for a subordinate carrier and the allocation of a subordinate bandwidth are not

necessarily the same thing. Paragraph [0073] of the published specification discloses
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that “the set of resource elements used to convey the scMIB may not be fixed’, and
further states that “the number of resource elements used for the scMIB could be
related to the subordinate carrier bandwidth’. This relates the size of the scMIB (i.e. the
number of resource elements used for its transmission) to a bandwidth, but not
necessarily to a set of resource elements as recited in the claims. Based on the figures
and descriptions, information within the scMIB is needed to identify the specific set of
resource elements that are being allocated. The specification presents no description
that relies only on the scMIB size as the basis for identifying the specific set of resource
elements that are being allocated.

Paragraphs [0054] and [0056] state that the descriptions are for “one-frame”
allocations, and further indicate that “a longer bit string would be used for the
subframeAllocation if subframes were to be provided over four consecutive radio
frames”. Paragraph [0053] describes a “subframeAllocation” as being a 6-bit parameter,
and the examiner infers that such a parameter may be included in an MIB to define the
set of resource elements that will comprise a subordinate carrier. This could imply that
the longer parameter bit string equates to a longer scMIB. However, such a correlation
is not explicitly disclosed, and it is reasonable that the size of an internal parameter
might not affect the overall size of a data structure. For example, paragraph [0220] of
Bienas (US 2011/0105119) discloses that an MIB may include a spare bit string of size
10 bits. It is reasonable that such a spare bit string could be used to accommodate a
portion of the "longer bit string” disclosed by the applicant without changing the overall

size of the MIB itself.
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Therefore, the specification and drawings of the instant application fail to provide
support for the full scope of the newly recited limitation regarding subordinate bandwidth
resource elements being based on the length of the scMIB. Thus, the limitation is
construed to be new subject matter, and is rejected under 35 USC 112 Second

paragraph.

6. Dependent claims 41-45 and 47-51 fail to correct the deficiencies of parent

claims 40 and 46, and are likewise rejected.

Claim Rejections - 35 USC § 103
7. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

8. Claims 40, 45, 46 and 51 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Wallen et al. USPG-Pub 2012/0327895-A1 (hereinafter Wallen), in

view of Lee et al. USPG-Pub 2010/0015969-A1 (hereinafter Lee).
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9. Regarding claims 40 and 46, and using claim 40 as the exemplary recitation for
the claim group, Wallen discloses a base station (NN 201) comprising: a processor
(Processor 1205) configured to wirelessly communicate (cellular communication) with a
first type of terminal device (L-UE 205) and a second type of terminal device (MTC 207)
{FIG 2 shows an exemplary cell 203 of a cellular communication system (see FIG 1),
including Network Node (NN) 201 wirelessly communicating with at least one LTE
compliant Legacy User Equipment (L-UE) 205 and at least one reduced Bandwidth
(BW) communication device 207, which is also referred to as MTC 207 (i.e. a Machine
Type Communication device). FIG 12 shows a hardware block diagram of at least a
portion of circuitry comprised within NN 201, including a Processor 1205 and a
Transceiver 1203}, a transceiver (Transceiver 1203) configured to transmit a first signal
(MIB signal) on a long term evolution (LTE) host carrier LTE (LTE host cell carrier),
wherein the first signal (MIB signal) includes a master information block (MIB) (MIB) that
includes bits (information) indicating a subordinate carrier (reduced BW M-SIB, M-Cell,
etc.) for use by the second type of terminal device (MTC 207) {The abstract describes a
control channel that extends over a first BW and a first type of communication device
that is capable of receiving the first BW (i.e. L-UE 205). Further described is use of an
MIB occupying a second BW (which is a portion of and smaller than the first BW) for
communication with a second type of communication device that has reduced BW
capabilities (i.e. MTC 207). The MIB provides information to the various devices
enabling them to establish a connection to the host cell. The MIB has a first portion

providing information for the first type of communication device, and a second portion
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providing information for the second type of communication device. [0005] describes
use of LTE operating BWs and carrier frequencies. FIG 9 shows an exemplary
time/frequency diagram of a portion of the disclosed LTE signaling, including
transmission of the MIB 901 and various System Information Blocks (SIBs). [0068]
describes the MIB 901 as occupying its standard location in the host cell, and including
time/frequency information that informs the MTC device of a location of the resource
blocks allocated to a legacy SIB. [0069] describes the MIB 901 including time/frequency
information that informs the MTC device of a location of the resource blocks allocated to
an MTC specific M-SIB. [0070]-[0072] describes the MIB 901 including time/frequency
information that informs the MTC device of a location of the resource blocks allocated to
an MTC specific M-Cell, M-RACH and M-PDDDH respectively. As such, the host cell
transmits an MIB that provides time/frequency information necessary for an MTC device
to communicate with the host cell}; the transceiver (Transceiver 1203) further configured
to transmit a second signal (PDCCH) to the first type of terminal device (L-UE 205) on
the LTE host carrier (LTE host cell carrier) having radio resource segments allocated in
a time period (time/frequency resources allocated), wherein each radio resource
segment (time/frequency resource) provides radio resources across a host bandwidth
(first BW) {FIG 9 shows portions of the time/frequency spectrum that are dedicated to
transmission of PDCCH across the full width of the first BW. [0007] describes decoding
of the PDCCH by communication devices (e.g. L-UEs) to determine resource blocks
used for SIB transmissions, and [0008] describes the PDCCH as occupying the whole

system BW and that communication devices need to be able to receive and decode that
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BW}; the transceiver (Transceiver 1203) further configured to transmit, on the
subordinate carrier (reduced BW M-SIB, M-Cell, etc.), a third signal (M-SIB) to the
second type of terminal device (MTC 207) with allocated resources (time/frequency
resources allocated) that are a subset of the LTE host carrier radio resource segments
(portion of LTE host cell carrier) in the first time period (time/frequency resources for M-
RACH) {FIG 9 shows an exemplary time/frequency diagram of a portion of the disclosed
LTE signaling, including transmission of the MIB 901 and various SIBs. [0069] describes
the MIB 901 including time/frequency information that informs the MTC device of a
location of the resource blocks allocated to an MTC specific M-SIB. [0070]-[0072]
describes the MIB 901 including time/frequency information that informs the MTC
device of a location of the resource blocks allocated to an MTC specific M-Cell, M-
RACH and M-PDDDH respectively. As such, the time/frequency information sent in the
MIB allocates portions of the host cell BW such that MTC devices will be able to receive
and decode the M-SIB, M-Cell, etc.}; wherein the subordinate bandwidth (reduced BW)
is narrower than the host bandwidth (smaller than the system BW) and contained within
the host bandwidth (a portion of the system BW) {The abstract describes a control
channel (i.e. PDCCH) that extends over a first BW (i.e. the whole system BW) and a
first type of communication device that is capable of receiving the first BW (i.e. L-UE
205). Further described is use of an MIB occupying a second BW (i.e. reduced BW),
which is a portion of and smaller than the first BW, for communication with a second
type of communication device that has reduced BW capabilities (i.e. MTC 207)}; and

wherein in a second time period (different time period) the subset of the LTE host carrier
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radio resource segments (portion of time/frequency resource) is used to communicate
(establish connection - i.e. perform RACH) with the first type of terminal device (L-UE
205) {FIG 9 shows an exemplary time/frequency diagram of a portion of the disclosed
LTE signaling, including transmission of the MIB 901 and various SIBs. [0069]-[0072]
describes the MIB 901 including time/frequency information that informs the MTC
device of a location of the resource blocks allocated to an MTC specific M-SIB, M-Cell,
M-RACH and M-PDDDH respectively. FIG 9 also shows that he connection
establishment processes (i.e. RACH and M-RACH) are performed in different time slots
using the same frequency resources. As such, both devices can communicate with the
host cell using the same frequency resources but different time periods}.

Wallen discloses a communications system that supports devices with different
communications capabilities at least partly by using MIBs and/or SIBs to define reduced
bandwidth communications channels for use by reduced capability devices. However,
Wallen fails to explicitly disclose the resource elements of the reduced bandwidth
communication channels being based on the MIB length. Lee discloses a
communications system that supports devices with different communications
capabilities at least partly by using MIBs and/or SIBs to define reduced bandwidth
communications channels for use by reduced capability devices. Further, Lee discloses
the transceiver (eNB 21 transceiving hardware) further configured o fransmit a
subordinaie carrier master information block (MIB) (MIB) that indicates a subordinate
bandwidit (defines a bandwidth), whersin resource slemenis of the subordinate

bandwidih (radio resources comprising the bandwidth) are based on a fength
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(transmission bandwidth) of ihe subordinate carrier masier informalion biock (MIB)
(MIB) {FIG 1 shows an exemplary communications system in which an enhanced
NodeB (eNB) 21 provides communication services to at least one User Equipment (UE)
10. The title and abstract describe the object of the disclosure to include transmitting
and receiving system information by network nodes such as eNB 21, and one skilled in
the art would understand that a wireless base station such as eNB 21 would necessarily
include transceiving hardware. FIG 5 shows a schematic of a transmission sequence
that includes various information blocks, including one or more of: Primary system
Information Blocks (PIB), Master secondary system Information Blocks (MIB), and
Secondary system Information Blocks (SIB). [0044] describes the contents of a PIB,
including bandwidth information and MIB indication information. [0049] describes the
contents of an MIB, including various tags and SIB indication information. [0005]
describes controlling the radio resources (i.e. resource elements) between the UE and
the network, [0022] describes the goal of efficient use of radio resources, and [0057]
describes an MIB being transmitted in shared radio resources. [0056] describes that the
bandwidth used to transmit the MIB (i.e. the radio resources used for MIB transmission)
may be set differently depending on the size of the cell bandwidth. As such, Lee
discloses an association/correlation between the size of a bandwidth (i.e. radio
resources) defined within the PIB and/or MIB, and the bandwidth (i.e. radio resources)
used to transmit the MIB. One skilled in the art would understand that a methodology
applied to the MIB of Lee could be applied to MIBs of all types and applications to

realize more efficient use of radio resources within a systemy}. It would have been
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obvious to one of ordinary skill in the art at the time the invention was made to modify
the bandwidth allocation methods of Wallen with the bandwidth allocation methods of
Lee realize more efficient use of radio resources by dynamically transmitting system

information to reduce waste of radio resources {[0022]}.

10.  Specifically for claim 46, Wallen discloses a method performed by a base station

{FIG 8 shows a method performed by NN 201 for configuring and transmitting the MIB}.

11.  Regarding claims 45 and 51, the combination of Wallen and Lee discloses all
the limitations of parent claims 40 and 46 respectively. Using claim 45 as the
exemplary recitation for the claim group, Wallen discloses the first type of terminal
device (L-UE 205) is capable of receiving (receives and decodes) a full bandwidth of the
host banadwidth (whole system BW), wherein the second type of terminal device (MTC
207) is incapable of receiving (cannot receive and decode) the full bandwidth, and
wherein the second type of terminal device (MTC 207) is capable of receiving (receives
and decodes) the full bandwidth of the subordinate bandwidth (reduced frequency BW)
{The abstract describes a control channel (i.e. PDCCH) that extends over a first BW (i.e.
the whole system BW) and a first type of communication device that is capable of
receiving the first BW (i.e. L-UE 205). Further described is use of an MIB occupying a
second BW (i.e. reduced BW), which is a portion of and smaller than the first BW, for

communication with a second type of communication device that has reduced BW
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capabilities (i.e. MTC 207). [0007] describes decoding of the PDCCH by communication
devices (e.g. L-UEs) to determine resource blocks used for SIB transmissions, and
[0008] describes the PDCCH as occupying the whole system BW and that
communication devices need to be able to receive and decode that BW. [0015]
describes the incompatibility of MTC devices that support only low BW and having
insufficient decoding performance for the full LTE BW. [0081] describes the MTC device

being able to receive and decode the reduced BW MIB}.

12.  Claims 41-44 and 47-50 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Wallen, in view of Lee, and further in view of Roessel et al. USPG-

Pub 2012/0263093-A1 (hereinafter Roessel).

13.  Regarding claims 41 and 47, the combination of Wallen and Lee discloses all
the limitations of parent claims 40 and 46 respectively. Using claim 41 as the
exemplary recitation for the claim group, Wallen discloses the radio resource segments
(time/frequency resources) are subframes of radio frames (subframes of radio frame)
having a plurality of subframes (multiple subframe portions) {FIG 6 shows a radio frame
used by cellular communications system. Each radio frame is divided into multiple
subframes, and each subframe is divided into multiple slots}.

Wallen and Lee both disclose wireless communication networks supporting BW

allocations for multiple uses. Further, Wallen discloses pre-defined sets of

IPR2025-00220 Exhibit 2005 Page 25 of 640



Application/Control Number: 14/372,363 Page 13
Art Unit: 2415

time/frequency resources and/or positions (see [0024], [0025]). However, the
combination of Wallen and Lee fails to specifically disclose use of subframe allocation
sets. Roessel discloses a wireless communication network supporting BW allocations
for multiple uses. Further, Roessel discloses subframes are allocated (subframe
allocation) to the subordinate carrier (sub-carrier) using a subordinate carrier subframe
allocation set (co-channel allocation sets), wherein the subordinate carrier subframe
allocation set (co-channel allocation sets) determines which subframes (time domain
subframe) within a repeating group (periodically recurring pattern) of one or more radio
frames are allocated to the subordinate carrier (frequency domain sub-carrier) {{0162]
describes channel control that can define co-channels through the use of frequency
sub-carrier and time subframe allocation sets. [0082] describes use of periodically
recurring patterns of frame/subframe structure}. It would have been obvious to one of
ordinary skill in the art at the time the invention was made to modify the allocation
methods of Wallen and Lee with the allocation methods of Roessel to reduce

interference between wide area macro networks and local area networks {[0133]}.

14.  Regarding claims 42 and 48, the combination of Wallen, Lee and Roessel
disclose all the limitations of parent claims 40, 41 and 46, 47 respectively. Wallen and
Lee both disclose wireless communication networks supporting BW allocations for
multiple uses. Further, Wallen discloses pre-defined sets of time/frequency resources
and/or positions (see [0024], [0025]). However, the combination of Wallen and Lee fails

to specifically disclose use of subframe allocation sets. Roessel discloses a wireless
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communication network supporting BW allocations for multiple uses. Using claim 42 as
the exemplary recitation for the claim group, Roessel discloses the subordinate carrier
subframe allocation set (co-channel allocation sets) is defined by one or more reserved
subframe allocation patterns (pre-defined allocation patterns) {[0162] describes channel
control that can define co-channels through the use of frequency sub-carrier and time
subframe allocation sets. [0191] describes use of pre-defined allocation patterns that
attempt to be mutually disjoint in frequency and time}. It would have been obvious to
one of ordinary skill in the art at the time the invention was made to modify the
allocation methods of Wallen and Lee with the allocation methods of Roessel to reduce

interference between wide area macro networks and local area networks {{0133]}.

15.  Regarding claims 43 and 49, the combination of Wallen, Lee and Roessel
disclose all the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively.
Wallen and Lee both disclose wireless communication networks supporting BW
allocations for multiple uses. Further, Wallen discloses pre-defined sets of
time/frequency resources and/or positions (see [0024], [0025]). However, the
combination of Wallen and Lee fails to specifically disclose use of subframe allocation
sets. Roessel discloses a wireless communication network supporting BW allocations
for multiple uses. Using claim 43 is used as the exemplary recitation for the claim
group, Roessel discloses the one or more reserved subframe allocation patterns (pre-
defined allocation patterns) comprise substantially all or a subset of all reserved

subframe allocation patterns (all mini-CCEs) of the LTE host carrier (host frequency
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resources) {[0191] describes pre-defined allocation patterns are used to form mini-
Channel Control Elements (mini-CCEs) or resource element groups. [0195] describes
that the macro cell may allocate all mini-CCEs]}. It would have been obvious to one of
ordinary skill in the art at the time the invention was made to modify the allocation
methods of Wallen and Lee with the allocation methods of Roessel to reduce

interference between wide area macro networks and local area networks {{0133]}.

16.  Regarding claims 44 and 50, the combination of Wallen, Lee and Roessel
disclose all the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively.
Using claim 44 as the exemplary recitation for the claim group, Wallen discloses
acquisition information (M-PDCCH allocation information) required for the second type
of terminal device (MTC 207) to receive the subordinate carrier (M-PDCCH) is allocated
to subframes of the subordinate carrier (portions of available BW) using at least a
portion of the subframes (subframe portions) in the one or more reserved subframe
allocation patterns (reserved subframe locations) {{0044] describes particular subframes
being reserved for M-PDCCH transmissions. [0074] describes MTC devices obtaining

MTC specific information via pre-defined time/frequency locations}.

Response to Arguments
17.  Applicant's arguments on pages 10-14 of Remarks filed 02/16/2018 regarding

rejection of claims 40-51 under 35 USC 103 have been fully considered but they are
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moot because they do not apply to all of the references being used in the current

rejection.

Conclusion
18.  Applicant's amendment necessitated the new ground(s) of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the date of this final action.

19.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JONATHAN B. WOOD whose telephone number is
(571)270-0175. The examiner can normally be reached on MON-FRI, 7:30AM-5:00PM

EST, Alternate Fridays.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, JEFFREY RUTKOWSKI can be reached on 571-270-1215. 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.

/J.B. W./
Examiner, Art Unit 2415

/JEFFREY M RUTKOWSKI/
Supervisory Patent Examiner, Art Unit 2415
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Ref {iHits {{Search Query DBs Default iiPlurals jiTime
# Operator Stamp
S2 i "14372363" Us- ADJ ON 2016/02/22
PGPUB; 15:27
USPAT,;
DERWENT

S3 45 (philip near young).in. & (alton).inci. us ADJ ON 2016/02/23
PGPUB; 09:37
USPAT,;
DERWENT

S4 239 (intellectual ventures holding).as. | us ADJ ON 2016/02/23

(intellectual ventures holding).aanm. PGPUB; 09:38

USPAT,;
DERWENT

S5 y2 S3 & 4 Us- ADJ ON 2016/02/23
PGPUB; 09:39
USPAT;
DERWENT

S6 242 iS3 | A4 Us- ADJ ON 2016/02/23
PGPUB; 09:39
USPAT;
DERWENT

S7 i1 S6 & ((network (device | node)) with (first jUS- ADJ ON 2016/02/23
near (terminal | device | UE| (user PGPUB; 09:43
equipment) | mobile)) with (second near {{USPAT;

(terminal | device | UE| (user equipment) iDERWENT
| mobile))).cim.

S8 42 S6 & ((host carrier) with (resource near us- ADJ ON 2016/02/23
(segment | subframe))).clm. PGPUB; 09:45

USPAT;
DERWENT

S9 4 ("20090180430" | "20100135242").PN. Us- ADJ ON 2016/02/23
PGPUB; 09:51
USPAT;
DERWENT

S$10 {75141 {iH04W76/022,025,041,045.cpc. | Us- ADJ ON 2016/03/02
HO04W72/00,086.cpc. | HO4W72/04%.cpc. | {§PGPUB; 16:52
HO4W72/12%.cpc. | USPAT;

H04W88/00,02,18.cpc. | HO4W28/00.cpc. {iDERWENT
| HO4W84/02.cpc.

S11 410 ((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 16:59
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((host near carrier) with (time | DERWENT
TDD))

S12 {16673 {i((network near (device | node | switch | {US ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:00
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((host | carrier) with (time | TDD)) {DERWENT

S13 191768 i((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:05
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eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((first | primary) with (terminal | DERWENT
device | mobile | UE | WTRU | (user
equipment))) same ((second$4 | $2other)
with (terminal | device | mobile | UE |
WTRU | (user equipment)))
S14 41840 {((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:08
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((first | primary) with (terminal | DERWENT
device | mobile | UE | WTRU | (user
equipment))) same ((carrier | frequency)
with resource with (time | TDD))
S15 4210 ((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:12
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((second$4 | $2other) with (terminal {DERWENT
| device | mobile | UE| WTRU | (user
equipment))) same ((carrier | frequency)
with resource with (time | TDD)) same
(subset | subordinate | part$4 | segment |
slice)
S16 {192 S$13 & S14 & S15 Us- ADJ ON 2016/03/02
PGPUB; 17:13
USPAT,;
DERWENT

S17 {95 S13 & S14 & S15 & S10 Us- ADJ ON 2016/03/02
PGPUB; 17:14
USPAT,;
DERWENT

518 {14 (US-20140362831-$ or US-20090180430-${US- ADJ ON 2016/03/03
or US-20100135242-$ or US- PGPUB; 12:49
20140094183-$ or US-20130242821-$ or {USPAT
US-20130114555-$ or US-20130088986-$
or US-20110274063-$ or US-
20100323709-$ or US-20100220607-$ or
US-20080232240-%).did. or (US-9094991-
$ or US-8619693-$ or US-8249635-$).did.

S$19 {8692 ii(frequency (band | bandwidth | BW!) with §US- ADJ ON 2016/03/03
(narrow$4 | small$4 | restrict$4 | parti$6) {PGPUB; 12:54
with (within | contain$4 | inside)) USPAT;

DERWENT

S20 19718 i((frequency near (band | bandwidth | us ADJ ON 2016/03/03
BW!)) with (narrow$4 | small$4 | PGPUB; 12:55
restrict$4 | parti$6) with (within | USPAT;
contain$4 | inside)) DERWENT

S21 {75244 {{H04W76/022,025,041,045.cpc. | Us- ADJ ON 2016/03/03
HO4W72/00,086.cpc. | HO4W72/04%.cpc. | §PGPUB; 12:55
HO4W72/12$.cpc. | USPAT;

H04W88/00,02,18.cpc. | HO4W28/00.cpc. {iDERWENT
| HO4W84/02.cpc.
S22 4589  {iS21 & S20 Us- ADJ ON 2016/03/03
PGPUB; 12:55
USPAT;
DERWENT

S23 114885 ii((frequency near (band | bandwidth | us ADJ ON 2016/03/03
BW!)) with (narrow$4 | small$4) with PGPUB; 12:56
(within | contain$4 | inside)) USPAT;

DERWENT
S24 1282 8218 823 s HADJ |ON 2016/03/03;
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PGPUB; 12:56
USPAT,;
DERWENT
S25 {74 (((second$4 | $2other) near frequency us ADJ ON 2016/03/03
near (band | bandwidth | BW!)) with PGPUB; 12:59
(narrow$4 | small$4) with (within | USPAT;
contain$4 | inside) with ((first | primary) {DERWENT
near frequency near (band | bandwidth |
BW)))
5286 {16 21 & 25 Us- ADJ ON 2016/03/03
PGPUB; 13:00
USPAT,;
DERWENT
S27 #90 (((second$4 | $2other) near frequency us ADJ ON 2016/03/03
near (band | bandwidth | BW!)) with PGPUB; 13:05
(narrow$4 | small$4) with (within | USPAT;
contain$4 | inside | "same") with ((first | {DERWENT
primary) near frequency near (band |
bandwidth | BW!)))
828 420 S21 & 7 Us- ADJ ON 2016/03/03
PGPUB; 13:06
USPAT,;
DERWENT
29 {70 S27 not 828 Us- ADJ ON 2016/03/03
PGPUB; 13:14
USPAT;
DERWENT
S30 73 (broadband with narrowband with (subset {{US- ADJ ON 2016/03/03
| subcarrier | subfrequency)) PGPUB; 13:30
USPAT;
DERWENT
S31 {26788 {iwlan with bluetooth Us- ADJ ON 2016/03/03
PGPUB; 13:37
USPAT;
DERWENT
832 2042 S21 & S31 Us- ADJ ON 2016/03/03
PGPUB; 13:37
USPAT;
DERWENT
S33 {586 (subframe | sub-frame) near (allocat$4 | {US ADJ ON 2016/03/03
assign$4) near (set | group) PGPUB; 14:42
USPAT;
DERWENT
S34 165 (subframe | sub-frame) near (allocat$4) us ADJ ON 2016/03/03
near (set) PGPUB; 14:43
USPAT;
DERWENT
S35 {11 ((subframe | sub-frame) near (allocat$4 | {{US- ADJ ON 2016/03/03
assign$4) near (set | group)) same PGPUB; 15:10
S4carrier USPAT;
DERWENT
S36 {25 (US-20140362831-$ or US-20090180430-$1{US- ADJ ON 2016/03/03
or US-20100135242-$ or US- PGPUB; 16:11
20140094183-$ or US-20130242821-$% or {{USPAT
US-20130114555-$ or US-20130088986-$
or US-20110274063-$ or US-
20100323709-$ or US-20100220607-$ or
US-20080232240-$ or US-20120250564-$
or US-20090247171-$ or US-
20080130486-$ or US-20070258417-$ or
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US-20120263093-$ or US-20120155361-%
or US-20120044852-% or US-
20100317283-% or US-20120213143-
$).did. or (US-9094991-$ or US-8619693-$
or US-8249635-$ or US-9131503-$ or US-
8879461-%).did.

S37 {143 (((wideband | wide-band | (wide band)) {US- ADJ ON 2016/03/03
near device) & ((narrowband | narrow- PGPUB; 16:13
band | (narrow band)) near device)) USPAT;
DERWENT
S38 4108 (((wideband | wide-band | (wide band)) {US- ADJ ON 2016/03/03
near device) same ((narrowband | narrow-{PGPUB; 16:13
band | (narrow band)) near device)) USPAT;
DERWENT
S39 6 S21 & S37 Us- ADJ ON 2016/03/03
PGPUB; 16:13
USPAT,;
DERWENT
$40 y2 S21 & S38 Us- ADJ ON 2016/03/03
PGPUB; 16:14
USPAT,;
DERWENT
S41 6 ("20090180430" | "20100135242" | Us- ADJ ON 2016/11/30
"20110085457").PN. PGPUB; 09:06
USPAT;
DERWENT
A2 i1 "14372363" us- ADJ ON 2017/07/28
PGPUB; 16:29
USPAT;
DERWENT
43 i1 42 & (MIB! | (master information block)) {{US- ADJ ON 2017/07/28
PGPUB; 16:29
USPAT;
DERWENT
44 125 (US-20090180430-$ or US-20100135242-${US- ADJ ON 2017/07/31
or US-20140094183-$ or US- PGPUB; 10:19

20130242821-% or US-20130114555-% or {{USPAT
US-20130088986-% or US-20110274063-%
or US-20100323709-$% or US-
20100220607-% or US-20080232240-% or
US-20120250564-$% or US-20090247171-%
or US-20080130486-% or US-
20070258417-% or US-20120263093-$ or
US-20120155361-$% or US-20120044852-%
or US-20100317283-$% or US-
20120213143-% or US-20080069060-% or
US-20110085457-9) .did. or (US-9094991-
$ or US-8249635-% or US-9131503-% or
US-7499438-$) .did.

$46 {1081 H((LTE! | (long term evolution)) with (MIB! jUS- ADJ ON 2017/07/31
| (master information block))) PGPUB; 10:20
USPAT;
DERWENT
A7 {12 ((LTE! | (long term evolution)) same us ADJ ON 2017/07/31
((MIB!'| (master information block)) with {PGPUB; 10:23
((indicat$4 | assign$4 | allocat$4 | USPAT;
grant$4 | identif$8) near (frequency | DERWENT
band))))
S48 #42 (((MIB! | (master information block)) with {US- ADJ ON 2017/07/31
((indicat$4 | assign$4 | allocat$4 | PGPUB; 10:23
IPR2025-00220 Exhibit 2005 Page 39 of 640

EASTSearchHistory.14372363_AccessibleVersion.htm[6/5/2018 11:37:32 AM]



EAST Search History

IPR2025-00220

Exhibit 2005

EASTSearchHistory.14372363_AccessibleVersion.htm[6/5/2018 11:37:32 AM]

grant$4 | identif$8) near (frequency | USPAT;
band)))) DERWENT

49 {411 (((MIB! | (master information block)) with {US- ADJ ON 2017/07/31
((indicat$4 | assign$4 | allocat$4 | PGPUB; 10:23
grant$4 | identif$8) with (frequency | USPAT;
band)))) DERWENT

S50 {226  {iS46 & 49 Us- ADJ ON 2017/07/31

PGPUB; 10:24
USPAT,;
DERWENT

S51 {234 (((MIB! | (master information block)) with {US- ADJ ON 2017/07/31
((indicat$4 | assign$4 | allocat$4 | PGPUB; 10:24
grant$4 | identif$8) near8 (frequency | USPAT;
band)))) DERWENT

S52 {120  iiS46 & Sb1 Us- ADJ ON 2017/07/31

PGPUB; 10:24
USPAT,;
DERWENT

S59 {2 "20120327895".pn. & ((((subordinate Us- ADJ ON 2018/06/04
carrier) | subcarrier | sub-carrier | (narrow {{PGPUB; 09:53
bandwidth) | (reduced bandwidth)) with  {USPAT;

(MIB!'| (master information block)))) DERWENT

S60 {0 (((((subordinate carrier) | subcarrier | us ADJ ON 2018/06/04
sub-carrier | (narrow bandwidth) | PGPUB; 10:42
(reduced bandwidth)) with (MIB! | USPAT;

(master information block))) | scMIB) DERWENT
same ((length | size | duration) with
(var$6 | chang$4 | adjust$4 | different)))

$62 18 (((((subordinate carrier) | subcarrier | us ADJ ON 2018/06/04
sub-carrier | (narrow bandwidth) | PGPUB; 10:43
(reduced bandwidth)) with (MIB! | USPAT;

(master information block))) | scMIB) with iDERWENT
(length | size | duration))

S63 {149 ((MIB!'| (master information block)) with {{US- ADJ ON 2018/06/04
(length | size | duration) with (var$4 | PGPUB; 10:47
chang$4 | adjust$4 | different)) USPAT;

DERWENT

S64 81 ((subordinate carrier) | subcarrier | sub- {US- ADJ OFF 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 10:48
bandwidth)) with (MIB! | (master USPAT;
information block)) USOCR,;

DERWENT

S67 §297 ((MIB!'| (master information block)) with {US- ADJ ON 2018/06/04
(length | size | duration | (resource PGPUB; 10:59
elements)) with (var$4 | chang$4 | USPAT;
adjust$4 | different | based | basing | DERWENT
associat$4 | relat$4 | relationship))

S68 i3 S64 same S67 Us- ADJ ON 2018/06/04

PGPUB; 11:00
USPAT;
DERWENT

S70 43 ((((subordinate carrier) | subcarrier | sub- {jUS- ADJ ON 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 11:38
bandwidth)) with (MIB! | (master USPAT;
information block))) with (length | size | DERWENT
duration | (resource elements)) with
(var$4 | chang$4 | adjust$4 | different |
based | basing | associat$4 | relat$4 |
relationship))

i i |
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S71 45 ((((subordinate carrier) | subcarrier | sub- {jUS- ADJ ON 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 11:39
bandwidth)) with (MIB! | (master USPAT;
information block))) same ((length | size | iDERWENT
duration | (resource elements)) with
(var$4 | chang$4 | adjust$4 | different |
based | basing | associat$4 | relat$4 |
relationship)))

S72 48 ((((subordinate carrier) | subcarrier | sub- {jUS- ADJ ON 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 11:41
bandwidth)) with (MIB! | (master USPAT;
information block))) & ((information block iDERWENT
| MIB| SIB) with ((length | size | duration
| (resource elements)) with (var$4 |
chang$4 | adjust$4 | different | based |
basing | associat$4 | relat$4 |
relationship))))

573 1§16 ((((subordinate carrier) | subcarrier | sub- {jUS- ADJ ON 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 13:59
bandwidth)) with (MIB! | (master USPAT;
information block))) & ((information block {DERWENT
| MIB| SIB) with ((length | size | duration
| (resource elements)) with (var$4 |
chang$4 | adjust$4 | different | based |
basing | associat$4 | relat$4 | relationship
| defin$4 | indicat$4))))

S74 417 ((((subordinate carrier) | subcarrier | sub- {US- ADJ ON 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 14:02
bandwidth)) with (MIB! | (master USPAT;
information block))) & ((information block {DERWENT
| MIB| SIB) with ((length | size | duration
| (resource elements) | REs!) with (var$4
| chang$4 | adjust$4 | different | based |
basing | associat$4 | relat$4 | relationship
| defin$4 | indicat$4))))

S75 420 ((((subordinate carrier) | subcarrier | sub- {jUS- ADJ ON 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 14:03
bandwidth)) with (MIB! | (master USPAT;
information block))) & ((information block {DERWENT
| MIB| SIB) with ((length | size | duration
| (resource elements) | REs! | slots) with
(var$4 | chang$4 | adjust$4 | different |
based | basing | associat$4 | relat$4 |
relationship | defin$4 | indicat$4))))

S786 {4 S75 not S73 Us- ADJ ON 2018/06/04

PGPUB; 14:04
USPAT;
DERWENT

S77 4§57 ((((subordinate carrier) | subcarrier | sub- {US- ADJ ON 2018/06/04
carrier | (narrow bandwidth) | (reduced PGPUB; 14:05
bandwidth)) with (MIB! | (master USPAT;
information block))) & ((information block {DERWENT
| MIB| SIB) with ((length | size | duration
| (resource elements) | REs! | slots |
resources) with (var$4 | chang$4 |
adjust$4 | different | based | basing |
associat$4 | relat$4 | relationship |
defin$4 | indicat$4))))

S78 {37 S77 not S75 Us- ADJ ON 2018/06/04

PGPUB; 14:06
USPAT;
DERWENT
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S79 187

((((subordinate carrier) | subcarrier | sub-
carrier | (narrow bandwidth) | (reduced
bandwidth)) with (MIB! | (master
information block))) & ((information block
| MIB| SIB) with ((length | size | duration
| (resource elements) | REs! | (resource
blocks) | RBs! | slots | resources |
bandwidth) with (var$4 | chang$4 |
adjust$4 | different | based | basing |
associat$4 | relat$4 | relationship |
defin$4 | indicat$4))))

Us-

PGPUB;
USPAT;
DERWENT

ADJ

ON

2018/06/04

14:59

S80 {130

S79 not S77

us
PGPUB;
USPAT;
DERWENT

ADJ

ON

2018/06/04
15:00

S81 {92

((((subordinate carrier) | subcarrier | sub-
carrier | (narrow bandwidth) | (reduced
bandwidth)) with (MIB! | (master
information block))) & ((information block
| MIB| SIB) with ((length | size | duration
| (resource elements) | REs! | (resource
blocks) | RBs! | slots | resources |
bandwidth | bits) with (var$4 | chang$4 |
adjust$4 | different | based | basing |
associat$4 | relat$4 | relationship |
defin$4 | indicat$4))))

us
PGPUB;
USPAT;
DERWENT

ADJ

ON

2018/06/04
15:52

S82 {492

((((subordinate carrier) | subcarrier | sub-
carrier | (narrow bandwidth) | (reduced
bandwidth)) with (MIB! | (master
information block))) & ((information block
| MIB| SIB) with ((length | size | duration
| (resource elements) | REs! | (resource
blocks) | RBs! | slots | resources |
bandwidth | bit) with (var$4 | chang$4 |
adjust$4 | different | based | basing |
associat$4 | relat$4 | relationship |
defin$4 | indicat$4))))

us
PGPUB;
USPAT;
DERWENT

ADJ

ON

2018/06/04
15:53

S83 5

S82 not S79

us
PGPUB;
USPAT;
DERWENT

ADJ

ON

2018/06/04
15:56

S84 439

IPR2025-00220

(US-20090180430-3 or US-20100135242-$
or US-20140094183-% or US-
20130242821-% or US-20130114555-% or
US-20130088986-% or US-20110274063-%
or US-20100323709-$% or US-
20100220607-% or US-20080232240-% or
US-20120250564-$% or US-20090247171-%
or US-20080130486-% or US-
20070258417-% or US-20120263093-$ or
US-20120155361-$% or US-20120044852-%
or US-20100317283-% or US-
20120213143-% or US-20080069060-% or
US-20110085457-% or US-20100323633-%
or US-20120327895-$% or US-
20120289286-% or US-20110317581-% or
US-20110194515-$).did. or (US-
20100130218-% or US-20100029283-% or
US-20110105119-$% or US-20100015969-%
or US-20120327894-% or US-
20120157090-% or US-20110255425-% or
US-20130064119-3).did. or (US-9094991-
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us
PGPUB;
USPAT

ADJ

OFF

2018/06/05
11:08
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$ or US-8249635-$ or US-9131503-$ or
US-7499438-$ or US-8923274-%) .did.
S85 {12 S84 & (reserv$4 with bit) Us- ADJ OFF 2018/06/05
PGPUB; 11:09
USPAT,;
USOCR,;
DERWENT
S86 15 S84 & ((reservd4 | spare) with (bit | field | jUS- ADJ OFF 2018/06/05
string)) PGPUB; 11:13
USPAT,;
USOCR,;
DERWENT

6/5/2018 11:37:28 AM
C:\ Users\ jwood2\ Documents\ EAST\ Workspaces\ 14372363.wsp
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To: eoffice@volpe-koenig.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 3624

Jun 14,2018 04:16:38 AM
Dear PAIR Customer:

VOLPE AND KOENIG, P.C.

UNITED PLAZA

30 SOUTH 17TH STREET, 18th Floor
PHILADELPHIA, PA 19103

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 3624 , have new

outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90

accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
14372363 CTFR 06/14/2018 IPW2-USAP205496
892 06/14/2018 IPW2-USAP205496

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM

IPR2025-00220 Exhibit 2005
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PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In the PATENT APPLICATION of:
Philip Young

Application No.: 14/372,363

Confirmation No.: 1411

Filed: July 15, 2014

For: WIRELESS
COMMUNICATIONS SYSTEM WITH A
NARROWER SUBORDINATE CARRIER

Group: 2415

Examiner: Jonathan Wood

Our File:  IPW2-USAP205496
Date: February 16, 2018

RESPONSE PURSUANT TO 37 C.F.R. § 1.111

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

Alexandria, VA 22313-1450

This Response is being filed in response to the Non-Final Office Action dated

August 18, 2017 and is submitted in conjunction with an appropriate petition for

extension of time.

Please amend the application without prejudice or disclaimer as follows:

4858589-1

IPR2025-00220 Exhibit 2005

Page 45 of 640



Applicant: Intellectual Ventures Holding 81 LL.C
Application No.: 14/372,363

Amendments to the Claims:
This listing of the claims will replace all prior versions of the claims in the
application:

1.-39. (Canceled)

40. (Currently Amended) A base station comprising:

a processor configured to wirelessly communicate with a first type of terminal
device and a second type of terminal device;

a transceiver configured to transmit a first signal on a long term evolution
(LTE) host carrier, wherein the first signal includes a master information block
(MIB)—wherein—the—MIB that includes bits indicating a second—frequeney—band

subordinate carrier for use by the second type of terminal device;

the transceiver further configured to transmit a second signal to the first type
of terminal device on the LTE host carrier having radio resource segments allocated
in a first time period, wherein each radio resource segment uses radio resources

across a first host frequeney-band bandwidth;

the transceiver further configured to transmit a subordinate carrier master

information block (MIB) that indicates a subordinate bandwidth, wherein resource

elements of the subordinate bandwidth are based on a length of the subordinate

carrier master information block (MIB):
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the transceiver further configured to—wathin—the—second—frequency—band;

transmit, on the subordinate carrier, a third signal to the second type of terminal

device usinga-suberdinate-carrier with allocated resources that are a subset of the

LTE host carrier radio resource segments in the first time period;

wherein the secondfrequeneyband subordinate bandwidth is narrower than

the frst-frequeneyband host bandwidth and contained within the host bandwidth

frstfrequeney-band; and

wherein in a second time period the subset of the LTE host carrier radio

resource segments is used to communicate with the first type of terminal device.

41. (Previously Presented) The base station of claim 40 further comprising:

the radio resource segments are subframes of radio frames having a plurality
of subframes; and

subframes are allocated to the subordinate carrier using a subordinate
carrier subframe allocation set, wherein the subordinate carrier subframe allocation
set determines which subframes within a repeating group of one or more radio

frames are allocated to the subordinate carrier.

42. (Previously Presented) The base station of claim 41, wherein the

subordinate carrier subframe allocation set is defined by one or more reserved

subframe allocation patterns.
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43. (Previously Presented) The base station of claim 42, wherein the one or
more reserved subframe allocation patterns comprise substantially all or a subset of

all reserved subframe allocation patterns of the LTE host carrier.

44. (Previously Presented) The base station of claim 42 wherein acquisition
information required for the second type of terminal device to receive the
subordinate carrier is allocated to subframes of the subordinate carrier using at
least a portion of the subframes in the one or more reserved subframe allocation

patterns.

45. (Currently Amended) The base station of claim 40, wherein the first type

of terminal device is capable of receiving a full bandwidth of the host bandwidth

frst—frequeney—band, wherein the second type of terminal device is incapable of

receiving the full bandwidth efthe—frst—frequeneyband, and wherein the second

type of terminal device is capable of receiving the full bandwidth of the subordinate

bandwidth secondfrequency-band.

46. (Currently Amended) A method performed by a base station, the method

comprising:
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communicating, wirelessly by a processor of the base station, with a first type
of terminal device and a second type of terminal device;

transmitting, by a transceiver of the base station, a first signal on a long
term evolution (LTE) host carrier, wherein the first signal includes a master
information block (MIB)—wherein—the-MIB that includes bits indicating a secend

frequeney-band subordinate carrier for use by the second type of terminal device;

transmitting, by the transceiver, a second signal to the first type of terminal
device on the LTE host carrier having radio resource segments allocated in a first

time period, wherein each radio resource segment uses radio resources across a first

frequeney-band host bandwidth;

transmitting, by the base station, a subordinate carrier master information

block (MIB) that indicates a subordinate bandwidth, wherein resource elements of

the subordinate bandwidth are based on a length of the subordinate carrier master

information block (MIB):

transmitting, by the transceiver ef—the—base—station—within—the—second

frequeney—band on the subordinate carrier, a third signal to the second type of

terminal device usinga-subordinate—earrier with allocated resources that are a

subset of the LTE host carrier radio resource segments in the first time period;

wherein the secondfrequeneyband subordinate bandwidth is narrower than

the frst-frequeneyband host bandwidth and contained within the host bandwidth

frstfrequeney-band; and
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wherein in a second time period the subset of the LTE host carrier radio

resource segments is used to communicate with the first type of terminal device.

47. (Previously Presented) The method of claim 46 further comprising:

the radio resource segments are subframes of radio frames having a plurality
of subframes; and

subframes are allocated to the subordinate carrier using a subordinate
carrier subframe allocation set, wherein the subordinate carrier subframe allocation
set determines which subframes within a repeating group of one or more radio

frames are allocated to the subordinate carrier.

48. (Previously Presented) The method of claim 47, wherein the subordinate
carrier subframe allocation set is defined by one or more reserved subframe

allocation patterns.

49. (Previously Presented) The method of claim 48, wherein the one or more
reserved subframe allocation patterns comprise substantially all or a subset of all

reserved subframe allocation patterns of the LTE host carrier.

50. (Previously Presented) The method of claim 48 wherein acquisition

information required for the second type of terminal device to receive the

-6 -
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subordinate carrier is allocated to subframes of the subordinate carrier using at
least a portion of the subframes in the one or more reserved subframe allocation

patterns.

51. (Currently Amended) The method of claim 46, wherein the first type of

terminal device is capable of receiving a full bandwidth of the host bandwidth fxst

frequeney-band, wherein the second type of terminal device is incapable of receiving

the full bandwidth ef-thefirstfrequeneyband, and wherein the second type of

terminal device is capable of receiving the full bandwidth of the subordinate

bandwidth seeondfrequenesband.
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Amendments to the Specification:

Please substitute the Abstract with the following new Abstract:
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ABSTRACT

A base station may transmit a signal on a long term evolution (LTE) host
carrier that includes a master information block (MIB) indicating a subordinate
carrier. The base station may also transmit a signal on a LTE host carrier having
radio resource segments allocated, wherein each radio resource segment uses radio
resources across a host bandwidth. The base station may also transmit a
subordinate carrier master information block (MIB) that indicates a subordinate
bandwidth, wherein resource elements of the subordinate bandwidth are based on a

length of the subordinate carrier master information block (MIB).
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REMARKS/ARGUMENTS

After the foregoing Amendment, claims 40-51 are currently pending in this
application. Claims 1-39 are canceled. Claims 40, 45, 46, and 51 are amended. A

new abstract is submitted herewith.

Examiner Interview

Applicant thanks the Examiner for granting a telephonic interview with the
Applicant's representative on September 6, 2017. The substance of the telephonic
interview is reflected in part in the interview summary mailed September 13, 2017.
Applicant explained how the transmission and frame structure of claim 40 is

different than Wallen. No agreement was reached.

Claim Rejections - 35 U.S.C. § 102(e)

Claims 40, 45, 46, and 51 are rejected under 35 U.S.C. § 102(e) as being
anticipated by U.S. Publication No. 2012/0327895 to Wallen et al. (hereinafter
“Wallen”). Without conceding the propriety of the rejection, and in an effort to
advance prosecution, claim 40 is amended in view of the interview held September
7. Wallen relates to using a master information block “to enable the first type of
communication device to establish a connection with the host cell, and a second part
comprising second part information directly or indirectly enabling the second type of

communication device to obtain parameters that enable connection establishment

-10 -
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with the host cell.” (See Abstract of Wallen.) Wallen at least does not teach or
suggest that combination of features where a base station that transmits “a first
signal on a long term evolution (LTE) host carrier, wherein the first signal includes
a master information block (MIB) that includes bits indicating subordinate carrier
for use by the second type of terminal device...to transmit a subordinate carrier
master information block (MIB) that indicates a subordinate bandwidth, wherein
resource elements of the subordinate bandwidth are based on a length of the
subordinate carrier master information block (MIB)...to a third signal to the second
type of terminal device with allocated resources that are a subset of the LTE host
carrier radio resource segments in the first time period...wherein the subordinate
bandwidth is narrower than the host bandwidth and contained within the host
bandwidth...wherein in a second time period the subset of the LTE host carrier
radio resource segments is used to communicate with the first type of terminal
device” of amended claim 40.

Exemplary support for the frame structure in amended claim 40 may at least
be found in paragraph [0087]-[0089] of the pre-grant publication of the present
application:

...Generally, the Master Information Block 830 provides sufficient

information to gain access to the first of the System Information Blocks

(SIB1), which in turn provides sufficient information to gain access to

SIB2 et seq. SIB2 includes parameters relating to the reservation of

MBSFN subframes (as described above). Legacy LTE devices using the

host carrier will therefore be informed of the subframes reserved for
use by the subordinate carrier (or for other purposes, for example

-11 -
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MBMS or relay backhaul) when they decode SIB2. They will therefore
know that these subframes cannot be used and to ignore them. Within
the central portion 810 of some or all of the radio frames (every other
radio frame in this example) is a portion 850 allocated to the
subordinate carrier. For the sake of clarity the portion 850 shown in
FIG. 8 is contiguous, but it will be appreciated from FIGS. 5A to 5D for
example that this may not be the case. The portions 850 are used to
transmit data and signalling to low capability devices using the
subordinate carrier. Within the allocated portion 850 of the first radio
frame is a subordinate carrier MIB (scMIB) 860 carrying various
information required for a low capability device to acquire the
remainder of the subordinate carrier system information.
(Paragraph [0087] of U.S. Pub. No. 2014-0376509)

[0088] Within the allocated, portion 850 of the second radio frame is
system information 870 relating to the subordinate carrier. This
system information 870 provides information required for a terminal
device to camp on to the subordinate carrier. It will be appreciated that
the locations of the scMIB 860 and the system information 870 is
purely exemplary. The important point is that the scMIB 860 and the
system information 870 are conveyed in the allocated portions 850. As
described in detail above, the location and periodicity of the scMIB
would probably be fixed (predetermined). The system information 870,
which could be conveyed in the form of System Information Blocks in a
similar manner to with the host carrier, may be predetermined, or
dynamically allocated (scheduled), depending on implementation.
(Paragraph [0088] of U.S. Pub. No. 2014-0376509)

[0089] In the host carrier, the MIB and any associated SIBs together
provide the parameters necessary for system access using the host
carrier. Similarly, in the subordinate carrier, the scMIB and any
associated SIBs carried in subframes allocated to the subordinate
carrier provide the parameters necessary for system access using the
subordinate carrier. In both cases, the UE (legacy or MTC) requires the
MIB to decode the shared channel (and thus access SIBs). The MIB
contains downlink system bandwidth of the host carrier and the
system frame number. (Paragraph [0089] of U.S. Pub. No. 2014-
0376509)

-12 -
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Thus, and as explained in the interview on September 6, 2017, the frame
structure claimed in part in amended claim 45 is different than that given in figure
9 of Wallen. In particular, Wallen at least does not teach or suggest “the transceiver
further configured to transmit a subordinate carrier master information block (MIB)
that indicates a subordinate bandwidth, wherein resource elements of the
subordinate bandwidth are based on a length of the subordinate carrier master
information block (MIB)” of amended claim 40.

Amended claim 45 is allowable for at least the same reasons given above for
amended claim 40. Amended claim 46 is allowable for at least the same reasons
given above for amended claim 40. Amended claim 51 is allowable for at least the
same reasons given for amended claim 46. Based on the arguments presented
above, withdrawal of the 35 U.S.C. § 102(e) rejection of claims 40, 45, 46, and 51 is

respectfully requested.

Claim Rejections - 35 U.S.C. § 103(a)

Claims 41-44 and 47-50 are rejected under 35 U.S.C. § 103(a) as being
unpatentable over Wallen, in view of U.S. Publication No. 2012/0263093 to Roessel
et al. (hereinafter “Roessel”). Claims 41-44 and 47-50 are allowable for at least the
same reasons given above for amended claims 40 and 46, respectively. Roessel does

not cure any of the aforementioned deficiencies of Wallen. Based on the arguments

-13 -
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presented above, withdrawal of the 35 U.S.C. § 103(a) rejection of claims 41-44 and
47-50 is respectfully requested.

Claims 45 and 51 are rejected under 35 U.S.C. § 103(a) as being unpatentable
over Wallen, in view of U.S. Publication No. 2008/0069060 to Das et al. (hereinafter
“Das”). Claims 45 and 51 are allowable for at least the same reasons given above for
amended claims 40 and 46, respectively. Das does not cure any of the
aforementioned deficiencies of Wallen. Based on the arguments presented above,
withdrawal of the 35 U.S.C. § 103(a) rejection of claims 45 and 51 is respectfully

requested.

Conclusion

It should also be noted that although arguments have been presented with
respect to certain claims herein, the recited subject matter as well as various other
subject matter and/or combinations of subject matter may be patentable for other
reasons. Further, the failure to address any statement by the Examiner herein
should not be interpreted as acquiescence or agreement with such statement. The
Applicant expressly reserves the right to set forth additional and/or alternative
reasons for patentability and/or allowance with the present application or in any
other future proceeding, and to rebut any statement presented by the Examiner in

this or other papers during prosecution of the present application.

-14 -
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If the Examiner believes that any additional minor formal matters need to
be addressed in order to place this application in condition for allowance, or that a
telephonic interview will help to materially advance the prosecution of this
application, the Examiner is invited to contact the undersigned by telephone at the
Examiner's convenience.

In view of the foregoing, Applicant respectfully submits that the present
application, including claims 40-51, is in condition for allowance and a notice to that
effect is respectfully requested.

Respectfully submitted,
Intellectual Ventures Holding 81 LLC
By: /Harry Vartanian/

Harry Vartanian
Registration No. 56,787

Volpe and Koenig, P.C.

30 South 17th Street
Philadelphia, PA 19103-4009
Telephone: (215) 568-6400
Facsimile: (215) 568-6499

JMG/HV/eam

-15 -
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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 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 DOCKETNO. | CONFIRMATION NO. |
14/372,363 07/15/2014 Philip Young IPW2-USAP205496 1411
3624 7590 09/13/2017
EXAMINER
VOLPE AND KOENIG, P.C. | |
UNITED PLAZA WOOD, JONATHAN
30 SOUTH 17TH STREET, 18th Floor
PHILADELPHIA, PA 19103 | ART UNIT | PAPER NUMBER |
2415
| NOTIFICATION DATE | DELIVERY MODE |
09/13/2017 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

eoffice@volpe-koenig.com
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Application No. Applicant(s)

. rs ) 14/372,363 YOUNG, PHILIP
Applicant-Initiated Interview Summary
Examiner Art Unit
JONATHAN B. WOOD 2415

All participants (applicant, applicant's representative, PTO personnel):

(1) JONATHAN B. WOOD. (3) .

(2) HARRY VARTANIAN (Reg. # 56.787). (4) .

Date of Interview: 06 September 2017.

Type: [X Telephonic [] Video Conference
[ Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [ Yes X No.
If Yes, brief description:

Issues Discussed []101 [J112 X102 []103 []Others
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 40.

Identification of prior art discussed: Wallen (US 2012/0327895).

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

A discussion was held reqarding the Wallen reference as applied to the recited limitations in independent claim 40. In
particular,_using an MIB transmitted in a first frequency band to indicate a second frequency band for use by another
type of device, and the associated aspect that the second frequency is narrower than_and contained within, the first
frequency band. The examiner stated that Wallen seemed to broadly malch the recitation, but that an arqument might
be made in terms of the first frequency band being more limited than that stated in the office action (i.e. the system
banawidth). Fiqure 9 of Wallen was reviewed_ and the examiner indicated that an arqument comparing that figure to
specification fiqure 8 (and particularly pointing out important differences) could be helpful to advance prosecution. The
examiner further indicated that providing more details for the MIB bits used for identifying the second frequency, and/or
for the way the various frequencies are related to each other may help differentiate from the cited prior art.

No agreement was reached as to the pertinence of the Wallen reference, or as to the allowability of the claims.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

] Attachment

. B.W./ /JEFFREY M RUTKOWSKI/
Examiner, Art Unit 2415 Supervisory Patent Examiner, Art Unit 2415

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20170906
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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To: eoffice@volpe-koenig.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 3624

Sep 13, 2017 03:46:35 AM
Dear PAIR Customer:

VOLPE AND KOENIG, P.C.

UNITED PLAZA

30 SOUTH 17TH STREET, 18th Floor
PHILADELPHIA, PA 19103

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 3624 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
14372363 CTNF 08/18/2017 IPW2-USAP205496
892 08/18/2017 IPW2-USAP205496
INTV.SUM.APP  09/13/2017 IPW2-USAP205496

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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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 DOCKETNO. | CONFIRMATION NO. |
14/372,363 07/15/2014 Philip Young IPW2-USAP205496 1411
3624 7590 08/18/2017
EXAMINER
VOLPE AND KOENIG, P.C. | |
UNITED PLAZA WOOD, JONATHAN
30 SOUTH 17TH STREET, 18th Floor
PHILADELPHIA, PA 19103 | ART UNIT | PAPER NUMBER |
2415
| NOTIFICATION DATE | DELIVERY MODE |
08/18/2017 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

eoffice@volpe-koenig.com
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Application No. Applicant(s)
14/372,363 YOUNG, PHILIP

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
JONATHAN B. WOOD 2415 ,S\l*gt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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)[X Responsive to communication(s) filed on 04/03/2017.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
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
; the restriction requirement and election have been incorporated into this action.
4)[] 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, 453 O.G. 213.

Disposition of Claims*
5K Claim(s) 40-51 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) X Claim(s) 40-51 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 07/15/2014 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).

Priority under 35 U.S.C. § 119
12)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)XJ Al b)[] Some** ¢)[] None of the:
1.[X] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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) 3) D Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.

2) |:| Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) D Other- —

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (RéPPR2025-00220 Office Action Sunilairg005 Part of Paper Nd7&8@@ B3t@b6400731



Application/Control Number: 14/372,363 Page 2
Art Unit: 2415

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Continued Examination Under 37 CFR 1.114

2. A request for continued examination under 37 CFR 1.114, including the fee set
forthin 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on
04/03/2017 has been entered.

In that filing, claims 40, 43, 46 and 49 are amended, no claims are added or

canceled, and claims 40-51 are pending examination.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of pre-AlA 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 —
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Application/Control Number: 14/372,363 Page 3
Art Unit: 2415

(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.

4. Claims 40, 45, 46 and 51 are rejected under pre-AlA 35 U.S.C. 102(e) as being

anticipated by Wallen et al. USPG-Pub 2012/0327895-A1 (hereinafter Wallen).

5. Regarding claims 40 and 46, and using claim 40 as the exemplary recitation for
the claim group, Wallen discloses a base station (NN 201) comprising: a processor
(Processor 1205) configured to wirelessly communicate (cellular communication) with a
first type of terminal device (L-UE 205) and a second type of terminal device (MTC 207)
{FIG 2 shows an exemplary cell 203 of a cellular communication system (see FIG 1),
including Network Node (NN) 201 wirelessly communicating with at least one LTE
compliant Legacy User Equipment (L-UE) 205 and at least one reduced Bandwidth
(BW) communication device 207, which is also referred to as MTC 207 (i.e. a Machine
Type Communication device). FIG 12 shows a hardware block diagram of at least a
portion of circuitry comprised within NN 201, including a Processor 1205 and a
Transceiver 1203}; a transceiver (Transceiver 1203) configured to transmit a first signal
(MIB signal) on a long term evolution (LTE) host carrier LTE (LTE host cell carrier),
wherein the first signal (MIB signal) includes a master information block (MIB) (MIB),
wherein the MIB includes bits (information) indicating a second frequency band

(reduced BW M-SIB, M-Cell, etc.) for use by the second type of terminal device (MTC
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207) {The abstract describes a control channel that extends over a first BW and a first
type of communication device that is capable of receiving the first BW (i.e. L-UE 205).
Further described is use of an MIB occupying a second BW (which is a portion of and
smaller than the first BW) for communication with a second type of communication
device that has reduced BW capabilities (i.e. MTC 207). The MIB provides information
to the various devices enabling them to establish a connection to the host cell. The MIB
has a first portion providing information for the first type of communication device, and a
second portion providing information for the second type of communication device.
[0005] describes use of LTE operating BWs and carrier frequencies. FIG 9 shows an
exemplary time/frequency diagram of a portion of the disclosed LTE signaling, including
transmission of the MIB 901 and various System Information Blocks (SIBs). [0068]
describes the MIB 901 as occupying its standard location in the host cell, and including
time/frequency information that informs the MTC device of a location of the resource
blocks allocated to a legacy SIB. [0069] describes the MIB 901 including time/frequency
information that informs the MTC device of a location of the resource blocks allocated to
an MTC specific M-SIB. [0070]-[0072] describes the MIB 901 including time/frequency
information that informs the MTC device of a location of the resource blocks allocated to
an MTC specific M-Cell, M-RACH and M-PDDDH respectively. As such, the host cell
transmits an MIB that provides time/frequency information necessary for an MTC device
to communicate with the host cell}; the transceiver (Transceiver 1203) further configured
to transmit a second signal (PDCCH) to the first type of terminal device (L-UE 205) on

the LTE host carrier (LTE host cell carrier) having radio resource segments allocated in
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a time period (time/frequency resources allocated), wherein each radio resource
segment (time/frequency resource) provides radio resources across a first frequency
band (first BW) {FIG 9 shows portions of the time/frequency spectrum that are
dedicated to transmission of PDCCH across the full width of the first BW. [0007]
describes decoding of the PDCCH by communication devices (e.g. L-UEs) to determine
resource blocks used for SIB transmissions, and [0008] describes the PDCCH as
occupying the whole system BW and that communication devices need to be able to
receive and decode that BW}; the transceiver (Transceiver 1203) further configured to,
within the second frequency band (reduced BW M-SIB, M-Cell, etc.), transmit a third
signal (M-SIB) fo the second type of terminal device (MTC 207) using a subordinate
carrier (reduced portion of whole BW) with allocated resources (time/frequency
resources allocated) that are a subset of the LTE host carrier radio resource segments
(portion of LTE host cell carrier) in the first time period (time/frequency resources for M-
RACH) {FIG 9 shows an exemplary time/frequency diagram of a portion of the disclosed
LTE signaling, including transmission of the MIB 901 and various SIBs. [0069] describes
the MIB 901 including time/frequency information that informs the MTC device of a
location of the resource blocks allocated to an MTC specific M-SIB. [0070]-[0072]
describes the MIB 901 including time/frequency information that informs the MTC
device of a location of the resource blocks allocated to an MTC specific M-Cell, M-
RACH and M-PDDDH respectively. As such, the time/frequency information sent in the
MIB allocates portions of the host cell BW such that MTC devices will be able to receive

and decode the M-SIB, M-Cell, etc.}; wherein the second frequency band (reduced BW)
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is narrower than the first frequency band (smaller than the system BW) and contained
within the first frequency band (a portion of the system BW) {The abstract describes a
control channel (i.e. PDCCH) that extends over a first BW (i.e. the whole system BW)
and a first type of communication device that is capable of receiving the first BW (i.e. L-
UE 205). Further described is use of an MIB occupying a second BW (i.e. reduced BW),
which is a portion of and smaller than the first BW, for communication with a second
type of communication device that has reduced BW capabilities (i.e. MTC 207)}; and
wherein in a second time period (different time period) the subset of the LTE host carrier
radio resource segments (portion of time/frequency resource) is used to communicate
(establish connection - i.e. perform RACH) with the first type of terminal device (L-UE
205) {FIG 9 shows an exemplary time/frequency diagram of a portion of the disclosed
LTE signaling, including transmission of the MIB 901 and various SIBs. [0069]-[0072]
describes the MIB 901 including time/frequency information that informs the MTC
device of a location of the resource blocks allocated to an MTC specific M-SIB, M-Cell,
M-RACH and M-PDDDH respectively. FIG 9 also shows that he connection
establishment processes (i.e. RACH and M-RACH) are performed in different time slots
using the same frequency resources. As such, both devices can communicate with the

host cell using the same frequency resources but different time periods}.

6. Specifically for claim 46, Wallen discloses a method performed by a base station

{FIG 8 shows a method performed by NN 201 for configuring and transmitting the MIB}.
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7. Regarding claims 45 and 51, Wallen discloses all the limitations of parent
claims 40 and 46 respectively. Using claim 45 as the exemplary recitation for the claim
group, Wallen discloses the first type of terminal device (L-UE 205) is capable of
receiving (receives and decodes) a full bandwidth of the first frequency band (whole
system BW), wherein the second type of terminal device (MTC 207) is incapable of
receiving (cannot receive and decode) the full bandwidth of the first frequency band
(whole system BW), and wherein the second type of terminal device (MTC 207) is
capable of receiving (receives and decodes) the full bandwidth of the second frequency
band (reduced frequency BW) {The abstract describes a control channel (i.e. PDCCH)
that extends over a first BW (i.e. the whole system BW) and a first type of
communication device that is capable of receiving the first BW (i.e. L-UE 205). Further
described is use of an MIB occupying a second BW (i.e. reduced BW), which is a
portion of and smaller than the first BW, for communication with a second type of
communication device that has reduced BW capabilities (i.e. MTC 207). [0007]
describes decoding of the PDCCH by communication devices (e.g. L-UEs) to determine
resource blocks used for SIB transmissions, and [0008] describes the PDCCH as
occupying the whole system BW and that communication devices need to be able to
receive and decode that BW. [0015] describes the incompatibility of MTC devices that
support only low BW and having insufficient decoding performance for the full LTE BW.
[0081] describes the MTC device being able to receive and decode the reduced BW

MIB}.
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Claim Rejections - 35 USC § 103
8. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

9. Claims 41-44 and 47-50 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Wallen, in view of Roessel et al. USPG-Pub 2012/0263093-A1

(hereinafter Roessel).

10.  Regarding claims 41 and 47, Wallen discloses all the limitations of parent
claims 40 and 46 respectively. Using claim 41 as the exemplary recitation for the claim
group, Wallen discloses the radio resource segments (time/frequency resources) are
subframes of radio frames (subframes of radio frame) having a plurality of subframes
(multiple subframe portions) {FIG 6 shows a radio frame used by cellular
communications system. Each radio frame is divided into multiple subframes, and each
subframe is divided into multiple slots}.

Wallen discloses a wireless communication networks supporting BW allocations
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for multiple uses. Further, Wallen discloses pre-defined sets of time/frequency
resources and/or positions (see [0024], [0025]). However, Wallen fails to specifically
disclose use of subframe allocation sets. Roessel discloses a wireless communication
network supporting BW allocations for multiple uses. Further, Roessel discloses
subframes are allocated (subframe allocation) fo the subordinate carrier (sub-carrier)
using a subordinate carrier subframe allocation set (co-channel allocation sets), wherein
the subordinate carrier subframe allocation set (co-channel allocation sets) determines
which subframes (time domain subframe) within a repeating group (periodically
recurring pattern) of one or more radio frames are allocated to the subordinate carrier
(frequency domain sub-carrier) {{0162] describes channel control that can define co-
channels through the use of frequency sub-carrier and time subframe allocation sets.
[0082] describes use of periodically recurring patterns of frame/subframe structure}. It
would have been obvious to one of ordinary skill in the art at the time the invention was
made to modify the allocation methods of Wallen with the allocation methods of Roessel
to reduce interference between wide area macro networks and local area networks

{[0133]}.

11.  Regarding claims 42 and 48, the combination of Wallen and Roessel disclose all
the limitations of parent claims 40, 41 and 46, 47 respectively. Claim 42 is used as the
exemplary recitation for the claim group. Wallen discloses a wireless communication
networks supporting BW allocations for multiple uses. Further, Wallen discloses pre-

defined sets of time/frequency resources and/or positions (see [0024], [0025]).
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However, Wallen fails to specifically disclose use of subframe allocation sets. Roessel
discloses a wireless communication network supporting BW allocations for multiple
uses. Further, Roessel discloses the subordinate carrier subframe allocation set (co-
channel allocation sets) is defined by one or more reserved subframe allocation
patterns (pre-defined allocation patterns) {{0162] describes channel control that can
define co-channels through the use of frequency sub-carrier and time subframe
allocation sets. [0191] describes use of pre-defined allocation patterns that attempt to
be mutually disjoint in frequency and time}. It would have been obvious to one of
ordinary skill in the art at the time the invention was made to modify the allocation
methods of Wallen with the allocation methods of Roessel to reduce interference

between wide area macro networks and local area networks {[0133]}.

12.  Regarding claims 43 and 49, the combination of Wallen and Roessel disclose all
the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively. Claim 43 is used
as the exemplary recitation for the claim group. Wallen discloses a wireless
communication networks supporting BW allocations for multiple uses. Further, Wallen
discloses pre-defined sets of time/frequency resources and/or positions (see [0024],
[0025]). However, Wallen fails to specifically disclose use of subframe allocation sets.
Roessel discloses a wireless communication network supporting BW allocations for
multiple uses. Further, Roessel discloses the one or more reserved subframe allocation
patterns (pre-defined allocation patterns) comprise substantially all or a subset of all

reserved subframe allocation patterns (all mini-CCEs) of the LTE host carrier (host
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frequency resources) {[0191] describes pre-defined allocation patterns are used to form
mini-Channel Control Elements (mini-CCESs) or resource element groups. [0195]
describes that the macro cell may allocate all mini-CCEs}. It would have been obvious
to one of ordinary skill in the art at the time the invention was made to modify the
allocation methods of Wallen with the allocation methods of Roessel to reduce

interference between wide area macro networks and local area networks {[0133]}.

13.  Regarding claims 44 and 50, the combination of Wallen and Roessel disclose all
the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively. Using claim 44
is used as the exemplary recitation for the claim group, Wallen discloses acquisition
information (M-PDCCH allocation information) required for the second type of terminal
device (MTC 207) fo receive the subordinate carrier (M-PDCCH) is allocated to
subframes of the subordinate carrier (portions of available BW) using at least a portion
of the subframes (subframe portions) in the one or more reserved subframe allocation
patterns (reserved subframe locations) {{0044] describes particular subframes being
reserved for M-PDCCH transmissions. [0074] describes MTC devices obtaining MTC

specific information via pre-defined time/frequency locations}.

14.  Claims 45 and 51 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Wallen, in view of Das et al. USPG-Pub 2008/0069060-A1

(hereinafter Das).
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Response to Arguments
15.  Applicant's arguments on pages 11-13 of Remarks filed 09/12/2016 regarding
rejection of claims 40-51 under 35 USC 103 have been fully considered but they are
moot because they do not apply to all of the references being used in the current

rejection.

Conclusion

16.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JONATHAN B. WOOD whose telephone number is
(571)270-0175. The examiner can normally be reached on MON-FRI, 7:30AM-5:00PM
EST, Alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, JEFFREY RUTKOWSKI can be reached on 571-270-1215. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.

IPR2025-00220 Exhibit 2005 Page 84 of 640



Application/Control Number: 14/372,363 Page 13
Art Unit: 2415

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.

/J.B.W./
Examiner, Art Unit 2415

/JEFFREY M RUTKOWSKI/
Supervisory Patent Examiner, Art Unit 2415
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UNITED STATES
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accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
14372363 CTNF 08/18/2017 IPW2-USAP205496
892 08/18/2017 IPW2-USAP205496

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Application No. Applicant(s)
14/372,363 YOUNG, PHILIP

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
JONATHAN B. WOOD 2415 ,S\l*gt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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)[X Responsive to communication(s) filed on 04/03/2017.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
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
; the restriction requirement and election have been incorporated into this action.
4)[] 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, 453 O.G. 213.

Disposition of Claims*
5K Claim(s) 40-51 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) X Claim(s) 40-51 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 07/15/2014 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).

Priority under 35 U.S.C. § 119
12)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)XJ Al b)[] Some** ¢)[] None of the:
1.[X] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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.
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Application/Control Number: 14/372,363 Page 2
Art Unit: 2415

DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Continued Examination Under 37 CFR 1.114

2. A request for continued examination under 37 CFR 1.114, including the fee set
forthin 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on
04/03/2017 has been entered.

In that filing, claims 40, 43, 46 and 49 are amended, no claims are added or

canceled, and claims 40-51 are pending examination.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of pre-AlA 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 —
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(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.

4. Claims 40, 45, 46 and 51 are rejected under pre-AlA 35 U.S.C. 102(e) as being

anticipated by Wallen et al. USPG-Pub 2012/0327895-A1 (hereinafter Wallen).

5. Regarding claims 40 and 46, and using claim 40 as the exemplary recitation for
the claim group, Wallen discloses a base station (NN 201) comprising: a processor
(Processor 1205) configured to wirelessly communicate (cellular communication) with a
first type of terminal device (L-UE 205) and a second type of terminal device (MTC 207)
{FIG 2 shows an exemplary cell 203 of a cellular communication system (see FIG 1),
including Network Node (NN) 201 wirelessly communicating with at least one LTE
compliant Legacy User Equipment (L-UE) 205 and at least one reduced Bandwidth
(BW) communication device 207, which is also referred to as MTC 207 (i.e. a Machine
Type Communication device). FIG 12 shows a hardware block diagram of at least a
portion of circuitry comprised within NN 201, including a Processor 1205 and a
Transceiver 1203}; a transceiver (Transceiver 1203) configured to transmit a first signal
(MIB signal) on a long term evolution (LTE) host carrier LTE (LTE host cell carrier),
wherein the first signal (MIB signal) includes a master information block (MIB) (MIB),
wherein the MIB includes bits (information) indicating a second frequency band

(reduced BW M-SIB, M-Cell, etc.) for use by the second type of terminal device (MTC
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207) {The abstract describes a control channel that extends over a first BW and a first
type of communication device that is capable of receiving the first BW (i.e. L-UE 205).
Further described is use of an MIB occupying a second BW (which is a portion of and
smaller than the first BW) for communication with a second type of communication
device that has reduced BW capabilities (i.e. MTC 207). The MIB provides information
to the various devices enabling them to establish a connection to the host cell. The MIB
has a first portion providing information for the first type of communication device, and a
second portion providing information for the second type of communication device.
[0005] describes use of LTE operating BWs and carrier frequencies. FIG 9 shows an
exemplary time/frequency diagram of a portion of the disclosed LTE signaling, including
transmission of the MIB 901 and various System Information Blocks (SIBs). [0068]
describes the MIB 901 as occupying its standard location in the host cell, and including
time/frequency information that informs the MTC device of a location of the resource
blocks allocated to a legacy SIB. [0069] describes the MIB 901 including time/frequency
information that informs the MTC device of a location of the resource blocks allocated to
an MTC specific M-SIB. [0070]-[0072] describes the MIB 901 including time/frequency
information that informs the MTC device of a location of the resource blocks allocated to
an MTC specific M-Cell, M-RACH and M-PDDDH respectively. As such, the host cell
transmits an MIB that provides time/frequency information necessary for an MTC device
to communicate with the host cell}; the transceiver (Transceiver 1203) further configured
to transmit a second signal (PDCCH) to the first type of terminal device (L-UE 205) on

the LTE host carrier (LTE host cell carrier) having radio resource segments allocated in
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a time period (time/frequency resources allocated), wherein each radio resource
segment (time/frequency resource) provides radio resources across a first frequency
band (first BW) {FIG 9 shows portions of the time/frequency spectrum that are
dedicated to transmission of PDCCH across the full width of the first BW. [0007]
describes decoding of the PDCCH by communication devices (e.g. L-UEs) to determine
resource blocks used for SIB transmissions, and [0008] describes the PDCCH as
occupying the whole system BW and that communication devices need to be able to
receive and decode that BW}; the transceiver (Transceiver 1203) further configured to,
within the second frequency band (reduced BW M-SIB, M-Cell, etc.), transmit a third
signal (M-SIB) fo the second type of terminal device (MTC 207) using a subordinate
carrier (reduced portion of whole BW) with allocated resources (time/frequency
resources allocated) that are a subset of the LTE host carrier radio resource segments
(portion of LTE host cell carrier) in the first time period (time/frequency resources for M-
RACH) {FIG 9 shows an exemplary time/frequency diagram of a portion of the disclosed
LTE signaling, including transmission of the MIB 901 and various SIBs. [0069] describes
the MIB 901 including time/frequency information that informs the MTC device of a
location of the resource blocks allocated to an MTC specific M-SIB. [0070]-[0072]
describes the MIB 901 including time/frequency information that informs the MTC
device of a location of the resource blocks allocated to an MTC specific M-Cell, M-
RACH and M-PDDDH respectively. As such, the time/frequency information sent in the
MIB allocates portions of the host cell BW such that MTC devices will be able to receive

and decode the M-SIB, M-Cell, etc.}; wherein the second frequency band (reduced BW)
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is narrower than the first frequency band (smaller than the system BW) and contained
within the first frequency band (a portion of the system BW) {The abstract describes a
control channel (i.e. PDCCH) that extends over a first BW (i.e. the whole system BW)
and a first type of communication device that is capable of receiving the first BW (i.e. L-
UE 205). Further described is use of an MIB occupying a second BW (i.e. reduced BW),
which is a portion of and smaller than the first BW, for communication with a second
type of communication device that has reduced BW capabilities (i.e. MTC 207)}; and
wherein in a second time period (different time period) the subset of the LTE host carrier
radio resource segments (portion of time/frequency resource) is used to communicate
(establish connection - i.e. perform RACH) with the first type of terminal device (L-UE
205) {FIG 9 shows an exemplary time/frequency diagram of a portion of the disclosed
LTE signaling, including transmission of the MIB 901 and various SIBs. [0069]-[0072]
describes the MIB 901 including time/frequency information that informs the MTC
device of a location of the resource blocks allocated to an MTC specific M-SIB, M-Cell,
M-RACH and M-PDDDH respectively. FIG 9 also shows that he connection
establishment processes (i.e. RACH and M-RACH) are performed in different time slots
using the same frequency resources. As such, both devices can communicate with the

host cell using the same frequency resources but different time periods}.

6. Specifically for claim 46, Wallen discloses a method performed by a base station

{FIG 8 shows a method performed by NN 201 for configuring and transmitting the MIB}.
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7. Regarding claims 45 and 51, Wallen discloses all the limitations of parent
claims 40 and 46 respectively. Using claim 45 as the exemplary recitation for the claim
group, Wallen discloses the first type of terminal device (L-UE 205) is capable of
receiving (receives and decodes) a full bandwidth of the first frequency band (whole
system BW), wherein the second type of terminal device (MTC 207) is incapable of
receiving (cannot receive and decode) the full bandwidth of the first frequency band
(whole system BW), and wherein the second type of terminal device (MTC 207) is
capable of receiving (receives and decodes) the full bandwidth of the second frequency
band (reduced frequency BW) {The abstract describes a control channel (i.e. PDCCH)
that extends over a first BW (i.e. the whole system BW) and a first type of
communication device that is capable of receiving the first BW (i.e. L-UE 205). Further
described is use of an MIB occupying a second BW (i.e. reduced BW), which is a
portion of and smaller than the first BW, for communication with a second type of
communication device that has reduced BW capabilities (i.e. MTC 207). [0007]
describes decoding of the PDCCH by communication devices (e.g. L-UEs) to determine
resource blocks used for SIB transmissions, and [0008] describes the PDCCH as
occupying the whole system BW and that communication devices need to be able to
receive and decode that BW. [0015] describes the incompatibility of MTC devices that
support only low BW and having insufficient decoding performance for the full LTE BW.
[0081] describes the MTC device being able to receive and decode the reduced BW

MIB}.
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Claim Rejections - 35 USC § 103
8. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

9. Claims 41-44 and 47-50 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Wallen, in view of Roessel et al. USPG-Pub 2012/0263093-A1

(hereinafter Roessel).

10.  Regarding claims 41 and 47, Wallen discloses all the limitations of parent
claims 40 and 46 respectively. Using claim 41 as the exemplary recitation for the claim
group, Wallen discloses the radio resource segments (time/frequency resources) are
subframes of radio frames (subframes of radio frame) having a plurality of subframes
(multiple subframe portions) {FIG 6 shows a radio frame used by cellular
communications system. Each radio frame is divided into multiple subframes, and each
subframe is divided into multiple slots}.

Wallen discloses a wireless communication networks supporting BW allocations
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for multiple uses. Further, Wallen discloses pre-defined sets of time/frequency
resources and/or positions (see [0024], [0025]). However, Wallen fails to specifically
disclose use of subframe allocation sets. Roessel discloses a wireless communication
network supporting BW allocations for multiple uses. Further, Roessel discloses
subframes are allocated (subframe allocation) fo the subordinate carrier (sub-carrier)
using a subordinate carrier subframe allocation set (co-channel allocation sets), wherein
the subordinate carrier subframe allocation set (co-channel allocation sets) determines
which subframes (time domain subframe) within a repeating group (periodically
recurring pattern) of one or more radio frames are allocated to the subordinate carrier
(frequency domain sub-carrier) {{0162] describes channel control that can define co-
channels through the use of frequency sub-carrier and time subframe allocation sets.
[0082] describes use of periodically recurring patterns of frame/subframe structure}. It
would have been obvious to one of ordinary skill in the art at the time the invention was
made to modify the allocation methods of Wallen with the allocation methods of Roessel
to reduce interference between wide area macro networks and local area networks

{[0133]}.

11.  Regarding claims 42 and 48, the combination of Wallen and Roessel disclose all
the limitations of parent claims 40, 41 and 46, 47 respectively. Claim 42 is used as the
exemplary recitation for the claim group. Wallen discloses a wireless communication
networks supporting BW allocations for multiple uses. Further, Wallen discloses pre-

defined sets of time/frequency resources and/or positions (see [0024], [0025]).
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However, Wallen fails to specifically disclose use of subframe allocation sets. Roessel
discloses a wireless communication network supporting BW allocations for multiple
uses. Further, Roessel discloses the subordinate carrier subframe allocation set (co-
channel allocation sets) is defined by one or more reserved subframe allocation
patterns (pre-defined allocation patterns) {{0162] describes channel control that can
define co-channels through the use of frequency sub-carrier and time subframe
allocation sets. [0191] describes use of pre-defined allocation patterns that attempt to
be mutually disjoint in frequency and time}. It would have been obvious to one of
ordinary skill in the art at the time the invention was made to modify the allocation
methods of Wallen with the allocation methods of Roessel to reduce interference

between wide area macro networks and local area networks {[0133]}.

12.  Regarding claims 43 and 49, the combination of Wallen and Roessel disclose all
the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively. Claim 43 is used
as the exemplary recitation for the claim group. Wallen discloses a wireless
communication networks supporting BW allocations for multiple uses. Further, Wallen
discloses pre-defined sets of time/frequency resources and/or positions (see [0024],
[0025]). However, Wallen fails to specifically disclose use of subframe allocation sets.
Roessel discloses a wireless communication network supporting BW allocations for
multiple uses. Further, Roessel discloses the one or more reserved subframe allocation
patterns (pre-defined allocation patterns) comprise substantially all or a subset of all

reserved subframe allocation patterns (all mini-CCEs) of the LTE host carrier (host

IPR2025-00220 Exhibit 2005 Page 107 of 640



Application/Control Number: 14/372,363 Page 11
Art Unit: 2415

frequency resources) {[0191] describes pre-defined allocation patterns are used to form
mini-Channel Control Elements (mini-CCESs) or resource element groups. [0195]
describes that the macro cell may allocate all mini-CCEs}. It would have been obvious
to one of ordinary skill in the art at the time the invention was made to modify the
allocation methods of Wallen with the allocation methods of Roessel to reduce

interference between wide area macro networks and local area networks {[0133]}.

13.  Regarding claims 44 and 50, the combination of Wallen and Roessel disclose all
the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively. Using claim 44
is used as the exemplary recitation for the claim group, Wallen discloses acquisition
information (M-PDCCH allocation information) required for the second type of terminal
device (MTC 207) fo receive the subordinate carrier (M-PDCCH) is allocated to
subframes of the subordinate carrier (portions of available BW) using at least a portion
of the subframes (subframe portions) in the one or more reserved subframe allocation
patterns (reserved subframe locations) {{0044] describes particular subframes being
reserved for M-PDCCH transmissions. [0074] describes MTC devices obtaining MTC

specific information via pre-defined time/frequency locations}.

14.  Claims 45 and 51 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Wallen, in view of Das et al. USPG-Pub 2008/0069060-A1

(hereinafter Das).
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Response to Arguments
15.  Applicant's arguments on pages 11-13 of Remarks filed 09/12/2016 regarding
rejection of claims 40-51 under 35 USC 103 have been fully considered but they are
moot because they do not apply to all of the references being used in the current

rejection.

Conclusion

16.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JONATHAN B. WOOD whose telephone number is
(571)270-0175. The examiner can normally be reached on MON-FRI, 7:30AM-5:00PM
EST, Alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, JEFFREY RUTKOWSKI can be reached on 571-270-1215. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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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.

/J.B.W./
Examiner, Art Unit 2415

/JEFFREY M RUTKOWSKI/
Supervisory Patent Examiner, Art Unit 2415
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Ref {iHits {{Search Query DBs Default iiPlurals jiTime
# Operator Stamp
S2 i "14372363" Us- ADJ ON 2016/02/22
PGPUB; 15:27
USPAT,;
DERWENT

S3 45 (philip near young).in. & (alton).inci. us ADJ ON 2016/02/23
PGPUB; 09:37
USPAT,;
DERWENT

S4 239 (intellectual ventures holding).as. | us ADJ ON 2016/02/23

(intellectual ventures holding).aanm. PGPUB; 09:38

USPAT,;
DERWENT

S5 y2 S3 & 4 Us- ADJ ON 2016/02/23
PGPUB; 09:39
USPAT;
DERWENT

S6 242 iS3 | A4 Us- ADJ ON 2016/02/23
PGPUB; 09:39
USPAT;
DERWENT

S7 i1 S6 & ((network (device | node)) with (first jUS- ADJ ON 2016/02/23
near (terminal | device | UE| (user PGPUB; 09:43
equipment) | mobile)) with (second near {{USPAT;

(terminal | device | UE| (user equipment) iDERWENT
| mobile))).cim.

S8 42 S6 & ((host carrier) with (resource near us- ADJ ON 2016/02/23
(segment | subframe))).clm. PGPUB; 09:45

USPAT;
DERWENT

S9 4 ("20090180430" | "20100135242").PN. Us- ADJ ON 2016/02/23
PGPUB; 09:51
USPAT;
DERWENT

S$10 {75141 {iH04W76/022,025,041,045.cpc. | Us- ADJ ON 2016/03/02
HO04W72/00,086.cpc. | HO4W72/04%.cpc. | {§PGPUB; 16:52
HO4W72/12%.cpc. | USPAT;

H04W88/00,02,18.cpc. | HO4W28/00.cpc. {iDERWENT
| HO4W84/02.cpc.

S11 410 ((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 16:59
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((host near carrier) with (time | DERWENT
TDD))

S12 {16673 {i((network near (device | node | switch | {US ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:00
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((host | carrier) with (time | TDD)) {DERWENT

S13 191768 i((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:05
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eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((first | primary) with (terminal | DERWENT
device | mobile | UE | WTRU | (user
equipment))) same ((second$4 | $2other)
with (terminal | device | mobile | UE |
WTRU | (user equipment)))
S14 41840 {((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:08
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((first | primary) with (terminal | DERWENT
device | mobile | UE | WTRU | (user
equipment))) same ((carrier | frequency)
with resource with (time | TDD))
S15 4210 ((network near (device | node | switch | us ADJ ON 2016/03/02
router)) | (base station) | BS! | eNB | PGPUB; 17:12
eNodeB | e-NodeB | (evolved nodeB)) USPAT;
same ((second$4 | $2other) with (terminal {DERWENT
| device | mobile | UE| WTRU | (user
equipment))) same ((carrier | frequency)
with resource with (time | TDD)) same
(subset | subordinate | part$4 | segment |
slice)
S16 {192 S$13 & S14 & S15 Us- ADJ ON 2016/03/02
PGPUB; 17:13
USPAT,;
DERWENT

S17 {95 S13 & S14 & S15 & S10 Us- ADJ ON 2016/03/02
PGPUB; 17:14
USPAT,;
DERWENT

518 {14 (US-20140362831-$ or US-20090180430-${US- ADJ ON 2016/03/03
or US-20100135242-$ or US- PGPUB; 12:49
20140094183-$ or US-20130242821-$ or {USPAT
US-20130114555-$ or US-20130088986-$
or US-20110274063-$ or US-
20100323709-$ or US-20100220607-$ or
US-20080232240-%).did. or (US-9094991-
$ or US-8619693-$ or US-8249635-$).did.

S$19 {8692 ii(frequency (band | bandwidth | BW!) with §US- ADJ ON 2016/03/03
(narrow$4 | small$4 | restrict$4 | parti$6) {PGPUB; 12:54
with (within | contain$4 | inside)) USPAT;

DERWENT

S20 19718 i((frequency near (band | bandwidth | us ADJ ON 2016/03/03
BW!)) with (narrow$4 | small$4 | PGPUB; 12:55
restrict$4 | parti$6) with (within | USPAT;
contain$4 | inside)) DERWENT

S21 {75244 {{H04W76/022,025,041,045.cpc. | Us- ADJ ON 2016/03/03
HO4W72/00,086.cpc. | HO4W72/04%.cpc. | §PGPUB; 12:55
HO4W72/12$.cpc. | USPAT;

H04W88/00,02,18.cpc. | HO4W28/00.cpc. {iDERWENT
| HO4W84/02.cpc.
S22 4589  {iS21 & S20 Us- ADJ ON 2016/03/03
PGPUB; 12:55
USPAT;
DERWENT

S23 114885 ii((frequency near (band | bandwidth | us ADJ ON 2016/03/03
BW!)) with (narrow$4 | small$4) with PGPUB; 12:56
(within | contain$4 | inside)) USPAT;

DERWENT
S24 1282 8218 823 s HADJ |ON 2016/03/03;
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PGPUB; 12:56
USPAT,;
DERWENT
S25 {74 (((second$4 | $2other) near frequency us ADJ ON 2016/03/03
near (band | bandwidth | BW!)) with PGPUB; 12:59
(narrow$4 | small$4) with (within | USPAT;
contain$4 | inside) with ((first | primary) {DERWENT
near frequency near (band | bandwidth |
BW)))
5286 {16 21 & 25 Us- ADJ ON 2016/03/03
PGPUB; 13:00
USPAT,;
DERWENT
S27 #90 (((second$4 | $2other) near frequency us ADJ ON 2016/03/03
near (band | bandwidth | BW!)) with PGPUB; 13:05
(narrow$4 | small$4) with (within | USPAT;
contain$4 | inside | "same") with ((first | {DERWENT
primary) near frequency near (band |
bandwidth | BW!)))
828 420 S21 & 7 Us- ADJ ON 2016/03/03
PGPUB; 13:06
USPAT,;
DERWENT
29 {70 S27 not 828 Us- ADJ ON 2016/03/03
PGPUB; 13:14
USPAT;
DERWENT
S30 73 (broadband with narrowband with (subset {{US- ADJ ON 2016/03/03
| subcarrier | subfrequency)) PGPUB; 13:30
USPAT;
DERWENT
S31 {26788 {iwlan with bluetooth Us- ADJ ON 2016/03/03
PGPUB; 13:37
USPAT;
DERWENT
832 2042 S21 & S31 Us- ADJ ON 2016/03/03
PGPUB; 13:37
USPAT;
DERWENT
S33 {586 (subframe | sub-frame) near (allocat$4 | {US ADJ ON 2016/03/03
assign$4) near (set | group) PGPUB; 14:42
USPAT;
DERWENT
S34 165 (subframe | sub-frame) near (allocat$4) us ADJ ON 2016/03/03
near (set) PGPUB; 14:43
USPAT;
DERWENT
S35 {11 ((subframe | sub-frame) near (allocat$4 | {{US- ADJ ON 2016/03/03
assign$4) near (set | group)) same PGPUB; 15:10
S4carrier USPAT;
DERWENT
S36 {25 (US-20140362831-$ or US-20090180430-$1{US- ADJ ON 2016/03/03
or US-20100135242-$ or US- PGPUB; 16:11
20140094183-$ or US-20130242821-$% or {{USPAT
US-20130114555-$ or US-20130088986-$
or US-20110274063-$ or US-
20100323709-$ or US-20100220607-$ or
US-20080232240-$ or US-20120250564-$
or US-20090247171-$ or US-
20080130486-$ or US-20070258417-$ or
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US-20120263093-$ or US-20120155361-%
or US-20120044852-% or US-
20100317283-% or US-20120213143-
$).did. or (US-9094991-$ or US-8619693-$
or US-8249635-$ or US-9131503-$ or US-
8879461-%).did.

S37 {143 (((wideband | wide-band | (wide band)) {US- ADJ ON 2016/03/03
near device) & ((narrowband | narrow- PGPUB; 16:13
band | (narrow band)) near device)) USPAT;
DERWENT
S38 4108 (((wideband | wide-band | (wide band)) {US- ADJ ON 2016/03/03
near device) same ((narrowband | narrow-{PGPUB; 16:13
band | (narrow band)) near device)) USPAT;
DERWENT
S39 6 S21 & S37 Us- ADJ ON 2016/03/03
PGPUB; 16:13
USPAT,;
DERWENT
$40 y2 S21 & S38 Us- ADJ ON 2016/03/03
PGPUB; 16:14
USPAT,;
DERWENT
S41 6 ("20090180430" | "20100135242" | Us- ADJ ON 2016/11/30
"20110085457").PN. PGPUB; 09:06
USPAT;
DERWENT
A2 i1 "14372363" us- ADJ ON 2017/07/28
PGPUB; 16:29
USPAT;
DERWENT
43 i1 42 & (MIB! | (master information block)) {{US- ADJ ON 2017/07/28
PGPUB; 16:29
USPAT;
DERWENT
44 125 (US-20090180430-$ or US-20100135242-${US- ADJ ON 2017/07/31
or US-20140094183-$ or US- PGPUB; 10:19

20130242821-% or US-20130114555-% or {{USPAT
US-20130088986-% or US-20110274063-%
or US-20100323709-$% or US-
20100220607-% or US-20080232240-% or
US-20120250564-$% or US-20090247171-%
or US-20080130486-% or US-
20070258417-% or US-20120263093-$ or
US-20120155361-$% or US-20120044852-%
or US-20100317283-$% or US-
20120213143-% or US-20080069060-% or
US-20110085457-9) .did. or (US-9094991-
$ or US-8249635-% or US-9131503-% or
US-7499438-$) .did.

$46 {1081 H((LTE! | (long term evolution)) with (MIB! jUS- ADJ ON 2017/07/31
| (master information block))) PGPUB; 10:20
USPAT;
DERWENT
A7 {12 ((LTE! | (long term evolution)) same us ADJ ON 2017/07/31
((MIB!'| (master information block)) with {PGPUB; 10:23
((indicat$4 | assign$4 | allocat$4 | USPAT;
grant$4 | identif$8) near (frequency | DERWENT
band))))
S48 #42 (((MIB! | (master information block)) with {US- ADJ ON 2017/07/31
((indicat$4 | assign$4 | allocat$4 | PGPUB; 10:23
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grant$4 | identif$8) near (frequency | USPAT;
band)))) DERWENT
49 {411 (((MIB! | (master information block)) with {US- ADJ ON 2017/07/31
((indicat$4 | assign$4 | allocat$4 | PGPUB; 10:23
grant$4 | identif$8) with (frequency | USPAT;
band)))) DERWENT
S50 {226  {iS46 & 49 Us- ADJ ON 2017/07/31
PGPUB; 10:24
USPAT,;
DERWENT
S51 {234 (((MIB! | (master information block)) with {US- ADJ ON 2017/07/31
((indicat$4 | assign$4 | allocat$4 | PGPUB; 10:24
grant$4 | identif$8) near8 (frequency | USPAT;
band)))) DERWENT
S52 {120  iiS46 & Sb1 Us- ADJ ON 2017/07/31
PGPUB; 10:24
USPAT,;
DERWENT

7/31/2017 6:50:40 PM
C:\ Users\ jwood2\ Documents\ EAST\ Workspaces\ 14372363.wsp
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* See search history printout included with this form or the SEARCH NOTES box below to determine

the scope of the search.

SEARCH NOTES

Search Notes Date Examiner
Inventor & assignee searches (double patenting) and IDS search 2/23/2016 JBW
HO4W76/02,025,041,045; HO4W72/00,04$,06,12%; (network device with 3/2/2016 JBW
terminals and multiple frequency BWs)
H04W88/00,02,18; (wideband & narrowband, subframe allocation set) 3/3/2016 JBW
Amendment specific search (LTE carrier & MIB transmission for reduced 7/31/2017 JBW
BW devices)
Consulted with PE D.Oveissi 7/31/2017 JBW
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
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Doc code: RCEX PTO/SB/30EFS (07-14)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2016. 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 inforrnation unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | L, .75 363 Filing | b14.07-15 Docket Number | 15 sap205496 At | bats
Number Date (if applicable) Unit

First Named Philip Young Examiner Jonathan Wood

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, to any intemational application that does not comply with the requirements of 35 U.S.C. 371, or to any design application. The
Instruction Sheet for this form is located at WWW.USPTO.GOV.

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

|:| Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previcusly filed on

[ ] Other

[X] Enclosed

[X] Amendment/Reply
|:| Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration(s)

[<X] Other
pne-month extension

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[ ] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No p20493

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

> Patent Practitioner Signature

Applicant Signature
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Doc code: RCEX PTO/SB/30EFS (07-14)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2016. 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 inforrnation unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature | fHarry Vartanian/ Date (YYYY-MM-DD) Em 7-04-03 I
Name Harry Vartanian Registration Number F6787

This collection of information is required by 37 CFR 1.114. 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.8.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.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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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 353 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.5.C. 552) and the Privacy Act (5 U.5.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 records.

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.

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.

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).

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.

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)).

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.S5.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.

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.5.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.

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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Applicant: Intellectual Ventures Holding 81 LL.C
Application No.: 14/372,363

REMARKS/ARGUMENTS

After the foregoing Amendment, claims 40-51 are currently pending in this

application. Claims 40, 43, 46, and 49 are amended. Claims 1-39 are canceled.

Claim Rejections - 35 U.S.C. § 103(a)

Claims 40 and 46 are rejected under 35 U.S.C. § 103(a) as being unpatentable
over U.S. Publication No. 2009/0180430 to Fadell (hereinafter “Fadell”), in view of
U.S. Publication No. 2008/0130486 to Lim et al. (hereinafter “Lim”).

Without conceding the propriety of the rejection and in an effort to advance
prosecution, claim 40 is amended. Fadell in view of Lim, alone or in combination, at
least do not teach or suggest to “...a first signal on a long term evolution (LTE) host
carrier, wherein the first signal includes a master information block (MIB), wherein
the MIB includes bits indicating a second frequency band for use by the second type
of terminal device...the transceiver further configured to, within the second
frequency band, transmit a third signal to the second type of terminal device using
a subordinate carrier with allocated resources that are a subset of the LTE host
carrier radio resource segments in the first time period...in a second time period the
subset of the LTE host carrier radio resource segments is used to communicate with

the first type of terminal device” of amended claim 40.
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Lim is introduced to cure the deficiency of Fadell allocating a narrow
frequency band within a wider allocated frequency band. However, Lim does not
teach or suggest “...a first signal on a long term evolution (LTE) host carrier,
wherein the first signal includes a master information block (MIB), wherein the
MIB includes bits indicating a second frequency band for use by the second type of
terminal device” of amended claim 1.

Amended claim 46, although different, is allowable for at least the same
reasons as amended claim 40. Based on the arguments presented above,
withdrawal of the 35 U.S.C. § 103(a) rejection of amended claims 40 and 46 is
respectfully requested.

Claims 41-44 and 47-50 are rejected under 35 U.S.C. § 103(a) as being
unpatentable over Fadell, in view of Lim, and further in view of U.S. Publication
No. 2012/0263093 to Roessel et al. (hereinafter “Roessel”). The rejection of claims
41-44 and 47-50 is moot in view of the given arguments above for amended claims
40 and 46. Based on the arguments presented above, withdrawal of the 35 U.S.C. §
103(a) rejection of claims 41-44 and 47-50 is respectfully requested.

Claims 45 and 51 are rejected under 35 U.S.C. § 103(a) as being unpatentable
over Fadell, in view of Lim, and further in view of U.S. Publication No.
2008/0069060 to Das et al. (hereinafter “Das”). The rejection of claims 45 and 51 is

moot in view of the given arguments above for amended claims 40 and 46. Based on

-10 -
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the arguments presented above, withdrawal of the 35 U.S.C. § 103(a) rejection of

claims 45 and 51 is respectfully requested.

Conclusion

It should also be noted that although arguments have been presented with
respect to certain claims herein, the recited subject matter as well as various other
subject matter and/or combinations of subject matter may be patentable for other
reasons. Further, the failure to address any statement by the Examiner herein
should not be interpreted as acquiescence or agreement with such statement. The
Applicant expressly reserves the right to set forth additional and/or alternative
reasons for patentability and/or allowance with the present application or in any
other future proceeding, and to rebut any statement presented by the Examiner in
this or other papers during prosecution of the present application.

If the Examiner believes that any additional minor formal matters need to
be addressed in order to place this application in condition for allowance, or that a
telephonic interview will help to materially advance the prosecution of this
application, the Examiner is invited to contact the undersigned by telephone at the

Examiner's convenience.

-11 -
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Applicant: Intellectual Ventures Holding 81 LL.C
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In view of the foregoing, Applicant respectfully submits that the present
application, including claims 40-51, is in condition for allowance and a notice to that
effect is respectfully requested.

Respectfully submitted,
Intellectual Ventures Holding 81 LLC
By:__ /Harry Vartanian/

Harry Vartanian
Registration No. 56,787

Volpe and Koenig, P.C.
United Plaza

30 South 17th Street
Philadelphia, PA 19103-4009
Telephone: (215) 568-6400
Facsimile: (215) 568-6499

HV/JMG/eam

-12 -

IPR2025-00220 Exhibit 2005 Page 127 of 640



Applicant: Intellectual Ventures Holding 81 LL.C
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ABSTRACT

Wirelessly communicating with a first type of terminal device and a second
type of terminal device, where a signal is transmitted on a long term evolution
(LTE) host carrier that includes a master information block (MIB). The MIB may
include bits indicating a second frequency band for use by the second type of
terminal device. A signal is also transmitted to the second type of terminal device
using a subordinate carrier with allocated resources that are a subset of the LTE
host carrier radio resource segments in a first time period. In a second time period
the subset of the LTE host carrier radio resource segments may be used to

communicate with the first type of terminal device.
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Amendments to the Specification:

Please change the title to:

Utilization of a Narrow Band within Another Frequency Band in an Long
Term Evolution (LTE) Network

Please substitute the Abstract with the following new Abstract:
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Applicant: Intellectual Ventures Holding 81 LL.C
Application No.: 14/372,363

Amendments to the Claims:
This listing of the claims will replace all prior versions of the claims in the
application:

1.-39. (Canceled)

40. (Currently Amended) A base station comprising:
a processor configured to wirelessly communicate with a first type of terminal
device and a second type of terminal device;

a transceiver configured to transmit a first signal on a long term evolution

(LTE) host carrier, wherein the first signal includes a master information block

(MIB), wherein the MIB includes bits indicating a second frequency band for use by

the second type of terminal device;

[[a]] the transceiver further configured to transmit a second signal to the first
type of terminal device on [[a]] the LTE host carrier having radio resource segments
allocated in a first time period, wherein each radio resource segment uses radio
resources across a first frequency band;

the transceiver further configured to, within [[a]] the second frequency band,
transmit a third anether signal to the second type of terminal device using a
subordinate carrier with allocated resources that are a subset of the LTE host

carrier radio resource segments in the first time period;
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wherein the second frequency band is narrower than the first frequency band
and contained within the first frequency band; and
wherein in a second time period the subset of the LTE host carrier radio

resource segments is used to communicate with the first type of terminal device.

41. (Previously Presented) The base station of claim 40 further comprising:

the radio resource segments are subframes of radio frames having a plurality
of subframes; and

subframes are allocated to the subordinate carrier using a subordinate
carrier subframe allocation set, wherein the subordinate carrier subframe allocation
set determines which subframes within a repeating group of one or more radio

frames are allocated to the subordinate carrier.

42. (Previously Presented) The base station of claim 41, wherein the
subordinate carrier subframe allocation set is defined by one or more reserved

subframe allocation patterns.

43. (Currently Amended) The base station of claim 42, wherein the one or

more reserved subframe allocation patterns comprise substantially all or a subset of

all reserved subframe allocation patterns of the LTE host carrier.
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44. (Previously Presented) The base station of claim 42 wherein acquisition
information required for the second type of terminal device to receive the
subordinate carrier is allocated to subframes of the subordinate carrier using at
least a portion of the subframes in the one or more reserved subframe allocation

patterns.

45. (Previously Presented) The base station of claim 40, wherein the first
type of terminal device is capable of receiving a full bandwidth of the first frequency
band, wherein the second type of terminal device is incapable of receiving the full
bandwidth of the first frequency band, and wherein the second type of terminal

device is capable of receiving the full bandwidth of the second frequency band.

46. (Currently Amended) A method performed by a base station, the method
comprising:

communicating, wirelessly by a processor of the base station, with a first type
of terminal device and a second type of terminal device;

transmitting, by a transceiver of the base station, a first signal on a long

term evolution (LTE) host carrier, wherein the first signal includes a master

information block (MIB), wherein the MIB includes bits indicating a second

frequency band for use by the second type of terminal device;
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transmitting, by [[a]] the transceiver efthe-base-station, a second signal to
the first type of terminal device on [[a]] the LTE host carrier having radio resource
segments allocated in a first time period, wherein each radio resource segment uses
radio resources across a first frequency band;

transmitting, by the transceiver of the base station within [[a]] the second
frequency band, anether a third signal to the second type of terminal device using a
subordinate carrier with allocated resources that are a subset of the LTE host
carrier radio resource segments in the first time period;

wherein the second frequency band is narrower than the first frequency band
and contained within the first frequency band; and

wherein in a second time period the subset of the LTE host carrier radio

resource segments is used to communicate with the first type of terminal device.

47. (Previously Presented) The method of claim 46 further comprising:

the radio resource segments are subframes of radio frames having a plurality
of subframes; and

subframes are allocated to the subordinate carrier using a subordinate
carrier subframe allocation set, wherein the subordinate carrier subframe allocation
set determines which subframes within a repeating group of one or more radio

frames are allocated to the subordinate carrier.
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48. (Previously Presented) The method of claim 47, wherein the subordinate
carrier subframe allocation set is defined by one or more reserved subframe

allocation patterns.

49. (Currently Amended) The method of claim 48, wherein the one or more
reserved subframe allocation patterns comprise substantially all or a subset of all

reserved subframe allocation patterns of the LTE host carrier.

50. (Previously Presented) The method of claim 48 wherein acquisition
information required for the second type of terminal device to receive the
subordinate carrier is allocated to subframes of the subordinate carrier using at
least a portion of the subframes in the one or more reserved subframe allocation

patterns.

51. (Previously Presented) The method of claim 46, wherein the first type of
terminal device is capable of receiving a full bandwidth of the first frequency band,
wherein the second type of terminal device is incapable of receiving the full
bandwidth of the first frequency band, and wherein the second type of terminal

device is capable of receiving the full bandwidth of the second frequency band.
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Philip Young
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Confirmation No.: 1411

Filed: July 15, 2014

For: WIRELESS
COMMUNICATIONS SYSTEM WITH A
NARROWER SUBORDINATE CARRIER

Group: 2415

Examiner: Jonathan Wood

Our File: IPW2-USAP205496
Date: April 3, 2017

RESPONSE PURSUANT TO 37 C.F.R. § 1.114

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

Alexandria, VA 22313-1450

This Response is being filed in response to the Final Office Action dated
December 16, 2016 and is submitted in conjunction with an appropriate petition for
extension of time. A Request for Continued Examination (RCE) is filed
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Application No. Applicant(s)
14/372,363 YOUNG, PHILIP

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
JONATHAN B. WOOD 2415 ,S\ltgt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

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
)X Responsive to communication(s) filed on 09/12/2016.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)X] This action is FINAL. 2b)[] This action is non-final.

3)[] 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)[] 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, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 40-51 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)Y Claim(s) 40-51 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 07/15/2014 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).

Priority under 35 U.S.C. § 119
12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)DXJ Al b)[] Some** ¢)[] None of the:
1.4 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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.
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1) D Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
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DETAILED ACTION

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Application Status
2. This Office Action is responsive to Amendments and Remarks filed 09/12/2016,
in which claims 40-46 and 50 are amended, no claims are added or canceled, and

claims 40-51 are pending examination.

Claim Rejections - 35 USC § 103
3. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

4. Claims 40 and 46 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Fadell USPG-Pub 2009/0180430-A1 (hereinafter Fadell), in view of

Lim et al. USPG-Pub 2008/0130486-A1 (hereinafter Lim).
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5. Regarding claims 40 and 46, and using claim 40 as the exemplary recitation for
the claim group, Fadell suggests a base station (AP 304) comprising: a processor
(digital processor) configured to wirelessly communicate (wireless network) with a first
type of terminal device (PUs 306) and a second type of terminal device (NPUs 308)
{FIG 3 shows a wireless network 300, including Access Point (AP) 304 wirelessly
communicating with a plurality of Premises Users (PUs) 306 and a plurality of Non-
Premises Users (NPUs) 308. [0066] describes various types of integrated circuits that
can be used to implement the disclosed methods, including a digital processor}; a
fransceiver (transceiver) configured to transmit a signal (wireless communication) to the
first type of terminal device (PUs 306) on a host carrier (802.11 carrier) having radio
resource segments allocated in a time period (time/frequency resources), wherein each
radio resource segment (time/frequency resource) provides radio resources across a
first frequency band (first portion of available BW) {{0066] describes various types of
integrated circuits that can be used to implement the disclosed methods, including a
transceiver. FIG 2 and [0026] describes a method for allocating network bandwidth
(BW) between two or more uses, allocating a first portion of available BW to the first use
and a second portion of available BW to a second use. [0071] describes support for
wireless/cellular communications standards that provide for host carriers divided into
time/frequency resource elements, such as TDMA, CDMA, MWBA, OFDM, PCS/DCS,
etc. [0101] describes the AP 304 providing communication services according to various
802.11 standards which support allocations and use of time/frequency resources within

a defined host carrier frequency range}; the transceiver (transceiver) further configured
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to, within a second frequency band (second portion of available BW), transmit another
signal (wireless communication) to the second type of terminal device (NPUs 308) using
a subordinate carrier (portion of available BW) with allocated resources (time/frequency
resources) that are a subset of the host carrier radio resource segments (portion of
network BW) in the first time period (time/frequency resources) {FIG 2 and [0026]
describes a method for allocating network BW between two or more uses, allocating a
first portion of available BW to the first use and a second portion of available BW to a
second use}; and wherein in a second time period (time/frequency resources) the
subset of the host carrier radio resource segments (time/frequency resource) is used to
communicate (wireless communication) with the first type of terminal device (PUs 306)
{[0063] describes that the AP 304 can be a router, gateway or a WiFi AP that supports
and implements IEEE 802.11. One skilled in the art would understand that support for
the IEEE 802.11 standard requires implementation of Frequency Division Duplex (FDD)
and Time Division Duplex (TDD), which allows for multiple time/frequency resources to
be allocated for each actively communicating PU (or NPU). As such, resources for
multiple time periods and frequency segments can be allocated to, and used by, a
single PU for communicating with the AP}.

Fadell discloses a wireless communication network supporting BW allocations for
multiple uses. However, Fadell fails to specifically disclose allocating a narrow
frequency band within a wider allocated frequency band. Lim discloses a wireless
communication network supporting BW allocations for multiple uses. Further, Lim

suggests wherein the second frequency band is narrower (NB) than the first frequency
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band (WB) and contained within the first frequency band (among the frequency bands
used for WB) {[0010] describes Narrow-Band (NB) wireless communication that uses a
frequency band that is among the frequency bands used for Wide-Band (WB) wireless
communication. Further described in a BS that allocates resources for both NB and WB
communication}. It would have been obvious to one of ordinary skill in the art at the time
the invention was made to modify the allocation methods of Fadell with the allocation
methods of Lim to reduce control information overhead and maintain backward

compatibility with narrow-band wireless communication systems {{0087]}.

6. Specifically for claim 46, Fadell suggests a method performed by a base station
{FIG 2 and [0026] describes a method for allocating network BW between two or more

uses}.

7. Claims 41-44 and 47-50 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Fadell, in view of Lim, and further in view of Roessel et al. USPG-

Pub 2012/0263093-A1 (hereinafter Roessel).

8. Regarding claims 41 and 47, the combination of Fadell and Lim disclose all the
limitations of parent claims 40 and 46 respectively. Using claim 41 as the exemplary
recitation for the claim group, Fadell suggests the radio resource segments

(time/frequency resources) are subframes of radio frames (portions of network BW)
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having a plurality of subframes (multiple BW portions) {FIG 2 and [0026] describes a
method for allocating network BW between two or more uses, allocating a first portion of
available BW to the first use and a second portion of available BW to a second use}.
Fadell and Lim both disclose wireless communication networks supporting BW
allocations for multiple uses. However, the combination of Fadell and Lim fails to
specifically disclose use of subframe allocation sets. Roessel discloses a wireless
communication network supporting BW allocations for multiple uses. Further, Roessel
suggests subframes are allocated (subframe allocation) fo the subordinate carrier (sub-
carrier) using a subordinate carrier subframe allocation set (co-channel allocation sets),
wherein the subordinate carrier subframe allocation set (co-channel allocation sets)
determines which subframes (time domain subframe) within a repeating group
(periodically recurring pattern) of one or more radio frames are allocated to the
subordinate carrier (frequency domain sub-carrier) {{0162] describes channel control
that can define co-channels through the use of frequency sub-carrier and time subframe
allocation sets. [0082] describes use of periodically recurring patterns of
frame/subframe structure}. It would have been obvious to one of ordinary skill in the art
at the time the invention was made to modify the allocation methods of Fadell and Lim
with the allocation methods of Roessel to reduce interference between wide area macro

networks and local area networks {[0133]}.

9. Regarding claims 42 and 48, the combination of Fadell, Lim and Roessel

disclose all the limitations of parent claims 40, 41 and 46, 47 respectively. Claim 42 is
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used as the exemplary recitation for the claim group. Fadell and Lim both disclose
wireless communication networks supporting BW allocations for multiple uses.
However, the combination of Fadell and Lim fails to specifically disclose use of
subframe allocation sets. Roessel discloses a wireless communication network
supporting BW allocations for multiple uses. Further, Roessel suggests the subordinate
carrier subframe allocation set (co-channel allocation sets) is defined by one or more
reserved subframe allocation patterns (pre-defined allocation patterns) {{0162]
describes channel control that can define co-channels through the use of frequency
sub-carrier and time subframe allocation sets. [0191] describes use of pre-defined
allocation patterns that attempt to be mutually disjoint in frequency and time}. It would
have been obvious to one of ordinary skill in the art at the time the invention was made
to modify the allocation methods of Fadell and Lim with the allocation methods of
Roessel to reduce interference between wide area macro networks and local area

networks {[0133]}.

10.  Regarding claims 43 and 49, the combination of Fadell, Lim and Roessel
disclose all the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively.
Claim 43 is used as the exemplary recitation for the claim group. Fadell and Lim both
disclose wireless communication networks supporting BW allocations for multiple uses.
However, the combination of Fadell and Lim fails to specifically disclose use of
subframe allocation sets. Roessel discloses a wireless communication network

supporting BW allocations for multiple uses. Further, Roessel suggests the one or more
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reserved subframe allocation patterns (pre-defined allocation patterns) comprise
substantially all or a subset of all reserved subframe allocation patterns (all mini-CCEs)
of the host carrier (host frequency resources) {{0191] describes pre-defined allocation
patterns are used to form mini-Channel Control Elements (mini-CCEs) or resource
element groups. [0195] describes that the macro cell may allocate all mini-CCEs}. It
would have been obvious to one of ordinary skill in the art at the time the invention was
made to modify the allocation methods of Fadell and Lim with the allocation methods of
Roessel to reduce interference between wide area macro networks and local area

networks {[0133]}.

11.  Regarding claims 44 and 50, the combination of Fadell, Lim and Roessel
disclose all the limitations of parent claims 40, 41, 42 and 46, 47, 48 respectively.
Using claim 44 is used as the exemplary recitation for the claim group, Fadell suggests
acquisition information (receives allocation information) required for the second type of
terminal device (NPUs 308) to receive the subordinate carrier (assigned portion of
available BW) is allocated to subframes of the subordinate carrier (portions of available
BW) using at least a portion of the subframes (multiple BW portions) in the one or more
reserved subframe allocation patterns (BW reservations) {FIG 2 and [0026] describes a
method for allocating network BW between two or more uses, allocating a first portion of
available BW to the first use and a second portion of available BW to a second use.

[0015] describes a communication device receiving BW allocation information, and that
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BW reservations can be provided to communications devices via network policy}.

12.  Claims 45 and 51 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Fadell, in view of Lim, and further in view of Das et al. USPG-Pub

2008/0069060-A1 (hereinafter Das).

13.  Regarding claims 45 and 51, the combination of Fadell and Lim disclose all the
limitations of parent claims 40 and 46 respectively. Claim 45 is used as the exemplary
recitation for the claim group. Fadell and Lim both disclose wireless communication
networks supporting BW allocations for multiple uses. However, the combination of
Fadell and Lim fails to specifically disclose terminals with BW restrictions. Das discloses
a wireless communication network supporting BW allocations for multiple uses. Further,
Das suggests the first type of terminal device (wideband terminal) is capable of
receiving a full bandwidth (can process all subbands) of the first frequency band (full DL
BW), wherein the second type of terminal device (narrowband terminal) is incapable of
receiving (can’t process all subbands) the full bandwidth of the first frequency band (full
DL BD), and wherein the second type of terminal device (narrowband terminal) is
capable of receiving the full bandwidth (can process 1 subband) of the second
frequency band (1 DL subband) {[0009] describes a wideband device (terminal) that can
receive information over a plurality of subbands and a narrowband device (terminal) that
can only receive information over one of the subbands. [0036] describes a wideband

terminal that is capable of receiving all subbands in a downlink (DL) BW, and a
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narrowband terminal that is only capable of receiving only one subband of the set of

subbands comprising the DL BW}. It would have been obvious to one of ordinary skill in
the art at the time the invention was made to modify the device types of Fadell and Lim
with the device types of Das to allow support for various types of terminals and improve

performance for the wideband terminals {{0040]}.

Response to Arguments
14.  Applicant's arguments on pages 11-13 of Remarks filed 09/12/2016 regarding
rejection of claims 40-51 under 35 USC 103 have been fully considered but they are
not persuasive.

On page 12 of Remarks, the applicant argues that Lim does not disclose specific
aspects of the claims as amended. While this may be at least partly correct, the
examiner notes that Lim is not relied upon for the rejection of all of these aspects of the
claims. Lim is cited to specifically address the limitation requiring allocation of a narrow
frequency subband that is located within an allocated wider frequency band. All other
limitations of the independent claims are rejected based on Fadell, as described above.
Paragraph [0063] of Fadell describes that the Access Points (APs) of the disclosure can
be routers, gateways or a WiFi APs that support and implement IEEE 802.11. One
skilled in the art would understand that support for the IEEE 802.11 standard requires
implementation of Frequency Division Duplex (FDD) and Time Division Duplex (TDD),

which allows for multiple time/frequency resources to be allocated for each actively
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communicating Wireless Device (WD). As such, resources for multiple time periods and
frequency segments can be allocated to, and used by, a single WD for communicating
with the AP. Further, multiple WD types can communicate with the AP, each being
allocated a different set of FDD/TDD resources.

Thus, applicant's arguments on page 12 are not persuasive because the
combination of Fadell and Lim suggest all of the limitations of independent claims 40

and 46. Therefore, the rejection claims 40-51 under 35 USC 103 is maintained.

Conclusion
15.  THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.
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16.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JONATHAN B. WOOD whose telephone number is
(571)270-0175. The examiner can normally be reached on MON-FRI, 7:30AM-5:00PM
EST, Alternate Fridays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, JEFFREY RUTKOWSKI can be reached on 571-270-1215. 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.

/J.B. W./
Examiner, Art Unit 2415

/JEFFREY M RUTKOWSKI/
Supervisory Patent Examiner, Art Unit 2415
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3GPP TSG RAN WG1#67 R1-113659

San Francisco, USA, November 14 -18, 2011

Agenda Item: 7.8
Source: Huawei, HiSilicon
Title: Considerations on the bandwidth reduction for low cost MTC UE

Document for: Discussion and Decision

1 Introduction

The Study Item of Provision of low-end MTC UEs based on LTE was approved in RAN#53 [1]. The UE
cost can be affccted by multiple aspects, and many companics consider the bandwidth as a significant
factor. In this document, we will further discuss the necessity of the bandwidth reduction and try to analyse
the impacts of the bandwidth reduction.

2 Necessity of the bandwidth reduction

Because the reception complexity is typically greater than transmission [2], and considering the strong
likelihood of heavier uplink MTC traffic [3], whether the bandwidth for uplink should be reduced is FFS.
Therefore only bandwidth reduction for downlink will be discussed in this document. The effects of the
bandwidth reduction on cost/complexity are listed in Table 1. From Table 1 it can be seen that bandwidth
reduction will affect both RF (including ADC/DAC) and baseband aspects, so two different ways forward
are considered. In this section we show the general trade-off analysis between the performance and the cost
for the two ways forward, and further detailed impacts on specification of each way forward will be
discussed in Section 3.

Table 1. The effects of the bandwidth reduction on cost/complexity

RF/IF filtcrs [4]

Not scnsitive to bandwidth

Low noise amplifier

Not sensitive to bandwidth

Duplexer

Not sensitive to bandwidth

ADC/DAC

Reduce the complexity significantly

FFT size

Reduced significantly

Equalizer dimensioning [5]

Reduced significantly

Amount of subframe buffer [6]

Reduced significantly

Channel estimation

Reduces the complexity significantly

Measurement for CQI report

Reduces the complexity significantly

Channcl dccoding

The bandwidth rcduction will lowcer the maximum data
rate and can reduce the complexity of channel decoding

[51

HARQ soft buffer

Potentially reduced based on the same reason above

PDCCH/PDSCH demodulation

Potentially reduces the complexity
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PSS/SSS synchronization Not sensitive to bandwidth

® Way forward 1: Reduce the bandwidth for both RF (including ADC/DAC) and baseband

The way forward 1 provides all the benefits listed above and the most cost reduction. The receiving
frecquency of the narrowband RF is relatively fixed in this option, so that if the PDSCH occurs on RBs
outside the centre 6 RBs (as might be desired for MTC capacity or frequency selectivity), the RF will need
tuning. Though the reaction time for the RF tuning is typically less than 0.3ms, scheduling PDSCH of
different frequency in the next OFDM symbol is difficult. Therefore, for way forward 1, some solutions to
avoid the RF tuning delay may need to be considered. Further detailed consideration is shown in Section 3.

® Way forward 2: Reduce the bandwidth only for baseband

In way forward 2, if the RF is broadband, the ADC/DAC should still support the high sampling rate.
However, comparing with the way forward 1, in this option the low cost UE can change the receiving
frequency rapidly, and will not be restricted by the RF tuning delay, so that the gain of PDSCH frequency
selectivity can be achieved. However, this way forward has lost part of the benefits of bandwidth reduction
and lead to a higher UE cost than way forward 1.

It should be noted that though the way forward 2 will not reduce the cost of ADC/DAC, the benefits of the
bandwidth reduction for only baseband will still significantly reduce the complexity/cost of the MTC UE.
See Figure 1.

Figure 1: Baseband processing clapsed time for different bandwidth

In Figure 1, we use the elapsed time [7] of simulation system to roughly estimate the impact of the
bandwidth reduction on complexity. The elapsed time i1s baseband processing time for 4T2R downlink
receiving, with the same packet size (1kbits) for each bandwidth.

Therefore, though which option should be considered as the way forward needs further investigation, at
least it can be preliminarily concluded that the bandwidth reduction (for downlink) should be considered as
a key method for low cost MTC UEs in this study item.

Proposal 1: The bandwidth reduction should be considered as a key method for low cost MTC UEs
in this study item.

3 Impacts and solutions

In this section, the impacts of the bandwidth reduction are analysed, and the possible solutions are also
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discusscd. Basc on the two possiblc ways forward, the problcms introduccd by bandwidth reduction can be
briefly summarized in Table 2. And for the same reason of Section 2, only downlink aspects are considered
in this contribution.

Table 2. The briefly summary of the problems that introduced by the bandwidth reduction

How to coexistent with legacy LTE . .
How to receive downlink control channel . .
How to send the paging and SIB to narrowband . .
low cost UE

How to avoid the narrowband RF tuning delay .

All the problems except the RF tuning delay are common issues for both two ways forward shown in
Section 2. Base on these problems, the detailed analysis for the impacts on the specifications is shown in
Section 3.1. Especially for the downlink control channel receiving of low cost UE, further impacts on
RACH and PBCH are also discussed.

3.1 Analysis
e (Coexistence mode

For both of the ways forward discussed in Section 2, the first problem is how to introduce the narrowband
UE in LTE. That is to say, the coexistence mode of narrowband system and broadband system should be
clarified. Two options about coexistence are:

v Allocate a dedicated narrow band for the low cost MTC UEs
v" Share current LTE resource with Non-MTC UEs

As mentioned in [8], because the first option requires operators to relocate the frequency resource, it is very
difficult. Furthermore, it goes against one of the objectives of the study item which is “Ensure good radio
Jrequency coexistence with legacy (Release 8-10) LTE radio interface and networks.” Therefore, the first
option will not be considered in this contribution.

Base on the inappropriateness of the first option, we consider the second option as the guideline for the
bandwidth reduction, which will result in the flexible usage of the current resource and may also increase
the resource utilization rate. Obviously there i1s some specification changes will be introduced and detailed
analysis of that is given in the following.

Proposal 2: It is proposed that the low cost MTC UEs shall share current LTE resource with
Non-MTC UEs.

e Downlink control channel

In the current LTE system, the PDCCH transmission is sprcad over the whole bandwidth, and a narrowband
UE cannot decode it. PHICH and PCFICH will face the same problem. Several potential solutions are
discussed below:

v" Use CA to split the system bandwidth [9]

v"  Send a dedicated DCI for narrowband UE on PDSCH, which is similar to the (E)GPRS [5]
v" Usc ¢cPDCCH

v Introduce the dedicated subframe for low cost UE, e¢.g. use MBSFN subframe

The CA method has little impact on specification, and can well support the narrowband UE. However, it
will affect all the LTE R8/9 UEs and lead to LTE R8/R9 peak data rate reduction because that CA is not
supported by R8/9 UE, which goes against the objectives of the SI. All the other options generally seem

IPR2025-00220 Exhibit 2005 Page 173 of 640




rcasonablc, which usc cithcr PDSCH rcsourccs or dedicated subframce to transmit narrowband PDCCH for
low cost UE. These two kinds of solutions can be considered as the way forward for a narrowband PDCCH
design though further investigation and comparison are still required. The solutions for PHICH and
PCFICH should follow the similar lines of thought.

e RACH

The bandwidth reduction for uplink is not considered in this contribution, but since the RAR (Random
Access Response) may be scheduled by narrowband PDCCH for low cost UE, the ¢eNB should know
whether the preamble is transmitted by a low cost UE and decide which PDCCH should be used. Therefore
some new designs for RACH may be needed to allow the ¢eNB to distinguish the low cost UE. Otherwise
the RAR has to be scheduled via both narrowband PDCCH and normal PDCCH, which is very wasteful.
Two solutions are:

v"  Dedicated preambles for low cost UE
v Dedicated PRACH resource for low cost UE

Allocating dedicated preambles for the low cost UEs will increase the collision probability for both low
cost MTC and non-MTC UEs. Dedicated PRACH resource will lead to more resource consumption on the
uplink. Which way should be selected still needs further investigation.

e PSS/SSS/PBCH reading

The PSS/SSS/PBCH is transmitted in the central 6 PRBs, and the low cost UE with narrowband can receive
the information, so that this topic does not seem to be an issue for bandwidth reduction. However it should
be noted that the narrowband PDCCH for the low cost UE has to be introduced due to the bandwidth
reduction but the low cost UE needs some necessary information to monitor the narrowband PDCCH, ¢.g.
frequency location. This location may be fixed in the specification, but a fixed location it is not very
flcxiblc. Furthcr when considering ICIC, the frequency location of the narrowband PDCCH may bce
probably cell specific.

Therefore, since the PBCH may be the only channel for low cost UEs to obtain the necessary information
of the narrowband PDCCH and PHICH, some extensions may be introduced.

e Paging and SIB

Although the SIB and most of the paging messages are common for all UEs, in order to support low cost
UEs, the eNB has to schedule these messages within narrowband. This scheduling may affect the receiving
performance of the UEs in cell edge. Furthermore, considering the applications of the low cost UEs, some
information in current SIBs may be unnecessary, and further optimizing may be introduced. Therefore, the
paging and SIB for low cost UE should be fully considered, though it may be out of the RAN1 scope. Some
possible solutions listed below may affect RAN1 specifications.

v" Introduce segmentation for current Paging/SIB messages

v"  Introduce dedicated paging/SIB messages for low cost UEs, which are scheduled via narrowband
PDCCH.

v"  Introduce dedicated paging/SIB messages for low cost UEs, which are based on persistent
scheduling, similar to the SIBs in UMTS.

If the low cost UE needs more information from the current SIBs, the first option is preferred, but this
scheme will restrict the configuration of SI-window, and may affect the normal UEs. If the SIBs for low
cost UE are quite different from the current SIBs, then the second and third options are appropriate. In
addition, the third option can minimize the usage of the PDCCH.

e Scheduling

In Section 2, two different ways forward of bandwidth reduction are shown. For the way forward 1,
considering the RF tuning delay, the scheduling scheme needs to be considered. The straightforward way is
to restrict the PDCCH/PHICH/PCFICH and the PDSCH transmission in the same narrowband (maybe
1.4MHz). As a result, the RF does not need to tune the receiving frequency, and the narrowband DCI may
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also bc optimized. Howcver, the bencfits of frecquency sclectivity may be lost.

If the frequency locations of these channels are flexible, one subframe delay could be inserted between the
narrowband PDCCH and the corresponding PDSCH in order to avoid the RF tuning delay. In this case, the
downlink HARQ feedback procedure would need to be modified for low cost UEs, and the scheduling
algorithm will also nced to be updated, which has to support both normal UE and low cost UEs.

3.2 Summary

In this section, we have analysed the problems and the specification impacts of the downlink bandwidth
reduction, potential solutions are also discussed, which are summarised in Table 3:

Table 3. The summary of the specification impacts of the bandwidth reduction and potential solutions

Coexistence mode Share current LTE resource with Non-MTC UEs.

Downlink control channel v" Use CA to split the system bandwidth [9]

v" Send the dedicated DCI for narrowband UE on PDSCH
v" Use ePDCCH
v

Introduce the dedicated subframe for low cost UE, e.g. use
MBSFN subframe

RACH ¥"  Dedicated preambles for low cost UEs
v" Dedicated PRACH resources for low cost UEs
PSS/SSS/PBCH reading The PBCH should be extended to carry the necessary information of

the narrowband PDCCH and PHICH.

Paging and SIB ¥"  Introduce segmentation for paging/SIB messages

v" Introduce dedicated paging/SIB messages for low cost UEs,
which are sent via narrowband PDCCH

v" Introduce dedicated paging/SIB messages for low cost UE,
which are based on the persistent scheduling, similar to the
SIBs in UMTS

Scheduling (For narrowband RF) v"  Restrict the PDCCH/PHICH/PCFICH and the PDSCH
transmission in the same narrowband.

v Insert one subframe delay between the narrowband PDCCH
and the corresponding PDSCH.

Base on the analysis of this section, we propose that:

Proposal 3: If the proposal 1&2 are agreed, it is further proposed to consider the following issues of
the bandwidth reduction for low cost UE.

- How to introduce the narrowband downlink control channel

- How to send the paging and SIB to narrowband low cost UE

4 Conclusion
In this contribution, we further discuss the necessity of the bandwidth reduction and propose that:

Proposal 1: The bandwidth reduction should be considered as a key method for low cost MTC UEs
in this study item.

Proposal 2: It is proposed that the low cost MTC UEs shall share current broadband LTE resources
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with Non-MTC UE.

Proposal 3: If the proposal 1&2 are agreed, it is further proposed to consider the following issues of
the bandwidth reduction for low cost UE.

- How to introduce the narrowband downlink control channel

- How to send the paging and SIB to narrowband low cost UEs
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1. Introduction

At the RAN WGI #66bis meeting, a study on low cost machine type communication (MTC) was initiated
according to the description in [1]. In many contributions [2] — [10], comprehensive and quantitative analyses
regarding cost reduction were provided from the MTC UE perspective. At the same time, there is the following
statement in [1].

As part of the analysis of the different solutions, any impacts on backwards compatibility with existing
LTE network shall be evaluated and justified, as well as impact on the operation of legacy LTE Release
8-10 UEs and Release 8-10 LTE system performance.

In this contribution, we clarify the issues that are considered to have a significant impact on the existing LTE
networks and propose several solutions to address the issues from the viewpoint of the operator.

2. Issues Regarding the Low Cost MTC

Many aspects that will be effective in reducing the product cost of the MTC UE have been identified [2] — [10].
At the same time, reducing the total cost in terms of not only the MTC UE but also the network should be taken
into account. Below, these aspects are enumerated with some notes from the network viewpoint.

B Maximum bandwidth (BW) reduction

» The maximum BW for the downlink and uplink to be supported for the low cost MTC is reduced
compared to that supported in the existing LTE UE and network, i.¢., 20 MHz. The maximum BW
reduction was shown to be the main factor for cost reduction from the MTC UE perspective. However,
when the maximum BW for MTC UEs is reduced, the operators may not be able to introduce easily
low cost MTC UEs if the operators only support the larger legacy LTE BW rather than the maximum
BW of the MTC UEs. This is because the low cost MTC UEs cannot decode the legacy PDCCH, which
is spread over a larger BW than that for the MTC UE. Furthermore, different system control
information must be broadcasted to the legacy UEs and MTC UEs since both UEs support different
BWs. Reducing the maximum BW is considered to have a significant impact on the network, and
hence we will further discuss this issue in Section 3.

B Support for half-duplex mode

»  Support of a half duplex mode is also a candidate solution to reduce the cost of the MTC UEs. We note
that the coexistence of full duplex and half duplex UEs may increase the eNB scheduler complexity.

B Tx power reduction

» Reducing the maximum power is also considered an effective way to cut costs. However, reducing the
maximum Tx power will impair the existing LTE coverage. In this sense, this approach is not
considered appropriate. However, limiting the modulation scheme to non-amplitude modulation such
as QPSK will be worth investigating.

B Support for single Tx/Rx antenna

» The LTE UE is expected to be equipped with multiple Tx/Rx antennas in order to perform spatial
multiplexing and diversity transmission and reception. Reducing the number of Tx/Rx antennas would
also conserve on the radio frequency (RF) chains, resulting in a cost reduction. However, this solution
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may also affect the existing LTE coverage due to the loss of the diversity gain. Therefore, the coverage
should be carefully investigated.

B HARQ process limitation

» By limiting the HARQ process, the buffer size in the MTC UEs can be conserved. This affects the
scheduling; however, this impact is not considered significant.

B Introduction of new UE category

» Asaconsequence of this study, a new UE category is supposed to be defined. In this case, the level of
cost reduction by introducing a new category should be investigated compared to LTE UE category 1.
However, in any case, it is desired to introduce only a single UE category for the network to avoid
supporting multiple UE categories.

Proposal 1: The total cost reduction for the MTC UEs as well as the network should be taken into account.
Proposal 2: The existing LTE coverage should be retained for low cost MTC UEs.
Proposal 3: If needed, only a single UE category should be specified for the low cost MTC UEs.

3. Impact of Maximum BW Reduction

Among the factors described in Section 2, we see that the maximum BW reduction has a significant impact on
the existing LTE network although that may be one of the most effective ways to reduce the MTU UE cost.
Therefore, we further investigate this aspect in this section. As described earlier, if the operators support only
larger BWs than the maximum BW of the low cost MTC UEs, the operators may not able to introduce MTC UEs.
The most beneficial solution to this is not to reduce the maximum BW of the MTC UEs although the cost
reduction cannot be achieved for the MTC UEs. However, we note that there is an advantage in that economy of
scale will be achieved by producing and deploying many MTC UEs irrespective of the BWs that the operators
support.

Proposal 4: It is desirable to not to apply the maximum BW reduction to the low cost MTC UEs from the
viewpoint of economy of scale and that other solutions for cost reduction should be further investigated.

Nevertheless, there are other solutions for the network operator to support low cost MTC UEs in such a scenario.
Below, we further investigate two possible solutions so that the MTC UEs can access the existing BW, which is
larger than the maximum BW of MTC UEs as described in [6] and [7]. One is BW partitioning and the other is
BW sharing.

3.1 BW Partitioning

Figure 1 shows the BW partitioning scenario for the downlink and uplink. In this scenario, the existing LTE BW
is partitioned and a new carrier is created so that one of the divided BWs is equal to or narrower than the
maximum BW of the low cost MTC UEs. We note that the legacy LTE UEs can have access to any carrier. In
this solution, we do not anticipate any impact on the specifications. However, at the expense of the support for
the MTC UEs, the performance and capacity for the legacy LTE UEs are clearly degraded due to the reduced
BW for the legacy LTE UEs. Of course, if there are LTE-Advanced UEs capable of carrier aggregation (CA),
the whole BW can be used by means of CA. We see another disadvantage in that a drastic change in the overall
network structure is required by creating more frequency carriers. For these reasons, if the operators encounter
this situation, introducing MTC UEs becomes quite challenging since there are significant impacts on the
network cost and performance of the legacy LTE UEs. Therefore, BW partitioning seems to be an unattractive
solution from the viewpoint of both the UE and network.
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3.2

PIUSCH PUCCH PDSCH PDCCH

LegacyLTE UEs MTC and LTE UEs LegacyLTEUEs MTCandLTEUEs
LTE-AUE with CA LTE-A UEs with CA
(a) Uplink (b) Downlink

Figure 1 — BW partitioning

BW Sharing

Figure 2 shows the BW sharing scenario for the downlink and uplink. In this scenario, the existing BW is shared
by both the legacy LTE UEs and low cost MTC UEs. We discuss the issues for the downlink and uplink,

separately.
PUCCH PUSCH PDSCH PDCCH E_ppccH
MTC and LTE UEs MTC and LTE UEs
LTE UEs LTE UEs
(a) Uplink (b) Downlink
Figure 2 — BW sharing
3.2.1 Downlink BW sharing

There are several issues regarding downlink BW sharing to be addressed.

B Initial access procedures

>

The LTE initial access procedure would be reused for the low cost MTC UEs. However, the network
does not know which types of UEs, i.e., LTE UEs or MTC UEs, are performing the initial access
procedure since the network is not yet informed of the UE capability. Therefore, the network must send
multiple system control information messages assigned by both the PDCCH for the legacy UE and E-
PDCCH for the MTC UEs. Since the low cost MTC UEs are most likely to occupy the central BW of
the legacy BW in order to reuse the current synchronization channel and physical broadcast channel
(PBCH), the overhead of the central part of the BW is significantly increased.

B PDCCH transmission/reception for low cost MTC UEs

>

3.2.2

The legacy PDCCH regions for the DCI transmission are not simply used for the low cost MTC UEs
since each DCI is mapped over the whole BW in the PDCCH regions. Hence, the PDCCH
transmission/reception for the low cost MTC UEs must be considered. One approach is to use the
enhanced PDCCH (E-PDCCH) for the low cost MTC UEs which is conveyed in a PDSCH region. In
this case, a common search space must also be specified for the E-PDCCH in order to transmit a
common downlink control channel. This should also be kept in mind when designing the E-PDCCH. In
this approach, the legacy PDCCH adds to the overhead for the low cost MTC UEs. Another approach
is to use the E-PDCCH for the legacy LTE UEs when the PDCCH is, in a given subframe, transmitted
using the BW that the low cost MTC UEs support. In this approach, the LTE UEs not supporting the E-
PDCCH cannot be assigned in such a subframe.

Uplink BW sharing

There are several issues regarding uplink BW sharing to be addressed.
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B PUSCH resource fragmentation

» When the UL BW for the low cost MTC UEs exists within a legacy LTE BW, one of the issues is the
PUSCH resource fragmentation for the legacy LTE UEs, which is caused by periodic UL signaling, i.¢.,
PUCCH. For the LTE-Advanced UE, a multi-cluster PUSCH transmission of up to two clusters in a
carrier can be used to avoid such a fragmentation problem. Nevertheless, since frequency-hopping is
applied to the PUCCH, it seems quite difficult even for the LTE-Advanced UEs to utilize the whole
BW. To avoid this problem, the subframe used for the low cost MTC UEs is restricted so that the
legacy LTE UEs can utilize the whole UL BW in the other subframes. In this case, the network can
adjust the PUSCH transmission. For the periodic PUCCH transmission, the PUCCH resource can be
configured into a given subframe by the network. Regarding the HARQ-ACK transmission, the
PUCCH transmission could also be restricted by limiting the DL assignment for the low cost MTC UEs.
Otherwise, the PUCCH transmission itself is not allowed for the low cost MTC UEs, and instead the
PUSCH is triggered. This way, the PUSCH resource fragmentation for the legacy LTE UEs can be
avoided. In this solution, however, a tighter scheduling restriction is necessary for the low cost MTC
UEs.

B PRACH resource assignment

» Each PRACH resource is assigned to the legacy LTE UEs considering cell planning. When the low
cost MTC UEs occupy a part of the existing BW, the cell planning regarding the PRACH resource may
need to be reconsidered.

Proposal 5: When the maximum BW reduction is to be applied to the low cost MTC UEs, the BW sharing
should be further investigated considering the cost reduction from both the UE and NW perspectives.

4. Conclusion

In this contribution, we presented the issues regarding the impacts of cost reduction in the MTC UEs on the
existing LTE networks. According to the discussion, we proposed the following.

Proposal 1: The total cost reduction for the MTC UEs as well as the network should be taken into account.
Proposal 2: The existing LTE coverage should be retained for the low cost MTC UEs.
Proposal 3: If needed, only a single UE category should be specified for the low cost MTC UEs.

Proposal 4: It is desirable to not apply the maximum BW reduction to the low cost MTC UEs from the
viewpoint of economy of scale and that other solutions for cost reduction should be further investigated.

Proposal 5: When the maximum BW reduction is to be applied to the low cost MTC UEs, the BW sharing
should be further investigated considering the cost reduction from both the UE and NW perspectives.
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termining a migration block granularity for reallocating the portion
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the identified spectrum block(s) with a native carrier in a second
frequency band allocated to the second RAT. The method may in-
volve controlling of the aggregated spectrum block(s) via the na-
tive carrier [or the second RAT.
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METHOD AND APPARATUS FOR SOFT MIGRATION OF FREQUENCY
SPECTRUM BLOCKS

Claim of Priority under 35 U.S.C. §119

[0001] The present Application for Patent claims priority to Provisional Application
No. 61/346,348 filed May 19, 2010, entitled “SOFT MIGRATION OF FREQUENCIES
TO LONG TERM EVOLUTION,” which is assigned to the assignee hereof, and is

hereby expressly incorporated in its entirety by reference herein.

BACKGROUND

1. Field
[0002] The present disclosure relates generally to communication systems, and

more specifically to frequency spectrum allocation.

II. Background

[0003] Wireless communication networks are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Acccss (TDMA) nctworks, Frcquency Division Multiple Acccss
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base stations
that can support communication for a number of mobile entities, such as, for example,
user equipments (UEs). A UE may communicate with a base station via the downlink
and uplink. The downlink (or forward link) refers to the communication link from the
base station to the UE, and the uplink (or reverse link) refers to the communication link
from the UE to the base station.

[0005] The 3rd Generation Partnership Project (3GPP) Long Term Evolution (LTE)
represents a major advance in ccllular technology as an cvolution of Global System for
Mobile communications (GSM) and Universal Mobile Telecommunications System

(UMTS). The LTE physical layer (PHY) provides a highly efficient way to convey
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both data and control information between base stations, such as an evolved Node Bs
(eNBs), and mobile entities, such as UEs.

[0006] With the continued advance and adoption of wireless communication
technologies, including but not limited to newer releases of UMTS (e.g., LTE and LTE-
Advanced (LTE-A)), there may be a diversity of radio access technologies (RATS)
implanted in any given wireless communication environment. At the same time, certain
legacy or existing RATs will gradually be phased out over time, and certain new RATs
will be phased in. In this context, there is a need for enabling network entities to
cfficiently rcallocatc frequency spectrum blocks allocated for an cxisting RAT to a new
RAT, and thereby achieve soft migration from the existing RAT to the new RAT such
that an increasing amount of the frequency spectrum can be re-used by the new RAT

over time.

SUMMARY

[0007] The following prescents a simplificd summary of onc or morc cmbodiments
in order to provide a basic understanding of such embodiments. This summary is not an
extensive overview of all contemplated embodiments, and is intended to neither identify
key or critical elements of all embodiments nor delineate the scope of any or all
embodiments. Its sole purpose is to present some concepts of one or more embodiments
in a simplified form as a prelude to the more detailed description that is presented later.

[0008] In accordance with one or more embodiments and corresponding disclosure
thereof, various aspects are described in connection with methods for efficient
reallocation of a portion of a first frequency band allocated to a first radio access
tcchnology (RAT) to a sccond RAT (i.c., soft migration from thc first RAT to the
second RAT). For example, the method may involve determining a migration block
granularity for reallocating the portion of the first frequency band to the second RAT.
The method may involve identifying at least one non-contiguous spectrum block of the
determined granularity in the first frequency band. The method may involve
aggregating the identified at least one non-contiguous spectrum block with a native
carrier in a second frequency band allocated to the second RAT. The method may
involve controlling the aggregated at least one spectrum block via the native carrier for
the second RAT. In related aspects, controlling may involve providing grant/control
information to a user equipment (UE) for obtaining UE data, wherein the control

information comprises at least one scheduling grant or the like. In further related
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aspects, one or more clectronic devices (e.g., at least one network entity or at least one
component thereof) may be configured to execute the above described methodology.
[0009] In accordance with one or more embodiments and corresponding disclosure
thereof, various aspects are described in connection with a general method for soft
migration of RATs. The method may involve deciding to migrate from a first RAT to a
second RAT. The method may involve controlling non-contiguous spectrum blocks that
have a granularity, wherein the first RAT comprises the non-contiguous spectrum
blocks. The method may involve migrating or facilitating migration to the second RAT.
In rclated aspects, onc or morc clcctronic devices (c.g., at Icast onc nctwork cntity or at
least one component thercof) may be configured to execute the above described
methodology.

[0010] To the accomplishment of the foregoing and related ends, the one or more
embodiments include the features hereinafter fully described and particularly pointed
out in the claims. The following description and the annexed drawings set forth in
detail certain illustrative aspects of the one or more embodiments. These aspects are
indicative, however, of but a few of the various ways in which the principles of various
embodiments may be employed and the described embodiments are intended to include

all such aspccts and their cquivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A shows a wireless communication network.

[0012] FIG. 1B illustrates a planned or semi-planned wireless communication
environment.

[0013] FIG. 2 illustratcs an cmbodiment of a system for providing cfficient usc of

frequency bands.

[0014] FIG. 3A-B provides a schematic representation of non-contiguous channel
aggregation.

[0015] FIG. 3C provides a schematic representation of contiguous channel
aggregation.

[0016] FIG. 4 shows GSM channels in a three-sector site with frequency reuse.
[0017] FIG. 5 illustrates an example methodology for providing efficient use of
frequency bands.

[0018] FIG. 6 illustrates a system that facilitates soft migration of technologies, in

accordance with one or more aspects presented herein.
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[0019] FIG. 7 is an illustration of a system that facilitates soft migration of
technologies to provide for more efficient use of frequency bands, in accordance with
one or more aspects presented herein.
[0020] FIG. 8 illustrates an example system that controls the use of frequency
bands, according to an aspect of this disclosure.
[0021] FIG. 9 illustrates an example soft RAT migration methodology executable
by at least one network entity.
[0022] FIG. 10 illustrates further aspects of the methodology of FIG. 9.
[0023] FIG. 11 shows an cxamplc apparatus for soft RAT migration, in accordancc
with the methodology of FIGS. 9-10.
[0024] FIG. 12A illustrates an example of continuous carrier aggregation.

[0025] FIG. 12B illustrates an example of non-continuous carrier aggregation.

DETAILED DESCRIPTION

[0026] Tcchniques for detachment from a wircless network arc described herein.
The techniques may be used for various wireless communication networks such as
wireless wide area networks (WWANS) and wireless local area networks (WLANS).
The terms “network™ and “system” are often used interchangeably. The WWANs may
be CDMA, TDMA, FDMA, OFDMA, SC-FDMA and/or other networks. A CDMA
network may implement a radio technology such as Universal Terrestrial Radio Access
(UTRA), c¢cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and other
variants of CDMA. cdma2000 covers IS-2000, IS-95 and IS-856 standards. A TDMA
network may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA nctwork may implecment a radio tcchnology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.16
(WiIMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA are part of
Universal Mobile Telecommunication System (UMTS). 3GPP Long Term Evolution
(LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-UTRA,
which employs OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-
UTRA, UMTS, LTE, LTE-A and GSM are described in documents from an
organization named “3rd Generation Partnership Project” (3GPP). ¢dma2000 and UMB
are described in documents from an organization named “3rd Generation Partnership
Project 2”7 (3GPP2). A WLAN may implement a radio technology such as IEEE 802.11
(Wi-Fi), Hiperlan, etc.
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[0027] The techniques described herein may be used for the wireless networks and
radio technologies mentioned above as well as other wireless networks and radio
technologies. For clarity, certain aspects of the techniques are explained in the
exemplary context of 3GPP networks, and more particularly in the context of the
reallocation of frequency spectrum blocks from an existing RAT (e.g., GSM) to a newer
RAT (e.g., LTE). The word “exemplary” is used herein to mean ‘“serving as an
example, instance, or illustration.” Any embodiment described herein as “exemplary” is
not necessarily to be construed as preferred or advantageous over other embodiments.
[0028] FIG. 1A shows a wirclcss communication nctwork 10, which may bc an LTE
network or some other wireless network. Wireless network 10 may include a number of
evolved Node Bs (¢eNBs) 30 and other network entities. An eNB may be an entity that
communicates with mobile entities (e.g., user equipment (UE)) and may also be referred
to as a base station, a Node B, an access point, etc. Although the eNB typically has
more functionalitics than a base station, the terms “cNB” and “base station” are used
interchangeably herein. Each eNB 30 may provide communication coverage for a
particular geographic area and may support communication for mobile entities (e.g.,
UESs) located within the coverage areca. To improve network capacity, the overall
coverage arca of an ¢cNB may bc partitioncd into multiple (c.g., threc) smaller arcas.
Each smaller arca may be served by a respective eNB subsystem. In 3GPP, the term
“cell” can refer to the smallest coverage areca of an eNB and/or an eNB subsystem
serving this coverage area, depending on the context in which the term is used.
[0029] An eNB may provide communication coverage for a macro cell, a pico cell,
a femto cell, and/or other types of cell. A macro cell may cover a relatively large
geographic area (e.g., several kilometers in radius) and may allow unrestricted access by
UESs with service subscription. A pico cell may cover a relatively small geographic area
and may allow unrestricted access by UEs with service subscription. A femto cell may
cover a relatively small geographic area (e.g., a home) and may allow restricted access
by UEs having association with the femto cell (¢.g., UEs in a Closed Subscriber Group
(CSG)). In the example shown in FIG. 1, eNBs 30a, 30b, and 30c may be macro eNBs
for macro cell groups 20a, 20b, and 20c, respectively. Each of the cell groups 20a, 20b,
and 20c may include a plurality (e.g., three) of cells or sectors. An eNB 30d may be a
pico eNB for a pico cell 20d. An eNB 30¢ may be a femto eNB or femto access point
(FAP) for a femto cell 20e¢.
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[0030] Wireless network 10 may also include relays (not shown in FIG. 1). A relay
may be an entity that can receive a transmission of data from an upstream station (e.g.,
an eNB or a UE) and send a transmission of the data to a downstream station (e.g., a UE
or an eNB). A relay may also be a UE that can relay transmissions for other UEs.
[0031] A network controller 50 may couple to a set of eNBs and may provide
coordination and control for these eNBs. Network controller 50 may include a single
network entity or a collection of network entities. Network controller 50 may
communicate with the eNBs via a backhaul. The eNBs may also communicate with one
anothcr, c.g., dircctly or indircctly via a wircless or wircline backhaul.
[0032] UEs 40 may be dispersed throughout wircless network 10, and cach UE may
be stationary or mobile. A UE may also be referred to as a mobile station, a terminal,
an access terminal, a subscriber unit, a station, etc. A UE may be a cellular phone, a
personal digital assistant (PDA), a wireless modem, a wireless communication device, a
handheld device, a laptop computer, a cordless phone, a wireless local loop (WLL)
station, a smart phone, a netbook, a smartbook, etc. A UE may be able to communicate
with eNBs, relays, etc. A UE may also be able to communicate peer-to-peer (P2P) with
other UEs.
[0033] Wircless network 10 may support opcration on a single carricr or multiple
carriers for cach of the downlink and uplink. A carrier may refer to a range of
frequencies used for communication and may be associated with certain characteristics.
Operation on multiple carriers may also be referred to as multi-carrier operation or
carrier aggregation. A UE may operate on one or more carriers for the downlink (or
downlink carriers) and one or more carriers for the uplink (or uplink carriers) for
communication with an eNB. The eNB may send data and control information on one
or more downlink carriers to the UE. The UE may send data and control information on
one or more uplink carriers to the eNB. In one design, the downlink carriers may be
paired with the uplink carriers. In this design, control information to support data
transmission on a given downlink carrier may be sent on that downlink carrier and an
associated uplink carrier. Similarly, control information to support data transmission on
a given uplink carrier may be sent on that uplink carrier and an associated downlink
carrier. In another design, cross-carrier control may be supported. In this design,
control information to support data transmission on a given downlink carrier may be
sent on another downlink carrier (e.g., a base carrier) instead of the given downlink

carrier.
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[0034] Wireless network 10 may support carrier extension for a given carrier. For
carrier extension, different system bandwidths may be supported for different UEs on a
carrier. For example, the wireless network may support (i) a first system bandwidth on
a downlink carrier for first UEs (e.g., UEs supporting LTE Release 8 or 9 or some other
release) and (ii) a second system bandwidth on the downlink carrier for second UEs
(c.g., UEs supporting a later LTE release). The second system bandwidth may
completely or partially overlap the first system bandwidth. For example, the second
system bandwidth may include the first system bandwidth and additional bandwidth at
onc or both cnds of the first system bandwidth. The additional systcm bandwidth may
be used to send data and possibly control information to the second UEs.
[0035] Wireless network 10 may support data transmission via single-input single-
output (SISO), single-input multiple-output (SIMO), multiple-input single-output
(MISO), and/or multiple-input multiple-output (MIMO). For MIMO, a transmitter (e.g.,
an eNB) may transmit data from multiple transmit antennas to multiple receive antennas
at a receiver (e.g., a UE). MIMO may be used to improve reliability (e.g., by
transmitting the same data from different antennas) and/or to improve throughput (e.g.,
by transmitting different data from different antennas).
[0036] Wircless network 10 may support singlc-uscr (SU) MIMO, multi-uscr (MU)
MIMO, Coordinated Multi-Point (CoMP), etc. For SU-MIMO, a cell may transmit
multiple data streams to a single UE on a given time-frequency resource with or without
precoding. For MU-MIMO, a cell may transmit multiple data streams to multiple UEs
(e.g., one data stream to each UE) on the same time-frequency resource with or without
precoding. CoMP may include cooperative transmission and/or joint processing. For
cooperative transmission, multiple cells may transmit one or more data streams to a
single UE on a given time-frequency resource such that the data transmission is steered
toward the intended UE and/or away from one or more interfered UEs. For joint
processing, multiple cells may transmit multiple data streams to multiple UEs (e.g., one
data strecam to cach UE) on the same time-frequency resource with or without
precoding.
[0037] Wireless network 10 may support hybrid automatic retransmission (HARQ)
in order to improve reliability of data transmission. For HARQ, a transmitter (e.g., an
eNB) may send a transmission of a data packet (or transport block) and may send one or
more additional transmissions, if needed, until the packet is decoded correctly by a

receiver (e.g., a UE), or the maximum number of transmissions has been sent, or some
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other termination condition is encountered. The transmitter may thus send a variable
number of transmissions of the packet.
[0038] Wireless network 10 may support synchronous or asynchronous operation.
For synchronous operation, the eNBs may have similar frame timing, and transmissions
from different eNBs may be approximately aligned in time. For asynchronous
operation, the eNBs may have different frame timing, and transmissions from different
eNBs may not be aligned in time.
[0039] Wireless network 10 may utilize frequency division duplex (FDD) or time
division duplex (TDD). For FDD, thc downlink and uplink may bc allocatcd scparatc
frequency channels, and downlink transmissions and uplink transmissions may be sent
concurrently on the two frequency channels. For TDD, the downlink and uplink may
share the same frequency channel, and downlink and uplink transmissions may be sent
on the same frequency channel in different time periods.
[0040] FIG. 1B is an illustration of a planned or semi-planned wireless
communication environment 100, in accordance with various aspects. Communication
environment 100 includes multiple access point base stations, including Home Node Bs
(HNBs) 110, each of which are installed in corresponding small scale network
cnvironments.  Examples of small scalc nctwork cnvironments can include uscr
residences, places of business, indoor/outdoor facilities 130, and so forth. The HNBs
110 can be configured to serve associated UEs 120 (e.g., included in a CSG associated
with HNBs 110), or optionally alien or visitor UEs 120 (e.g., UEs that are not
configured for the CSG of the HNB 110). Each HNB 110 is further coupled to the
Internet 140 and a mobile operator core network 150 via a DSL router, a cable modem,
a broadband over power line connection, a satellite Internet connection, or the like.
[0041] To implement wireless services via HNBs 110, an owner of the HNBs 110
subscribes to mobile service offered through the mobile operator core network 150.
Also, the UE 120 can be capable to operate in a macro cellular environment and/or in a
residential small scale network environment, utilizing various techniques described
herein. Thus, at least in some disclosed aspects, HNB 110 can be backward compatible
with any suitable existing UE 120. Furthermore, in addition to the macro cell mobile
network 155, UE 120 is served by a predetermined number of HNBs 110, specifically
HNBs 110 that reside within a corresponding user residence(s), place(s) of business, or
indoor/outdoor facilities 130, and cannot be in a soft handover state with the macro cell

mobile network 155 of the mobile operator core network 150. It should be appreciated
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that although aspects described herein employ 3GPP terminology, it is to be understood
that the aspects can also be applied to various technologies, including 3GPP technology
(Release 99 [Rel99], Rel5, Rel6, Rel7), 3GPP2 technology (1xRTT, 1xEV-DO Rel0,
RevA, RevB), and other known and related technologies.
[0042] With reference to FIG. 2, illustrated is a system 200 that can provide more
efficient use of frequency bands, according to an aspect of this disclosure. System 200
can be implemented in various communications technologies and can include a plurality
of nodes or communications apparatuses, wherein a single communication apparatus
202 is illustrated in FIG. 2 for purposcs of simplicity. For cxamplc, systcm 200 may be
implemented by network (e.g., 3GPP) operators deploying a new RAT (e.g., LTE or the
like) to coexist with previously deployed RATSs (e.g., GSM or the like), resulting in
multiple deployed RATSs, such as GSM, WCDMA, LTE, etc. Supporting multiple
RATSs can be expensive and can have other undesired consequences. Moreover, with
the improved features and data transfer speed typically associated with newer RATSs
over older RATSs, more consumers will replace UEs that are limited to older RATs with
UESs that are compatible with the newer RATs. As more users move away from the use
of UEs that rely on a first (older, existing) RAT, the numbers of users of the
blocks/chunks of thc frcquency spectrum allocated to the first RAT will decline.  As
such, less spectrum will needed to support the first RAT users, and it will be greatly
beneficial to reclaim, refarm, or reallocate chunks of the frequency spectrum originally
allocated for the first RAT to a second (newer, more recently deployed) RAT.
[0043] In related aspects, the apparatus 202 may include at least one base station, E-
UTRA network element, at least one Evolved Packet Core (EPC) network element, or
the like, or combinations thereof. In related aspects, the at least one E-UTRA network
element may include an eNB or component(s) thereof. In further related aspects, the
EPC network element may include a mobility management entity (MME), a home
subscriber server (HSS), a policy charging and rules function (PCRF) server, a serving
gateway (SGW), and/or a packet data network (PDN) gateway (PGW), or component(s)
thereof.
[0044] In further related aspects, GSM is an example a legacy or existing RAT.
Currently, reasonable options for operators to reallocate portion(s) of the frequency
spectrum allocated to GSM include moving the 5 MHz spectrum as chunks of spectrum,
wherein different chunks are moved at any time. For High-Speed Packet Access

(HSPA), moving chunks of 5 MHz spectrum may be the only option. For LTE, a 1.4
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MHz operation can be considered; however, this can be inefficient due to the higher
control channel overhead.
[0045] A granularity of 5 MHz makes the process of moving from GSM to LTE
cumbersome and slow. For example, GSM spectrum allocation can be fragmented and
might not be easy to fit into 5 MHz channels. Further, operators might need to wait
until GSM-only devices currently in operation has reduced in number (e.g., as more
devices are transitioned away from GSM as the devices are replaced). In related
aspects, a fraction of the GSM spectrum may become available because the operator(s)
migratc voicc uscrs from a first, older RAT (c.g., GSM) to its 3G (circuit-switchcd
voice) and/or LTE (voice over LTE) networks, wherein the operator may have 3G
and/or LTE networks with similar footprints to its GSM network.
[0046] For example, there are about two and a half billion GSM-only mobile phones
in the world. This number might need to be lower before twenty-five GSM channels
(e.g., one channel is about 200 KHz and therefore twenty-five channels are about 5
MHz) are made available (e.g., 200 simultaneous voice calls in a given area). When an
operator has remaining only 5 MHz of GSM section, the problem can increase, since the
operator should wait until there are very few legacy GSM-only devices before the
opcrator can climinatc thc GSM scrvice. Thus, whilc waiting for the twenty-five GSM
channels to be cleared, the spectrum will be underutilized. Reducing the granularity
(i.e., reducing the size) of the blocks/chunks of spectrum that are cleared for
reallocation/refarming can increase the rate and efficiency with which a portion of the
frequency spectrum allocated for a first, older RAT gets reallocated for a second, newer
RAT. By reducing the size of the blocks to be reallocated away from the first RAT and
to second RAT, it will not be necessary to wait to move a large block; rather, smaller
blocks may be reallocated sooner. In other words, reduced granularity of the blocks to
be reallocated results in a technique that involves reallocating smaller chunks of the
spectrum sooner (i.c., little by little), rather than waiting to reallocate portions of the
frequency spectrum large block by large block. The one or more disclosed aspects can
be utilized to allow migration away from the GSM spectrum, for example, with a
granularity of less than 5 MHz. In accordance with some aspects, the migration away
from the GSM spectrum can occur with a granularity around 200 KHz (e.g., one GSM
channel).
[0047] For example, FIG. 3A illustrates a schematic representation of different

frequency bands and non-contiguous channel aggregation. Illustrated are a first
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frequency band 300 and a second frequency band 302. First frequency band 300 and
second frequency band 302 are different bands. GSM (represented by the dotted
blocks) is deployed in first frequency band 300 and LTE (represented by un-shaded
blocks) is deployed in second frequency band 302. As illustrated by first frequency
band 300, GSM can be fragmented or non-contiguous within the first frequency band
300. It should be noted that the fragmentation of GSM within first frequency band 300
is for example purposes only and different allocations of GSM within first frequency
band 300 are possible and all such allocations can be utilized with the disclosed aspects.
For cxamplc, the non-contiguous blocks of GSM can bec 200 KHz blocks or other size
blocks (e.g., 400 KHz blocks, 800 KHz blocks, and so forth). In related aspects, FIG.
3B provides a schematic representation of another embodiment of non-contiguous
channel aggregation, showing a first frequency band 310 for a first RAT (e.g., GSM)
and a second frequency band 312 for a second RAT (e.g., LTE).
[0048] With reference once again to FIG. 2, the communications apparatus 202 can
include a control component 204 that is configured to create a mode, referred to as
Carrier Aggregation (CA) mode 206 in LTE. CA mode 206 can provide or allow
control of non-contiguous 200 KHz chunks of GSM in a first band 300 (shown in FIG.
3A) from a scparatc native LTE carricr in sccond band 302 (shown in FIG. 3A). It is
noted that the resulting LTE CA mode allows for the aggregation of multiple carriers
(e.g., 200 KHz carriers) with a native L'TE carrier. It is further noted that little, if any,
control overhead is needed, which can provide more efficient movement from the first
RAT (e.g., GSM) to the second RAT (e.g., LTE).
[0049] With respect to carrier aggregation, LTE-A UEs may use spectrum in 20
Mhz bandwidths allocated in a carrier aggregation of up to a total of 100 Mhz (five
component carriers) used for transmission in each direction. Generally, less traffic is
transmitted on the uplink than the downlink, so the uplink spectrum allocation may be
smaller than the downlink allocation. For example, if 20 Mhz is assigned to the uplink,
the downlink may be assigned 100 Mhz. These asymmetric FDD assignments will
conserve spectrum and are a good fit for the typically asymmetric bandwidth utilization
by broadband subscribers.
[0050] For the LTE-A mobile systems, two types of carrier aggregation (CA)
methods have been proposed, continuous CA and non-continuous CA. They are
illustrated in FIGS. 12A and 12B. Non-continuous CA occurs when multiple available

component carriers are separated along the frequency band (FIG. 12B). On the other
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hand, continuous CA occurs when multiple available component carriers are adjacent to
cach other (FIG. 12A). Both non-continuous and continuous CA aggregate multiple
LTE/component carriers to serve a single unit of LTE Advanced UE.
[0051] Multiple RF receiving units and multiple FFTs may be deployed with non-
continuous CA in LTE-A UE since the carriers are separated along the frequency band.
Because non-continuous CA supports data transmissions over multiple separated
carriers across a large frequency range, propagation path loss, Doppler shift and other
radio channel characteristics may vary a lot at different frequency bands.
[0052] Thus, to support broadband data transmission undcr thc non-continuous CA
approach, techniques may be used to adaptively adjust coding, modulation and
transmission power for different component carriers. For example, in an LTE-A system
where the eNB has fixed transmitting power on each component carrier, the effective
coverage or supportable modulation and coding of each component carrier may be
different.
[0053] According to an aspect of this disclosure, the control component 204 (and/or
at least one processor 212 that acts in response to instructions related to controlling
stored in a memory 210 as described below) may be configured to control non-
contiguous and/or contiguous spcctrum blocks with a sclected granularity (c.g., Icss than
5 MHz). In related aspects, the instructions related to controlling may include
instructions related to controlling non-contiguous 200 KHz spectrum blocks. In one
example, the first RAT is GSM and the second RAT is LTE, wherein the first RAT is in
a first frequency band and the second RAT is in a second frequency band, and wherein
the controlling is performed by a separate native LTE carrier in the second frequency
band.
[0054] It is noted that control of the spectrum blocks may involve sending
grant/control information to the UE, so that the UE knows where to obtain UE data.
The grant/control information may include, for example, scheduling grant(s). In LTE,
the first three symbols may be reserved for control, such that the UE may determine if it
is scheduled to receive data by looking at the first symbols. In GSM, carriers do not
typically carry such grant/control information; rather, scheduling grant(s) or the like are
sent another way. In GSM, control channels may be divided into three categories:
Broadcast Control Channel (BCCH), Common Control Channel (CCCH), and
Dedicated Control Channels (DCCH). The DCCH is a single timeslot on an RF carrier
that is used to convey eight Stand-alone Dedicated Control Channels (SDCCHs). As
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such, in GSM, UEs do not monitor GSM carriers to obtain control information. Thus,
when a portion/block of the GSM frequency band/spectrum gets reallocated to LTE, the
UE may monitor the native LTE carrier to obtain the control information if the UE has
been scheduled to receive UE data in the reallocated spectrum block. Stated another
way, in a multi-access system such as LTE, the UE may be configured to monitor the
native carrier in order to receive the grant/control information if the UE is scheduled to
receive data in the reallocated spectrum block.
[0055] In related aspects, with reference to FIG. 3C, there is provided a schematic
representation of contiguous channcl aggregation. Illustrated arc a first frequency band
320 for a first RAT (e.g., an older RAT such as GSM or the like) and a second
frequency band 322 for a second RAT (e.g., a new RAT such as LTE or the like). In
contrast to non-contiguous channel aggregation shown in FIG. 3A, the contiguous
channel aggregation shown in FIG. 3C results in single, larger frequency block allocated
for the second RAT. In related aspects, the spectrum block (initially allocated to the
first RAT) reallocated to the second RAT may be a contiguous chunk that may be
combined with another spectrum block to make-up the required minimum spectrum
block (e.g., 20 MHz) for carrier aggregation. For example, a IMHz contiguous chunk
from thc GSM frcquency band may be combined with a 19MHz non-contiguous GSM
chunk to make-up 20MHz for carrier aggregation.
[0056] Also included in communications apparatus 202 is a frequency reuse
component 208 that is configured to utilize a re-use of one with spectrum moved to
LTE, which can provide a gain in spectral efficiency for the moved spectrum.
Frequency reuse refers to the ability to re-use frequencies (and channels) to increase
both coverage and capacity (or spectral efficiency) of a communication network.
Adjacent cells in the communication network (wherein the communication network
includes a plurality of cells), utilize different frequencies. Cells that are far enough
apart can reuse the same frequency.
[0057] FIG. 4 illustrates GSM channels in a three-sector site with a frequency recuse
of three. Typical reuse factors vary between three and nine, as shown at 402. Spectrum
transitions to LTE can be utilized with a frequency reuse of one, as shown at 404. Thus,
there can be a gain in spectral efficiency realized for the transitioned spectrum. A
frequency reuse of one allows adjacent cells to use the same frequencies, wherein a
different criteria, other than frequency, is used (such as codes). For example, in GSM,

with a frequency reuse of one, the adjacent cells would use a different Timing Sequence
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Code (TSC) to allow the receiver to cancel out noise from the other cells using the same
frequency.
[0058] In accordance with some aspects, there can be an impact on frequency
hopping, when applicable, with the one or more disclosed aspects. In related aspects,
the more channels that are moved in a sector, the less frequencies there might be
available to hop. For example, GSM may use frequency hopping to improve signal
quality by allowing frequency diversity. Here, the aim may be to use GSM frequencies
that are not too close to each other to get maximum benefit from frequency diversity
(but still within thc samc GSM band). Accordingly, when reallocating some frequency
blocks from the GSM spectrum for use by LTE, it is important to ensure the maximum
possible gap between frequencies left for GSM.
[0059] According to some aspects, non-contiguous channel aggregation can incur
additional overhead (due to Channel Quality Indicator (CQI) feedback). However, non-
contiguous channel aggregation can allow more freedom in the removal of frequencies
from various deployments. Non-contiguous channel aggregation can also provide smart
removal of frequencies to mitigate the impact on frequency hopping performance.
[0060] With reference once again to FIG. 2, the system 200 can include a memory
210 opcrativcly coupled to communication apparatus 202. The memory 210 can be
external to communication apparatus 202 or can reside within communication apparatus
202. The memory 210 can store information related to deciding to migrate from a first
radio access technology (RAT) to a second RAT, and controlling non-contiguous
spectrum blocks that have a granularity of less than 5 MHz. The first RAT can include
the non-contiguous spectrum blocks. The memory 210 can also retain instructions
related to migrating to the second RAT. In accordance with some aspects, the memory
210 retains further instructions related to utilizing a frequency reuse of one.
[0061] The memory 210 can store protocols associated with efficient use of
frequency bands, taking action to control communication between communication
apparatus 202 other devices or nodes, such that system 200 can employ stored protocols
and/or algorithms to achieve improved communications in a wireless network as
described herein. It should be appreciated that the memory or data store components
described herein can be either volatile memory or nonvolatile memory, or can include
both volatile and/or nonvolatile memory.
[0062] At least one processor 212 can be operatively connected to communication

apparatus 202 (and/or memory 210) to facilitate analysis of information related to more
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efficient use of frequency bands in a communication network. The at least one
processor 212 can be a processor dedicated to analyzing and/or generating information
received by communication apparatus 202, a processor that controls one or more
components of system 200, and/or a processor that both analyzes and genecrates
information received by communication apparatus 202 and controls one or more
components of system 200.

[0063] In accordance with some aspects, the at least one processor 212 may be
configured to enable soft migration of technologies (i.c., reallocation of a portion of a
first frcquency band allocated to a first RAT to a sccond RAT). The at lcast onc
processor 212 can include a first module that decides to migrate from a first RAT to a
second RAT. The at least one processor 212 can also include a second module that
controls non-contiguous spectrum blocks that have a granularity of less than 5 MHz,
wherein the first RAT includes the non-contiguous spectrum blocks. Further, the at
least one processor 212 can include a third module for migrating to the second RAT. In
accordance with some aspects, the second module may control non-contiguous
spectrum blocks with a granularity of less than 5 MHz. According to some aspects, the
second module may control non-contiguous 200 KHz spectrum blocks.

[0064] In vicw of cxcmplary systecms shown and dcscribed hercin, mcthodologics
that may be implemented in accordance with the disclosed subject matter, will be better
appreciated with reference to various flow charts. While, for purposes of simplicity of
explanation, methodologies are shown and described as a series of acts/blocks, it is to be
understood and appreciated that the claimed subject matter is not limited by the number
or order of blocks, as some blocks may occur in different orders and/or at substantially
the same time with other blocks from what is depicted and described herein. Moreover,
not all illustrated blocks may be required to implement methodologies described herein.
It is to be appreciated that functionality associated with blocks may be implemented by
software, hardware, a combination thercof or any other suitable means (e.g., device,
system, process, or component). Additionally, it should be further appreciated that
methodologies disclosed throughout this specification are capable of being stored on an
article of manufacture to facilitate transporting and transferring such methodologies to
various devices. Those skilled in the art will understand and appreciate that a
methodology could alternatively be represented as a series of interrelated states or

events, such as in a state diagram.
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[0065] FIG. 5 illustrates a method that provides efficient use of frequency bands,
according to an aspect of this disclosure. Method 500 starts, at 502, when it is decided
to reduce the number of deployed technologies. To reduce the number, it may be
decided to migrate from a first RAT to a second RAT. In accordance with some
aspects, the first RAT is global system for mobiles and the second RAT is LTE.
[0066] At 504, non-contiguous spectrum blocks that have a granularity of less than
5 MHz are controlled. The non-contiguous spectrum blocks are included in the first
RAT. Controlling may involve controlling non-contiguous spectrum blocks with a
granularity of lcss than 5 MHz. In accordancc with somc aspccts, controlling may
involve controlling non-contiguous 200 KHz spectrum blocks.
[0067] Migration to the second RAT occurs, at 506. In accordance with some
aspects, method 500 also includes, at 508, utilizing a frequency reuse of one. According
to some aspects, the first RAT is in a first frequency band and the second RAT is in a
second frequency band, and the controlling is performed by a separate native LTE
carrier in the second frequency band.
[0068] In accordance with some aspects, a computer program product can include a
computer-readable medium that may include codes for carrying out various aspects of
mcthod 500. Computcr-rcadablc medium can includce a first sct of codces for causing a
computer to decide to migrate from a first RAT to a second RAT. Also included in
computer-readable medium is a second set of codes for causing the computer to control
non-contiguous spectrum blocks that have a granularity of less than 5 MHz, wherein the
first RAT may include the non-contiguous spectrum blocks. Further, computer-readable
medium may include a third set of codes for causing the computer to migrate to the
second RAT. In accordance with some aspects, computer-readable medium may
include a fourth set of codes for causing the computer to utilize a frequency reuse of
one. In accordance with some aspects, the second set of codes controls non-contiguous
spectrum blocks with a granularity of less than 5 MHz. According to some aspects, the
second set of codes controls non-contiguous 200 KHz spectrum blocks.
[0069] With reference to FIG. 6, illustrated is a system 600 that facilitates soft
migration of technologies in accordance with one or more of the disclosed aspects. The
system 600 may reside in a user device (e.g., a UE or the like). The system 600 may
include a receiver component 602 that can receive a signal from, for example, a receiver
antenna. The receiver component 602 may perform actions thereon, such as filtering,

amplifying, down-converting, etc. of the received signal. The receiver component 602

IPR2025-00220 Exhibit 2005 Page 199 of 640



WO 2011/146766 PCT/US2011/037234

17
may also digitize the conditioned signal to obtain samples. A demodulator 604 may
obtain received symbols for each symbol period, as well as provide received symbols to
a processor 606.
[0070] The processor 606 can be a processor dedicated to analyzing information
received by the receiver component 602 and/or generating information for transmission
by a transmitter 608. In addition or alternatively, the processor 606 can control one or
more components of the system 600, analyze information received by the receiver
component 602, generate information for transmission by the transmitter 608, and/or
control onc or morc componcnts of the system 600. The proccssor 606 may include a
controller component capable of coordinating communications with additional user
devices.
[0071] The system 600 can additionally include a memory 610 operatively coupled
to the processor 606. The memory 610 can store information related to coordinating
communications and any other suitable information. The memory 610 can additionally
store protocols associated with spectrum allocation. The system 600 can further include
a symbol modulator 612, wherein the transmitter 608 transmits the modulated signal.
[0072] FIG. 7 is an illustration of a system 700 that facilitates soft migration of
tcchnologics to provide for morc cfficient usc of frcquency bands in accordance with
various aspects described herein. The system 700 may include an access point or base
station 702. As illustrated, base station 702 receives signal(s) from one or more
communication device(s) 704 (e.g., user device) by a receive antenna 706, and transmits
to the one or more communication device(s) 704 through a transmit antenna 708.
[0073] Base station 702 may include a receiver 710 that receives information from
receive antenna 706 and is operatively associated with a demodulator 712 that
demodulates received information. Demodulated symbols are analyzed by a processor
714 that is coupled to a memory 716 that stores information related to spectrum
allocation in a communication environment. A modulator 718 can multiplex the signal
for transmission by a transmitter 720 through the transmit antenna 708 to the
communication device(s) 704.
[0074] With reference to FIG. 8, illustrated is an example apparatus/system 800 that
controls the use of frequency bands, according to an aspect of this disclosure. The
system 800 may reside at least partially within a network node. It is to be appreciated

that system 800 is represented as including functional blocks, which may be functional
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blocks that represent functions implemented by a processor, software, or combination
thereof (e.g., firmware).
[0075] The system 800 may include a logical grouping 802 of electrical components
that can act separately or in conjunction. The logical grouping 802 may include an
electrical component 804 for deciding to migrate from a first RAT (e.g., GSM) to a
second RAT (e.g., LTE). In accordance with some aspects, the decision may involve
deciding to move from utilizing three or more technologies in a frequency band to only
using one or two technologies in that band.
[0076] Also included in the logical grouping 802 is an clcctrical component 806 for
controlling non-contiguous spectrum blocks that have a granularity of less than a given
value (e.g., 5 MHz), wherein the first RAT may include the non-contiguous spectrum
blocks. In accordance with some aspects, the electrical component 806 may include an
electrical component for controlling non-contiguous spectrum blocks with a granularity
of less than 5 MHz. According to some aspects, the electrical component 806 may
include an electrical component for controlling non-contiguous 200 KHz spectrum
blocks or the like.
[0077] Also included is an electrical component 808 for migrating to the second
RAT. In accordancc with somc aspccts, the logical grouping 802 may includc an
clectrical component for utilizing a frequency reuse of one. The first RAT can be in a
first frequency band and the second RAT can be in a second frequency band, and the
controlling may be performed by a separate native LTE carrier or the like in the second
frequency band.
[0078] Additionally, the system 800 may include a memory 810 that retains
instructions for executing functions associated with the components 804, 806, and 808
or other components. While shown as being external to the memory 810, it is to be
understood that one or more of the 804, 806, and 808 may exist within the memory 810.
[0079] In accordance with one or more aspects of the subject of this disclosure, FIG.
9 shows an embodiment of a method 900 for soft migration from a first RAT (e.g.,
GSM) to a second RAT (e.g., LTE) in a wireless communication network. The method
900 may be performed by at least one network entity, such as, for example, at least one
E-UTRA network element, at least one EPC network eclement, or the like, or
combinations thereof. In related aspects, the at least one E-UTRA network element
may include an eNB or component(s) thercof. In further related aspects, the EPC

network element may include an MME, an HSS, a PCRF server, an SGW, and/or a
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PGW, or component(s) thereof. The at least one network entity may also be a server or
another computing device configured to interface with one or more of the above
mentioned E-UTRA network elements and/or EPC network elements.
[0080] For example, the method 900 may involve, at 910, determining a migration
block granularity for reallocating the portion of the first frequency band to the second
RAT. The method 900 may involve, at 920, identifying at least one non-contiguous
spectrum block of the determined granularity in the first frequency band. The method
900 may involve, at 930, aggregating the identified at least one non-contiguous
spcctrum block with a native carricr in a sccond frequency band allocated to the sccond
RAT. The method 900 may involve, at 940, controlling the aggregated at least one
spectrum block via the native carrier for the second RAT.
[0081] With reference to FIG. 10, there are shown further operations or aspects of
method 900 that are optional and may be performed by one or more network entities for
soft migration from the first RAT to a second RAT. If the method 900 includes at least
one block of FIG. 9, then the method 900 may terminate after the at least one block,
without necessarily having to include any subsequent downstream block(s) that may be
illustrated. It is further noted that numbers of the blocks do not imply a particular order
in which thc blocks may bc performed according to thc mcthod 900. For cxamplc,
controlling may involve, at 942, providing control/grant information to a UE for
obtaining UE data, wherein the control information comprises at least one scheduling
grant. In another example, the method 900 may further involve, at 950, allowing a
frequency reuse of a given value (e.g., one, three, etc.).
[0082] In related aspects, identifying may involve, at 960, identifying non-
contiguous N*200 KHz spectrum blocks, wherein N is a positive integer. In further
related aspects, the first RAT may be GSM or the like, and the second RAT may be
LTE or the like. Determining may involve, at 970, sclecting a migration block
granularity of less than 5 MHz. Selecting may involve, at 972, selecting a granularity of
200 KHz. The method may further involve, at 974, allowing a frequency reuse of three,
wherein the first frequency band comprises GSM channels in a three-sector site.
[0083] In accordance with one or more aspects of the embodiments described
herein, there are provided devices and apparatuses for soft migration of frequency
spectrum blocks from a first RAT to a second RAT, as described above with reference
to FIGS. 9-10. With reference to FIG. 11, there is provided an exemplary apparatus

1100 that may be configured as a network entity or the like in a wireless network, or as
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a processor or similar device for use within the network entity, for supporting
communication. The apparatus 1100 may include functional blocks that can represent
functions implemented by a processor, software, or combination thereof.
[0084] For example, the apparatus 1100 may include: an electrical component 1112
for determining a migration block granularity for reallocating the portion of the first
frequency band to the second RAT; an electrical component 1114 for identifying at least
one non-contiguous spectrum block of the determined granularity in the first frequency
band; an electrical component 1116 for aggregating the identified at least one non-
contiguous spcctrum block with a native carricr in a sccond frequency band allocated to
the second RAT; and an electrical component 1118 for controlling the aggregated at
least one spectrum block via the native carrier for the second RAT.
[0085] In related aspects, the apparatus 1100 may optionally include a processor
component 1150 having at least one processor, in the case of the apparatus 1100
configured as a network entity, rather than as a processor. The processor 1150, in such
case, may be in operative communication with the components 1112-1118 via a bus
1152 or similar communication coupling. The processor 1150 may effect initiation and
scheduling of the processes or functions performed by electrical components 1112-
1118.
[0086] In further related aspects, the apparatus 1100 may include a radio transceiver
component 1154. A stand alone receiver and/or stand alone transmitter may be used in
lieu of or in conjunction with the transceiver 1154. The apparatus 1100 may optionally
include a component for storing information, such as, for example, a memory
device/component 1156. The computer readable medium or the memory component
1156 may be operatively coupled to the other components of the apparatus 1100 via the
bus 1152 or the like. The memory component 1156 may be adapted to store computer
readable instructions and data for effecting the processes and behavior of the
components 1112-1118, and subcomponents thercof, or the processor 1150, or the
methods disclosed herein. The memory component 1156 may retain instructions for
executing functions associated with the components 1112-1118. While shown as being
external to the memory 1156, it is to be understood that the components 1112-1118 can
exist within the memory 1156. It is further noted that the modules in FIG. 11 may
comprise processors, clectronic devices, hardware devices, electronic components,
logical circuits, memories, software codes, firmware codes, etc., or any combination

thereof.

IPR2025-00220 Exhibit 2005 Page 203 of 640



WO 2011/146766 PCT/US2011/037234

21
[0087] Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.
[0088] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosurc hercin may be implementced as clcctronic hardwarce, computer softwarc, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.
[0089] The various illustrative logical blocks, modulcs, and circuits described in
connection with the disclosure herein may be implemented or performed with a general-
purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.
[0090] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium

known in the art. An exemplary storage medium is coupled to the processor such that
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the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0091] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thercof. If
implemented in software, the functions may be stored on or transmitted over as one or
morc instructions or codc on a computcr-rcadable mcdium. Computcer-rcadable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can comprises RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data
structures and that can be accessed by a general-purpose or special-purpose computer,
or a genceral-purposc or spccial-purposc processor.  Also, any conncction is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[0092] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of

the disclosure. Thus, the disclosure is not intended to be limited to the examples and
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designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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CLAIMS
WHAT IS CLAIMED IS:
1. A soft migration method for reallocating a portion of a first frequency band

allocated to a first radio access technology (RAT) to a second RAT in a wircless
communication network, comprising:

determining a migration block granularity for reallocating the portion of the first
frequency band to the second RAT;

identifying at least one non-contiguous spectrum block of the determined
granularity in the first frequency band;

aggregating the identified at least one non-contiguous spectrum block with a
native carrier in a second frequency band allocated to the second RAT; and

controlling the aggregated at least one spectrum block via the native carrier for

the second RAT.

2. The method of Claim 1, wherein controlling comprises providing control
information to a user equipment (UE) for obtaining UE data, wherein the control

information comprises at least one scheduling grant.

3. The method of Claim 1, wherein further comprising allowing a frequency reuse
of one.
4. The method of Claim 1, wherein identifying comprises identifying non-

contiguous N*200 KHz spectrum block(s), wherein N comprises a positive integer.

5. The method of Claim 1, wherein the first RAT comprises Global System for
Mobile communications (GSM) and the second RAT comprises 3rd Generation

Partnership Project (3GPP) Long Term Evolution (LTE).

6. The method of Claim 5, wherein the determined granularity is less than 5 MHz.
7. The method of Claim 6, wherein the determined granularity is 200 KHz.
. The method of Claim 5, further comprising allowing a frequency reuse of three,

wherein the first frequency band comprises GSM channels in a three-sector site.
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9. A wireless communication apparatus for reallocating a portion of a first
frequency band allocated to a first radio access technology (RAT) to a second RAT in a
wireless communication network, comprising:

at least one processor configured to: determine a migration block granularity for
reallocating the portion of the first frequency band to the second RAT; identify at least
one non-contiguous spectrum block of the determined granularity in the first frequency
band; aggregate the identified at least one non-contiguous spectrum block with a native
carrier in a second frequency band allocated to the second RAT; and control the
aggregated at least one non-contiguous spectrum block via the native carrier for the
second RAT; and

a memory coupled to the at least one processor for storing data.

10. The apparatus of Claim 9, wherein the at least one processor controls by
providing control information to a user equipment (UE) for obtaining UE data, wherein

the control information comprises at least one scheduling grant.

11. The apparatus of Claim 9, wherein the at least one processor allows a frequency

reuse of one.

12. The apparatus of Claim 9, wherein the at least one processor identifies by
identifying non-contiguous N*200 KHz spectrum block(s), wherein N comprises a

positive integer.

13. The apparatus of Claim 9, wherein the first RAT comprises Global System for
Mobile communications (GSM) and the second RAT comprises 3rd Generation

Partnership Project (3GPP) Long Term Evolution (LTE).

14. The apparatus of Claim 13, wherein the determined granularity is less than 5

MHz.

15. The apparatus of Claim 14, wherein the determined granularity is 200 KHz.

16. The apparatus of Claim 13, wherein the at least one processor allows a
frequency reuse of three, wherein the first frequency band comprises GSM channels in a

three-sector site.
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17. The apparatus of Claim 9, wherein apparatus comprises at least one network

entity.

18. The apparatus of Claim 9, wherein the at least one network entity comprises an

evolved Node B (eNB).

19. A wircless communication apparatus for rcallocating a portion of a first
frequency band allocated to a first radio access technology (RAT) to a second RAT in a
wireless communication network, comprising:

means for determining a migration block granularity for reallocating the portion
of the first frequency band to the second RAT;

means for identifying at least one non-contiguous spectrum block of the
determined granularity in the first frequency band;

means for aggregating the identified at least one non-contiguous spectrum block
with a native carrier in a second frequency band allocated to the second RAT; and

mcans for controlling thc aggregated at lcast onc spectrum block via the native

carrier for the second RAT.

20. The apparatus of Claim 19, further comprising means for providing control
information to a user equipment (UE) for obtaining UE data, wherein the control

information comprises at least one scheduling grant.

21. The apparatus of Claim 19, furthcr comprising mcans for allowing a frcquency

reuse of one.

22. The apparatus of Claim 19, wherein:

the first RAT compriscs Global System for Mobilc communications (GSM) and
the second RAT comprises 3rd Generation Partnership Project (3GPP) Long Term
Evolution (LTE); and

the determined granularity is less than 5 MHz.

23. The apparatus of Claim 19, further comprising means for identifying non-

contiguous N*200 KHz spectrum block(s), wherein N comprises a positive integer.
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24. A computer program product for reallocating a portion of a first frequency band
allocated to a first radio access technology (RAT) to a second RAT in a wircless
communication network, comprising;:
a computer-readable medium comprising code for causing a computer to:
determine a migration block granularity for reallocating the portion of
the first frequency band to the second RAT;
identify at least one non-contiguous spectrum block of the determined
granularity in the first frequency band;
aggregate the identified at least one non-contiguous spectrum block with
a native carrier in a second frequency band allocated to the second RAT; and
control the aggregated at least one spectrum block via the native carrier

for the second RAT.

25. The computer program product of Claim 24, wherein the computer-readable
medium comprising code for causing the computer to provide control information to a
user equipment (UE) for obtaining UE data, wherein the control information comprises

at least one scheduling grant.

26. The computer program product of Claim 24, wherein the computer-readable

medium comprising code for causing the computer to allow a frequency reuse of one.

27. The computer program product of Claim 24, wherein:

the first RAT comprises Global System for Mobile communications (GSM) and
the second RAT comprises 3rd Generation Partnership Project (3GPP) Long Term
Evolution (LTE); and

the determined granularity is less than 5 MHz.

28. The computer program product of Claim 24, wherein the computer-readable
medium comprising code for causing the computer to identify non-contiguous N*200

KHz spectrum block(s), wherein N comprises a positive integer.
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29. A method for enabling soft migration of technologies, comprising:

deciding to migrate from a first radio access technology (RAT) to a second
RAT;

controlling non-contiguous spectrum blocks that have a granularity, wherein the
first RAT comprises the non-contiguous spectrum blocks; and

migrating to the second RAT.

30. An apparatus for enabling soft migration of technologies, comprising:

at least one process configured to: decide to migrate from a first radio access
technology (RAT) to a second RAT; control non-contiguous spectrum blocks that have
a granularity, wherein the first RAT comprises the non-contiguous spectrum blocks; and
migrate to the second RAT; and

a memory coupled to the at least one processor for storing data.

IPR2025-00220 Exhibit 2005 Page 211 of 640



PCT/US2011/037234

WO 2011/146766

114

V1Ol

BOZ

SAN®
Wwouj/0)

<+

Jsjjonuon
NNOEIN

\

0S

Page 212 of 640

Exhibit 2005

IPR2025-00220



WO 2011/146766 PCT/US2011/037234

2/14

100
’/—

[aa
~
S
o
S = e
Fé —
~2¢g
5B % .
s 5 &
aa) Z. pr
z 3 - 3
m
)
p=

AN
::_:AZz:%&:éﬁ%%t?é‘#’%
XXX /

MACRO CELL ACCESS

IPR2025-00220 Exhibit 2005 Page 213 of 640



WO 2011/146766

3/14

200
{—

202
/—

COMMUNICATION
APPARATUS

204
=

CONTROL
COMPONENT

206

210
@ MEMORY

208
s

Y

212
¢ ya
FREQUENCY

REUSE —» PROCESSOR
COMPONENT

IPR2025-00220

FIG. 2

Exhibit 2005

PCT/US2011/037234

Page 214 of 640



WO 2011/146766

LTE

IPR2025-00220

4/14

{—300

Exhibit 2005

PCT/US2011/037234

LTE

LTE

FIG. 3B

[—312

[—310

Page 215 of 640



WO 2011/146766

5/14

LTE

LTE

FIG. 3C

IPR2025-00220 Exhibit 2005

{—322

{—320

PCT/US2011/037234

Page 216 of 640



PCT/US2011/037234

WO 2011/146766

6/14

TI
-

D¢

D7

¢ods

[OHS T €048
TI TI
5l | T
987 09
Dt
V(vcv

E:T\A

AL |

'8

¢

07

70dS
< 10dS Y £04S
1 DdS QYA [ HD -

‘ALTOL NOLLISNVY.L DL 6
o 09
Ol D¢

"

Page 217 of 640

Exhibit 2005

IPR2025-00220



WO 2011/146766 PCT/US2011/037234

7/14
( START >
M2~ l 500
REDUCE THE NUMBER

OF DEPLOYED RATS

504\ l

CONTROL
NON-CONTIGUOUS
SPECTRUM BLOCKS

-

MIGRATE TO SECOND RAT

508\ l

USE A FREQUENCY
REUSE OF ONE

.

[ END

FIG. 5

IPR2025-00220 Exhibit 2005 Page 218 of 640



WO 2011/146766 PCT/US2011/037234

8/14

600\

USER DEVICE

602
AN

RECEIVER
COMPONENT

604\ l

DEMODULATOR

608 612 06
RN RN v /¢

TRANSMITTER [¢—— MODULATOR [#——— - PROCESSOR

i

61
0\ MEMORY

FIG. 6

IPR2025-00220 Exhibit 2005 Page 219 of 640



WO 2011/146766 PCT/US2011/037234

9/14
700~
702
4
BASE STATION
716
ya
706~ 10 MEMORY
Rx ANTENNA nil L
= RECEIVER /—714
704~ T M~y | ™ PROCESSOR
COMMUNICATION DEMOD A

DEVICE(S)

720~
708\ T j TRANSMITTER

5

MODULATOR 1«

718—/

Tx ANTENNA |«

FI1G. 7

IPR2025-00220 Exhibit 2005 Page 220 of 640



PCT/US2011/037234

WO 2011/146766

10/14

8 O

ecwl\

AHdONHIN
cﬁwl\

ADOTONHOAL
ADOTONHOAL mM%quﬂwm WZ—% w d V OL dDY4ANOD

HHL OL DNILVIDIN 04 ININOJNOD OL ONIAIDHA
HOd LNANOdINOO TVORLIDTTA JO4d ININOINOO

TVORLOdTA TVOdLOATd

wcwl\ ocwl\ vcwl\
Newl\

Page 221 of 640

Exhibit 2005

IPR2025-00220



WO 2011/146766

IPR2025-00220

11/14

r_,900

7910

DETERMINING A MIGRATION BLOCK GRANULARITY FOR
REALLOCATING THE PORTION OF THE FIRST FREQUENCY
BAND TO THE SECOND RAT

* 920

IDENTIFYING AT LEAST ONE NON-CONTIGUOUS SPECTRUM
BLOCK OF THE DETERMINED GRANULARITY IN THE FIRST
FREQUENCY BAND

l 930

AGGREGATING THE IDENTIFIED AT LEAST ONE NON-
CONTIGUOUS SPECTRUM BLOCK WITH A NATIVE CARRIER IN
A SECOND FREQUENCY BAND ALLOCATED TO THE SECOND

RAT

v 940

CONTROLLING THE AGGREGATED AT LEAST ONE SPECTRUM
BLOCK VIA THE NATIVE CARRIER FOR THE SECOND RAT

FIG. 9

Exhibit 2005

PCT/US2011/037234

Page 222 of 640



WO 2011/146766 PCT/US2011/037234

12/14

900

P 942

PROVIDING CONTROL/GRANT INFORMATION TO A UE FOR
OBTAINING UE DATA, WHEREIN THE CONTROL INFORMATION
COMPRISES AT LEAST ONE SCHEDULING GRANT

l 950

ALLOWING A FREQUENCY REUSE OF A GIVEN VALUE
(e.g., ONE, THREE, ETC.)

l /960

IDENTIFYING NON-CONTIGUOUS M*200 KHz SPECTRUM
BLOCKS, WHEREIN M IS A POSITIVE INTEGER

l 970

SELECTING A MIGRATION BLOCK GRANULARITY OF LESS
THAN 5 MHz

I

SELECTING A GRANULARITY OF 200 KHz

! 74

ALLOWING A FREQUENCY REUSE OF THREE, WHEREIN THE
FIRST FREQUENCY BAND COMPRISES GSM CHANNELS IN A
THREE-SECTOR SITE

FI1G. 10

IPR2025-00220 Exhibit 2005 Page 223 of 640



WO 2011/146766

1100

AN

1112

COMPONENT FOR DETERMINING A
MIGRATION BLOCK GRANULARITY
FOR REALLOCATING THE PORTION
OF THE FIRST FREQUENCY BAND TO
THE SECOND RAT

A114

PCT/US2011/037234

COMPONENT FOR IDENTIFYING AT
LEAST ONE NON-CONTIGUOUS
SPECTRUM BLOCK OF THE
DETERMINED GRANULARITY IN THE
FIRST FREQUENCY BAND

~1116

COMPONENT FOR AGGREGATING
THE IDENTIFIED AT LEAST ONE NON-
CONTIGUOUS SPECTRUM BLOCK
WITH A NATIVE CARRIER IN A
SECOND FREQUENCY BAND
ALLOCATED TO THE SECOND RAT

o
=
o
0O
®
]
w
O
=
A

<
@
3
o
<
A

IPR2025-00220

Exhibit 2005

——1152
/- 1118
COMPONENT FOR CONTROLLING
THE AGGREGATED AT LEAST ONE
SPECTRUM BLOCK VIA THE NATIVE
CARRIER FOR THE SECOND RAT
T 1154
e m o Y
1 1
1----- 1 Transceiver |
b oo :
FIG. 11

Page 224 of 640



WO 2011/146766 PCT/US2011/037234

14/14

LTE Carrier 1 LTE Carrier 2 LTE Carrier 3

-

W Frequency

Component Carriers

FIG. 12A
" LTE ©LTE " LTE
Carrier 1 Carrier 2 Carrier 3
Frequency

Component Carriers

FIG. 12B

IPR2025-00220 Exhibit 2005 Page 225 of 640



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/037234

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4W16/02 HO4W16/14
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4W

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, COMPENDEX, INSPEC, IBM-TDB, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 20087088253 Al (ERICSSON TELEFON AB L M
[SE]; WESTERBERG ERIK [SE]; OLSSON ANDREAS
[SE) 24 July 2008 (2008-07-24)

abstract

page 2, line 20 - page 5, line 29

page 7, line 10 - page 18, line 12

claims 1-15

figures 1,4-13

_/__

1-30

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

invention

which is cited to establish the publication date of another e
citation or other special reason (as specified)

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

10 October 2011 17/10/2011

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Name and mailing address of the ISA/ Authorized officer

Tel. (+31-70) 340-2040, ) )
éx%ﬂ17&3403m6 Rosken, Wilfried

Form PCT/ISA/210 (second sheet) (April 2005)
IPR2025-00220 Exhibit 2005

padddq 25 §0




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/037234

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

ERICSSON: "LTE spectrum migration",

3GPP DRAFT; R4-070171, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. RAN WG4, no. St. Louis, MO; 20070220,
20 February 2007 (2007-02-20),
XP0O50176649,

[retrieved on 2007-02-20]

* chapter 2.1 *

* Annex B *

ALCATEL-LUCENT: "Recommendations on lower
LTE bandwidth options ( 5 MHz) for
GSM/CDMA migration",

3GPP DRAFT; R4-070616, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. RAN WG4, no. Kobe, Japan; 20070502,
2 May 2007 (2007-05-02), XP050177092,
[retrieved on 2007-05-02]

* chapter 2 *

US 2009/268831 Al (ONGGOSANUSI EKO N [US]
ET AL) 29 October 2009 (2009-10-29)
paragraphs [0022] - [0028], [0034],
[0036]

claims 1-4

figures 2B, 3A

RAPEEPAT RATASUK ET AL: "Carrier
Aggregation in LTE-Advanced",

2010 TEEE VEHICULAR TECHNOLOGY CONFERENCE
(VTC 2010-SPRING) - 16-19 MAY 2010 -
TAIPEI, TAIWAN, IEEE, US,

16 May 2010 (2010-05-16), pages 1-5,
XP031696127,

ISBN: 978-1-4244-2518-1

abstract

* chapters I, III, IV *

PARKVALL S ET AL: "LTE-Advanced -
Evolving LTE towards IMT-Advanced",
VEHICULAR TECHNOLOGY CONFERENCE, 2008. VTC
2008-FALL. IEEE 68TH, IEEE, PISCATAWAY,
NJ, USA,

21 September 2008 (2008-09-21), pages 1-5,
XP031352496,

ISBN: 978-1-4244-1721-6

* IIT A *

1-30

1-30

1-30

1-30

1-30

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

IPR2025-002

20 Exhibit 2005

pagd?y £ §'0




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2011/037234

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

HUAWEI: "Component carrier types for
LTE-Advanced",

3GPP DRAFT; R4-100536, 3RD GENERATION
PARTNERSHIP PROJECT (3GPP), MOBILE
COMPETENCE CENTRE ; 650, ROUTE DES
LUCIOLES ; F-06921 SOPHIA-ANTIPOLIS CEDEX
; FRANCE,

vol. RAN WG4, no. San Francisco, USA;
20100222, 16 February 2010 (2010-02-16),
XP050426003,

[retrieved on 2010-02-16]

* chapter 2 and 3 *

1-30

Form PCT/ISA/210 (continuation of second sheet) (April 2005)
IPR2025-00220 Exhibit 2005

padddy2 B §o




INTERNATIONAL SEARCH REPORT

International application No
Information on patent family members

PCT/US2011/037234
Patent document Publication Patent family Publication

cited in search report date member(s) date
WO 2008088253 Al 24-07-2008 CN 101578898 A 11-11-2009
EP 2103160 Al 23-09-2009
EP 2373077 Al 05-10-2011
US 2010136989 Al 03-06-2010
US 2009268831 Al 29-10-2009  CN 102017696 A 13-04-2011
WO 2009132178 A2 29-10-2009

Form PCT/ISA/210 (patent family annex) (April 2005)
IPR2025-00220 Exhibit 2005 Page 229 of 640



wo 2012/023895 A1 [0 RO 0 O O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

I O 0 O Ot
(10) International Publication Number

WO 2012/023895 Al

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 February 2012 (23.02.2012)

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
HO4W 72/04 (2009.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. .. Dz, IC, CL, G, LS, FI, GB, GD, G, GII, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
PCT/SE2011/050904 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
5 July 2011 (05.07.2011) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
61/374,314 17 August 2010 (17.08.2010) Us GM, KE, LR, LS, MW, MZ, NA, 8D, 8L, 8Z, TZ, UG,
/M, ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(71) Applicant (for all designated States except US): TELE- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
FONAKTIEBOLAGET L M ERICSSON (PUBL) [SE/ EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
SE]; S-164 83 Stockholm (SE). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(72) Inventors; and SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

(75) Inventors/Applicants (for US only): KAZMI, Muham- GW, ML, MR, NF, SN, TD, TG).
mad [SE/SE]; Svartviksslingan 110, 3 tr, S-167 39 Brom- Declarations under Rule 4.17:
ma (SE). BERGLJUNG, Christian [SE/SE]; Tradgards- . e .
galan 9F, $-223 53 Lund (SE). of inventorship (Rule 4.17(iv))
Published:

(74) Agent: BRANN AB; P.O. Box 12246, S8-102 26 Stock-
holm (SE). —  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: METHODS AND ARRANGEMENTS IN CELLULAR COMMUNICATION SYSTEMS

UE (Hg) Network node

30.Acquire a parameter related
to a 2nd frequency band (Sg)
I
31.Determine the 2nd
frequency band (Sg)
I

32.Implement numbering scheme
of 2nd frequency band (Sg)

33.Communicate on 2nd frequency
band (Sp)
<

Fig 3

(57) Abstract: The disclosure relates to methods and arrangements wherein a user equipment (UE) supporting a first frequency
band Hg is enabled to communicate with a network utilizing a second frequency band. The second [requency band is a sub-band
of the first frequency band or overlaps with the first frequency band. The UE, which supports the first frequency band, implements
32 the channel numbering scheme of the second frequency band Ss which overlaps with the first frequency band Hs. This enables
the UE supporting the first frequency band Hsg to recognize the second frequency band SB and communicate 33 with the network
when the UE is camped or connected to a cell operating in the second frequency band Ss.

IPR2025-00220 Exhibit 2005 Page 230 of 640



10

15

20

25

30

35

WO 2012/023895 PCT/SE2011/050904

METHODS AND ARRANGEMENTS IN CELLULAR COMMUNICATION SYSTEMS

TECHNICAL FIELD

The present disclosure relates to methods and arrangements in cellular
communication systems. In particular, methods and arrangements are
disclosed for handling communication between a user equipment supporting a

first frequency band and a network utilizing a second frequency band.

BACKGROUND

A frequency band or an operating frequency band may support a specific duplex
mode of operation. Examples of possible duplex modes are: frequency division
duplex (FDD), time division duplex (FDD) and half duplex FDD (HD-FDD).

In frequency division duplex (FDD) mode of operation, which is used in
Universal Terrestrial Radio Access Network (UTRAN) FDD and Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) FDD, the uplink and
downlink transmission take place on different carrier frequency channels.
Therefore, in FDD mode both uplink and downlink transmission can occur
simultaneously in time. On the other hand in time division duplex (TDD) mode,
which is used in UTRAN TDD and E-UTRAN TDD, the uplink and downlink
transmission take place on the same carrier frequency channel but in different
time slots or sub-frames. Half duplex FDD (HD-FDD) that is used in Global
System for Mobile communications (GSM) can be regarded as a hybrid scheme
where the uplink and downlink are transmitted on different carrier frequencies
and are also transmitted on different time slots. This means that uplink and

downlink transmission do not occur simultaneously in time.

One primary objective of the standardization of next generation of mobile
telecommunications systems in 3rd Generation Partnership Project (3GPP) is to
develop a frequency band, which can preferably be used globally or at least in
large number of countries. A global or regional band leads to several advantages
in terms of global roaming, reduced cost of the products due to the economy of
scale, simplicity in building products/devices since the same or at least limited
platforms/devices can be reused globally or regionally etc. However certain

country specific and even operator specific frequency bands are unavoidable
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due to the fact that the spectrum availability for the mobile services may be
fragmented in different countries and even within a country. Furthermore, the
regulators in each country independently allocate the frequency band in
accordance with the available spectrum. Also the spectrum below 1 GHz, due to
its very promising propagation characteristics, might be scarce or fragmented
due to higher demand by other competing technologies. Hence there might be
several smaller frequency bands even in the same frequency range allocated in
different parts of the world. These local or operator specific bands may partially
overlap or may be adjacent in frequency. The assigned spectrum will eventually
be standardized in 3GPP in terms of frequency bands so that vendors can
develop the products e.g. base stations and user equipments. The
standardization of a frequency band encompasses various aspects including the
band numbering, raster, carrier frequency channel mimbering, user equipment
and base station radio requirements, user equipment and base station
performance requirements, Radio Resource Management (RRM) requirements

etc.

For example, several bands are standardized and allocated in various parts of
the world in 800 MHz range for UTRAN FDD and E-UTRAN FDD e.g. bands 5, 6,
18 and 19. Some of the individual frequency bands within 800 MHz range are
shown in Figure la-1d. In band 5, which is used in America, Australia and a
few countries in Asia and illustrated in Figure 1la, 824-849 MHz 10a is
allocated for uplink and 869-894 MHz 11a is allocated for downlink. In band 6,
which is used in Japan and illustrated in Figure 1b, 830-840 MHz 10b is
allocated for uplink and 875-885 MHz 11b is allocated for downlink. In band
18, which is also used in Japan, operator specific and illustrated in Figure 1lc,
815-830 MHz 10c is allocated for uplink and 860-875 MHz 11c is allocated for
downlink., In band 19, which is also used in Japan, operator specific and
illustrated in Figure 1d, 830-845 MHz 10d is allocated for uplink and 875-890
MHz 11d is allocated for downlink.

It can be observed from Figure la-1d that either these bands overlap or are
adjacent. Secondly most of them are country or even operator specific.
Therefore in 3GPP there has been an extensive effort to develop one or two
harmonized frequency bands in the 800 MHz range, which could cover all or

most of the bands within this frequency range.
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The term ‘harmonized band’ stems from the fact that it is the super-set or that
it covers more than one smaller or individual frequency band in the frequency
range. Examples of possible harmonized bands in the 800 MHz range are

shown in Figures 2a-2b. In the example of a harmonized band currently

~studied in 3GPP and illustrated in Figure 2a, 814-849 MHz 20a is allocated for

uplink and 859-894 MHz 21a is allocated for downlink. In another example of a
harmonized band currently studied in 3GPP and illustrated in Figure 2b, 806-
849 MHz 20b is allocated for uplink and 859-894 MHz 21b is allocated for
downlink. The harmonized bands in figures 2a and 2b cover all the frequency

bands illustrated in Figure la-1d.

The user equipment/terminal capable of supporting a harmonized band should
be able to operate in several of these specific or individual bands. This will lead
to lower user equipment costs since specific hardware for an individual band in
this range, e.g. 800 MHz, is not required. Furthermore, all operators holding
spectrum in the same frequency range would be able to easily get sufficient
terminals facilitating their network operation. The terminals supporting the
harmonized band must also be compliant to the regulatory requirements in the

legacy bands in order to operate in these.

The harmonization of frequency bands is possible in any frequency range,
which contains more than one smaller or fragment bands e.g. in 1900 MHz
range. Another frequency range being considered for the harmonization is 700
MHz, which is currently fragmented into several smaller operator specific
bands.

In order to simplify the frequency search or the so-called initial cell search the
center frequency of a radio channel is specified to be an integral multiple of a
well defined, generally fixed number, called channel raster. This enables the
user equipment to tune its local oscillator only at one of the raster points

assuming it to be the center frequency of the channel being searched.

The channel raster in UTRAN FDD is 200 KHz but for certain channels and
bands it is also 100 KHz. In E-UTRAN FDD and TDD channel raster for all
channels, i.e. all bandwidths, is 100 KHz. The channel raster directly impacts

the channel numbering, which is described in the following.
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The carrier frequencies in a frequency band are enumerated. The enumeration
is standardized such that the combination of the frequency band and the
carrier frequency can be determined by a unique number called absolute radio
frequency number. In GSM, UTRAN and E-UTRAN the channel numbers are
called Absolute Radio Frequency Channel Number (ARFCN), UTRA Absolute
Radio Frequency Channel Number (UARFCN) and E-UTRA Absolute Radio
Frequency Channel Number (EARFCN), respectively.

In FDD systems separate channel numbers are specified for uplink (UL) and
downlink (DL). In TDD there is only one channel number since the same

frequency is used in both directions.

The channel numbers, e.g. EARFCN, for each band are unique in order to
distinguish between different bands. The channel number for each band can be
derived from the expressions and mapping tables defined in the relevant
specifications. Based on the signalled channel numbers, e.g. EARFCN in E-
UTRAN, and the pre-defined parameters associated with each band the user
equipment can determine the actual carrier frequency in MHz and the

corresponding frequency band. This is explained by the following example.

For example the relation between the EARFCN and the carrier frequency FpL in

MHz for the downlink is pre-defined by the following equation:

For = Fpriow + 0.1(NpL — Norss-pL)

Where Fpriow and Nogspr are pre-defined values for each band and Npp is the
downlink EARFCN.

Consider E-UTRAN band 5, whose EARFCN range Npg, lies between 2400-2649
MHz. The pre-defined values of Fpriow and NogspL are 869 MHz and 2400 MHz,
respectively. Assume that the network signals that downlink EARFCN is 2500
MHz. Using the above expression the user equipment can determine that the
downlink carrier frequency of the channel is 879 MHz. Furthermore as stated
above, the pre-defined EARFCN range is unique for each band. Hence, the user
equipment can determine the frequency band corresponding to the signalled
EARFCN. An expression to derive the E-UTRAN FDD uplink carrier frequency,
which is similar to that of the downlink carrier frequency, is also pre-defined. In

E-UTRAN FDD both fixed transmit-receive frequency separation, ie, fixed
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duplex, and variable transmit-receive frequency separation, i.e. variable duplex,
’are supported. If fixed transmit-receive frequency separation is used by the
network then the network does not have to signal the uplink EARFCN since the
user equipment can determine the uplink carrier frequency from the downlink
carrier frequency and the pre-defined duplex gap. In case the variable duplex is
employed by the network for a certain band then both downlink and uplink
EARFCN have to be signalled.

For the initial cell search or more specifically for the initial carrier frequency
search the user equipment has to search at all possible raster frequencies e.g.
with 100 KHz resolution in the E-UTRAN frequency band. However, for the user
equipments camped on or connected to the cell, the network signals the
absolute radio frequency channel number(s) for performing measurements,
mobility decisions such as cell reselection or commanding handover to certain
cell belonging to certain frequency channel of the same or of a different radio
access technology (RAT) etc. Hence, the user equipment can, after camping on a
cell in idle mode or when connected to a cell in connected mode, acquire the cell
specific or user equipment specific system information, which contains the

absolute radio frequency channel number(s).

The network can request the user equipment to perform handover to a cell
operating on another carrier frequency i.e. an inter-frequency handover or to a
cell belonging to another RAT i.e. an inter-RAT handover. The inter-frequency or
inter-RAT handover is performed to a cell on a carrier frequency, which may or
may not belong to the frequency band of the serving cell. In both handover
scenarios, the carrier frequencies of the serving cell and the target cells are
different. Therefore, in order to assist the UE to perform the inter-frequency or
inter-RAT handover the network signals the frequency channel number of the

target carrier frequency in the handover command.

According to state of the art solutions the user equipment supporting a
harmonized frequency band, which overlaps with one or more individual
smaller legacy frequency bands, will implement the carrier frequency channel
numbers and other relevant information related to the harmonized band, which

harmonized band is denoted Hg.
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In the past UTRAN FDD and E-UTRAN FDD band 6 used in Japan was
extended by 5 MHz. The new extended UTRAN FDD and E-UTRAN FDD band 6
is called UTRAN FDD and E-UTRAN FDD band 19. Hence band 19, which is the
super-set of band 6, can be regarded as the harmonized band with respect to
band 6. The entire band 19 is country specific. It has therefore been specified
that band 6 is not applicable. This means that the network will only implement
band 19. This solution as used for bands 6/19 is not possible for a harmonized
band, which overlaps with several individual bands in several countries and an
individual band may also be owned by more than one operator. Thus, it is not
likely that all operators using the individual band would refarm their legacy

network to the new harmonized band.

Individual bands overlapping with the harmonized band, e.g. in the 800 MHz
range, will exist in various parts of the world. This is because the frequency
assignment in different parts of the world may be different and therefore it is
not likely that all networks in different parts of the world will implement the
new harmonized band. However, there will be several user equipments capable
of supporting the harmonized band as this will reduce the cost and avoid the
need for user equipments with separate implemented hardware for each
individual band. However, a user equipment supporting the harmonized band
will not be able to recognize relevant information of the smaller legacy bands.
Furthermore, a user equipment, which is capable of supporting a harmonized
band Hg, entering in a network using future smaller individual bands Sg will not

be able to recognize relevant information of the future smaller individual bands.

SUMMARY

The object of the present invention is to address some of the problems and
disadvantages outlined above, and to provide methods and arrangements for
enabling a user equipment supporting a first frequency band to communicate
with a network utilizing a second frequency band which is a sub-set of or

overlaps with the first frequency band.

The above stated object is achieved by means of the methods and the
arrangements according to the independent claims, and by the embodiments

according to the dependent claims.
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In accordance with a first aspect of embodiments, a method in a wuser
equipment which is arranged to communicate with a network node comprised
in a cellular communication system is provided. The user equipment is
configured to support a first frequency band. The method comprises acquiring
at least one parameter related to at least one second frequency band. The
method further comprises determining the at least one second frequency band
to which the acquired at least one parameter corresponds, wherein the at least
one second frequency band is a sub-band of the first frequency band or
overlaps with the first frequency band. The method includes implementing a
channel numbering scheme related to the at least one second frequency band.
Furthermore, the method comprises communicating with the network node on

the at least one second frequency band.

In accordance with a second aspect of embodiments, a method in a network
node comprised in a cellular communication system is provided. The network
node is arranged to communicate with a user equipment. The user equipment
is configured to support a first frequency band. The method comprises receiving
an indication from the user equipment that the user equipment is able to
recognize a channel numbering scheme related to at least one second frequency
band. The at least one second frequency band is a sub-band of the first
frequency band or overlaps with the first frequency band. The method
comprises determining if the at least one second frequency band is used in the
network node. If the at least one second frequency band is used, the method
further comprises sending to the user equipment at least one parameter related
to the at least one second frequency band. The method further includes
communicating with the user equipment on the at least one second frequency
band.

In accordance with a third aspect of embodiments, a method in a network node
comprised in a cellular communication system is provided. The network node is
arranged to communicate with a user equipment and the user equipment is
configured to support a first frequency band. The method comprises receiving a
report from the user equipment that the user equipment has first frequency
band capability. The method further includes sending to the user equipment at

least one parameter related to at least one second frequency band, wherein the
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at least one second frequency band is a sub-band of the first frequency band or
overlaps with the first frequency band. Additionally, the method comprises

communicating with the user equipment on the at least one second frequency
band.

In accordance with a fourth aspect of embodiments, a user equipment
configured to communicate with a network node comprised in a cellular
communication system and configured to support a first frequency band is
provided. The user equipment comprises a processor adapted to acquire at least
one parameter related to at least one second frequency band. The processor is
further adapted to determine the at least one second frequency band to which
the acquired at least one parameter corresponds. The at least one second
frequency band is a sub-band of the first frequency band or overlaps with the
first frequency band. Moreover, the processor is adapted to implement a
channel numbering scheme related to the at least one second frequency band.
The user equipment further comprises a transceiver adapted to communicate

with the network node on the at least one second frequency band.

In accordance with a fifth aspect of embodiments, a network node configured to
be used in a cellular communication system and to communicate with a user
equipment is provided. The user equipment is configured to support a first
frequency band. The network node comprises a transceiver adapted to receive
an indication from the user equipment that the user equipment is able to
recognize a channel numbering scheme related to at least one second frequency
band. The at least one second frequency band is a sub-band of the first
frequency band or overlaps with the first frequency band. The network node
further comprises a processor adapted to determine if the at least one second
frequency band is used in the network node. If the at least one second
frequency band is used in the network node, the transceiver is further adapted
to send to the user equipment at least one parameter related to the at least one
second frequency band. Additionally, the transceiver is adapted to communicate

with the user equipment on the at least one second frequency band.

In accordance with a sixth aspect of embodiments, a network node configured
to be used in a cellular communication system and to communicate with a user

equipment is provided. The user equipment is configured to support a first
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frequency band. The network node comprises a transceiver adapted to receive a
report from the user equipment that the user equipment has first frequency
band capability. The transceiver is further adapted to send to the user
equipment at least one parameter related to at least one second frequency
band, wherein the at least one second frequency band is a sub-band of the first
frequency band or overlaps with the first frequency band. In addition, the
transceiver is adapted to communicate with the user equipment on the at least

one second frequency band.

An advantage of particular embodiments is that they provide a solution to the
stated object which enables that the user equipment supporting a harmonized
band can operate in a network operating in a band, which is smaller and

overlaps with or is a sub-band of the harmonized band.

Another advantage of particular embodiments is that the user equipment
supporting a harmonized band can roam to a legacy band, which is a sub-set of

the harmonized band.

A further advantage of particular embodiments is that the user equipment
supporting a harmonized band can roam and/or operate in a band, which is a

sub-set of the harmonized band introduced in the future.

Further advantages and features of embodiments will become apparent when

reading the following detailed description in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding, reference is made to the following drawings and

preferred embodiments.

Figures la-1d illustrate several individual frequency bands within the 800 MHz
range.

Figures 2a-2b illustrate examples of possible harmonized bands in the 800
MHz range.

Figure 3 is a signalling diagram illustrating a method of an exemplary
embodiment.

Figure 4 is a signalling diagram illustrating methods of a further exemplary

embodiment.
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Figure § is a signalling diagram illustrating methods of a yet further exemplary
embodiment.

Figure 6 illustrates schematically a conventional cellular communication
system such as an LTE network, wherein embodiments may be implemented.
Figure 7 illustrates schematically a user equipment according to embodiments.

Figure 8 illustrates schematically a network node according to embodiments.

DETAILED DESCRIPTION

In the following description, for purposes of explanation and not limitation,
specific details are set forth, such as particular sequences of steps and
particular device configurations in order to provide a thorough understanding of
the embodiments. It will be apparent to one skilled in the art that the
embodiments may be practised in other embodiments that depart from these

specific details. In the drawings, like reference signs refer to like elements.

Moreover, those skilled in the art will appreciate that the means and functions
explained herein below may be implemented using software functioning in
conjunction with a programmed microprocessor or general purpose computer,
and/or using an application specific integrated circuit (ASIC). It will also be
appreciated that while the embodiments of the present disclosure are primarily
described in the form of methods and devices, the embodiments may also be
embodied or implemented in a computer program product as well as a system
comprising a computer processor and a memory coupled to the processor,
wherein the memory is encoded with one or more programs that may perform

the functions disclosed herein.

Among several things the following disclosure relates to enabling operation and
roaming of a user equipment supporting a harmonized frequency band, i.e. a
first frequency band, in a smaller frequency band, i.e. a second frequency band,
which is a sub-set of or overlaps with the harmonized frequency band. It should
be noted that the term ‘harmonized band’ stems from the fact that it is the
super-set or that it covers more than one smaller or individual frequency band
in the frequency range. The individual frequency band is a sub-set of the
harmonized frequency band or overlaps with the frequency band, e.g. it may lie

partly over the harmonized frequency band.
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As mentioned above, a user equipment supporting a harmonized frequency
band, which overlaps with one or more individual smaller legacy frequency
bands, will implement the carrier frequency channel numbers and other
relevant information related to the harmonized band Hg. The user equipment
supporting a harmonized frequency band is provided with hardware which

supports communication in the harmonized frequency band.

This will have the following consequences when such a user equipment enters
the network supporting any of the individual smaller bands, which individual

bands, denoted Sg, are overlapping or partly overlapping with the harmonized
band Hg:

¢ The user equipment can perform cell search, identify a cell and read system
information of the cell operating in the individual band Sg. But even then
the UE will not be able to identify the carrier frequency channel number
used in the cell.

e The user equipment will not be able to identify the individual frequency
band Sg used in the cell.

e The user equipment cannot perform cell reselection or handover to a carrier
frequency belonging to any of the smaller individual bands Sp even if the
user equipment is operating in a cell using the harmonized band Hg. This is
because the UE cannot recognize the channel numbers of the individual
bands Sg.

The overall consequence is that the user equipment capable of supporting the
harmonized band Hg cannot adequately operate in a smaller individual band Sg,

which overlaps with the harmonized band Hg.

Hence, a user equipment supporting the harmonized band will not be able to
recognize the carrier frequency channel numbers and other relevant

information of the smaller legacy bands.

The problem will be even more severe for the user equipment, which is capable
of supporting a harmonized band Hp, entering in a network using smaller
individual bands Sp standardized in the future. The present disclosure

comprises a set of rules to ensure that the user equipment (UE) supporting the

- harmonized frequency band Hg can fully operate in a smaller individual band,
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which overlaps with the harmonized band. The embodiments suggest the UE,
which supports harmonized band and is able to implement the channel
numbering scheme of the harmonized band to actually implement the channel
numbering scheme of the at least one individual band, which overlaps with the
harmonized band. This enables the UE supporting the harmonized band to
recognize the individual frequency band when the UE is camped or connected
to a cell operating in the individual band or when the relevant information for

the individual band is provided to the UE.

According to an exemplary embodiment the UE supports a harmonized band Hsg
and at least one parameter related to the numbering scheme of at least one of
the individual legacy bands Sg. An individual band Sg overlaps with or is a sub-
set or sub-band of a harmonized band Hgs. It should be noted that the
embodiments require the UE to implement only the channel numbering scheme
of the individual band Sg and not to meet the radio requirements of the
individual bands Sg. Indeed the objective of the harmonization of the band is
that the UE has to implement one large harmonized band Hg to operate in one
or more individual band Sg without implementing these individual bands, i.e.

without requiring separate hardware for the individual bands.

The method in the UE capable of supporting a harmonized band comprises the

steps of:

- Acquiring at least one parameter, e.g. channel number, EARFCN in E-
UTRAN related to at least one individual band S, which overlaps with the

harmonized band Hsg,

- Determining that the acquired at least one parameter corresponds to the

individual band Sg, which overlaps with the harmonized band Hg,
- Determining the individual band Ss.

The method in the UE capable of supporting the harmonized band further

comprises the steps of:

- Communicating with the network by using the at least one parameter
related to the individual band Sg, e.g. where the at least one parameter is a
channel number of the individual frequency band Sg, when the network

operates in the individual band Sg.
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The network corresponds to any set of network nodes. Examples of the network
nodes are a core network node, e.g. Mobility Management Entity (MME) and an
eNodeB base station in E-UTRAN; a core network node, a Radio Network
Controller (RNC) and a NodeB base station in UTRAN.

As stated above, in order to determine the individual legacy band from the
acquired information, i.e. from the at least one parameter related to at least one
individual band Sg, the UE has to implement the channel numbering scheme

related to the individual band, which is specified in the standard.

The method allows the UE supporting the harmonized band Hgp to fully
recognize the individual band Ss. Hence, when operating in a network operating

in the legacy individual band Sg, the UE can transparently communicate and

- operate using the channel numbering scheme of the individual band Sg.

The UE typically reports its band capability to the network in prior art. Hence
the UE will indicate its band capability of the harmonized band Hp to the
network. However, the solution in this embodiment is transparent to the
network in a sense that the UE, which is capable of supporting the harmonized
band Hg, communicates with the network using the channel numbering scheme
corresponding to the individual band Sg. Hence, from the network perspective

the UE is perceived as operating in an individual band Ss.

According to an exemplary embodiment a rule can be pre-defined in a standard
that the UE capable of supporting a harmonized band Hg shall implement also
the channel numbering scheme of one or more individual legacy bands Sg. For
example, it can be pre-defined that the UE supporting harmonized 800 MHz
band supports the channel numbering scheme, e.g. all parameters such as
EARFCN, channel raster etc associated with or which defines a band, for bands
5, 6, 18 and 19. The UE thus only reports to the network that it supports the
harmonized band Hg. Hence, the legacy network can use the channel
numbering scheme of the individual legacy band Sg when the UE is operating in

the harmonized band Hg.
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This embodiment does not affect the legacy network, i.e. no modification to
network, using one of the individual bands Sg, which is the sub-set of the
harmonized band supported by one or more UEs currently connected to the

legacy network,

According to another exemplary embodiment the UE also explicitly signals a set
of capability information to the network, the capability information indicating
that the UE supports the harmonized band Hg, and that the UE is also able to
recognize the channel numbering schemes of one or more individual bands Sg,

which overlap with or are sub-set of the said harmonized band Hg.

For example, the UE reports to the network that it supports the harmonized
800 MHz band and also indicates that it supports or is able to recognize the
channel numbering scheme for bands 5, 6, 18 and 19 such that it can operate
in these sub-bands using their own channel numbering schemes. In this option
there could be a mixture of the harmonized band capable UEs, i.e. some
harmonized band capable UEs which supports or are able to recognize the
channel numbering scheme of one or more of the legacy individual or individual
bands Sp, and some harmonized band capable UEs which do not support or are
not able to recognize the channel numbering scheme of one or more of the

legacy individual or individual bands Ss.

The network may take one or more actions. For example, the network may not
allow the operation of those UEs, which are not capable of supporting or
recognizing the channel numbering schemes of the individual or legacy
individual bands Sp used in the network. In this case the network sends a
failure message to the UE wherein the failure message forbids UE to operate in
the network which is using the individual band Sg. The second possibility is
that the network signals the channel numbers of the operating carrier
frequency corresponding to both the harmonized band Hg and at least one
individual or legacy individual band Sg currently used. This will enable the UEs,
which support only the harmonized band, i.e. UEs which do not support legacy
individual or individual band Sg, to implement the channel numbering scheme

specified for the individual or legacy individual band Sg.
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In reality the currently used band in the legacy network is one of the individual
or legacy individual bands Ss. The second possibility requires that the network
using one of the individual or legacy individual bands Sg signals the channel
numbering scheme of the individual or legacy individual band to the UE in the

system information, i.e. over broadcast channel and over UE specific channel.

New frequency bands are standardized for the mobile services as the spectrum
becomes available and demand increases in different parts of the world. Hence
in future smaller or individual frequency bands Sg, which are sub-set of a
harmonized larger band Hg, are likely to be standardized. Every band has its
own channel numbering scheme. Hence the future bands Sg, which are subset
of a harmonized band Hg, will use a new channel numbering scheme, which will
not be recognizable by the legacy UE, i.e. UEs which are also built prior to the
introduction of the new individual band Sg. Hence a legacy UE supporting a
harmonized band Hg will not be able to recognize the individual band Sg, which
is standardized at a later stage i.e. after the UE supporting harmonized band Hg

is rolled out.

Thus, a legacy UE supporting the harmonized band Hg will not be able to
operate in the network operating in such an individual band Sg, e.g. which is

introduced after the UE supporting the harmonized band Hs is in the market.

However, the UE can still perform the cell search to identify the cell and camp
on the identified cell. But as the UE will not be able to recognize the channel
number signaled by the camped cell, the network cannot communicate with the

UE, i.e., UE cannot perform cell reselection, handover etc.

To resolve the above problem the following exemplary embodiment describes a

method in both a UE and a network node.

The method in the UE comprises the steps of:
- Performing the cell search to identify a cell,

- Acquiring system information to determine whether the identified cell
operates on a frequency band, e.g. by reading the signaled channel number of

the operating carrier frequency, which is supported by the UE,
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- Reporting frequency band Hg capability of the UE to the network even if
the UE does not support or recognize the frequency band of the identified cell,

- Receiving a set of information from the network node wherein the
information comprises at least one parameter to determine the channel
numbering scheme corresponding to the frequency band Sg, which is used by
the identified cell.

- Operating or communicating with the network using the signaled

numbering scheme of the frequency band Ss.

The corresponding method in the network node, e.g. core network or eNode B,

comprises the steps of:

- Receiving the UE’s frequency band Hg supporting capability information
from the UE. The UE sends the frequency band Hg supporting capability
information using or via the cell identified by the UE and which cell belongs to

the network,

- Configuring the UE with a channel numbering scheme corresponding to
the frequency band S currently used by the network in case the frequency
band Sg used by the network is not supported by the UE and the used
frequency band S is the sub-set of the frequency band Hgp supported by the
UE.

- Communicating with the UE using the channel numbering scheme of the

frequency band Sp signaled to the UE.

Consequently, the UE is semi-statically configured by the network with a new
frequency band Sg, i.e. associated information e.g. channel number ranges etc,
over which the UE can operate with the existing hardware capability. The UE
supported harmonized frequency band Hg is the superset of the new/future
individual frequency band Sg. Hence the UE hardware capability should be
capable of supporting the semi-statically configured future/individual frequency

band Sg from the radio and performance requirements perspective.
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In prior art solutions if the UE cannot recognize the channel number, which is
signaled from the network in the system information of the cell after identifying
the cell, the UE is not able to communicate with the cell. Instead the UE
searches other cells, which match its frequency band capability. However, in
the disclosed embodiments the UE does report its frequency band capability to
the network whenever it suspécts that the identified cell is operating on one of
the individual bands Sg, which is a sub-set of a harmonized frequency band Hs
supported by the UE.

Figure 3 is a signalling diagram illustrating a method of an exemplary
embodiment. According to the illustrated embodiment, a UE supports a first
frequency band, i.e. a harmonized frequency band Hg. In a step 30, the UE
acquires at least one parameter related to at least one second frequency band.
The at least one second frequency band is a sub-band of the first frequency
band or overlaps with the first frequency band, i.e. the at least one second
frequency band is an individual band Sg which overlaps with or is a sub-set of

the harmonized band Hg.

It should be noted that a harmonized frequency band may cover several
individual frequency bands as illustrated in Figures la-1d and Figures 2a-2b.
Further, the at least one second frequency band, i.e. the individual frequency
band Sg, to which the acquired at least one parameter corresponds is
determined in step 31. The at least one parameter may, for example, be a
channel number related to the numbering scheme of the at least one second
frequency band Sg, e.g. EARFCN in E-UTRAN, UARFCN in UTRAN etc. The at
least one parameter may also be a channel raster of the at least one second
frequency band Ss. In a further step 32, the UE implements a channel
numbering scheme related to the at least one second frequency band and starts
communicating with the network node on the at least one second frequency

band i.e. the individual frequency band Sg in step 33.

Figure 4 is a signalling diagram illustrating methods of a further exemplary
embodiment. According to the illustrated embodiment, a UE supports a first
frequency band, i.e. a harmonized frequency band Hg. The UE explicitly signals
a set of capability information to the network. The capability information

indicates that the UE supports the harmonized band Hg and that the UE is also
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able to recognize the channel numbering schemes of one or more individual

bands Sg, which overlap with or are sub-sets of the harmonized band Hsz.

Thus, in a step 40 the UE indicates to the network node that the UE is able to
recognize the channel numbering scheme related to at least one second
frequency band Sg. The at least one second frequency band is a sub-band of the
first frequency band or overlaps with the first frequency band, i.e. the at least
one second frequency band is an individual band Sg which overlaps with or is a
sub-set of the harmonized band Hg. It should be noted that also in this
embodiment a harmonized frequency band may cover several individual
frequency bands. Next, the network node determines if the at least one second
frequency band is used in the network node in step 41. Moreover, if the network
node determines that the at least one second frequency band is used, it sends
to the UE, in a step 42, at least one parameter related to the at least one second
frequency band i.e. the individual frequency band Sg. For example, the at least
one parameter may be the channel number of the operating carrier frequency
corresponding to the at least one second frequency band, i.e. the individual
band Sg currently used. The at least one parameter may, for example, be a
channel number, e.g. EARFCN in E-UTRAN, UARFCN in UTRAN etc. The at
least one parameter may also be a channel raster. In a step 43, the UE acquires
the at least one parameter related to the at least one second frequency band by
receiving it from the network node. Further, the at least one second frequency
band, i.e. the individual frequency band Sg, to which the acquired at least one
parameter corresponds is determined in the UE, in step 44. In a further step
45, the UE implements the channel numbering scheme related to the at least
one second frequency band and starts communicating with the network node

on the at least one second frequency band i.e. the individual frequency band Sg

“in step 46. In one embodiment when the first frequency band, ie. the

harmonized frequency band, is used in the network, the network node may also
send a second parameter, which is related to the first frequency band, i.e. the
harmonized frequency band Hg, to the UE. The second parameter may indicate
that the channel numbering scheme of the first frequency band should be used
when the UE communicates with the network. The parameters may be

broadcasted or provided on a UE specific channel.
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Hence, the method of the embodiment will enable the UE, which support only
the harmonized band, i.e. UEs which do not support individual band Sg, to

operate using the channel numbering scheme specified for the individual band
Ss.

Figure 5 is a signalling diagram illustrating methods of a yet further exemplary
embodiment. According to the illustrated embodiment, a UE supports a first
frequency band, i.e. a harmonized frequency band Hs. However, the UE does
not support individual bands Sp, which are standardized at a later stage i.e.
after the UE supporting harmonized band Hg is rolled out due to the fact that
the future frequency bands Sg, which are subsets of the harmonized band Hs,
will use new channel numbering schemes. It should be noted that also in this
embodiment a harmonized frequency band may cover several future individual

frequency bands.

In a first step 50, the UE performs a cell search to identify a cell to camp on.
After identifying a cell the UE acquires system information is a step 51. In a
further step 52, the UE determines based on the acquired system information if

the network node serving the identified cell operates on a first frequency band

‘which is supported by the UE, i.e. the harmonized frequency band Hs. This may

be performed by reading the signaled channel number of the operating carrier
frequency sent by the network node serving the cell. Moreover, the UE reports
to the network node the first frequency band capability in step 53 even if the
UE does not support or recognize the frequency band of the identified cell. The
network node receives the report that the UE has first frequency band
capability and thereupon sends to the UE, in a step 54, at least one parameter
related to at least one second frequency band. The at least one second
frequency band is a sub-band of the first frequency band or overlaps with the
first frequency band, ie. the at least one second frequency band is an
individual band Sg which overlaps with or is a sub-set of the harmonized band
Hs. For example, the at least one parameter may correspond to both the first
frequency band, i.e. the harmonized band Hg, and the at least one second
frequency band, i.e. the individual band Sp, currently used in the network. The
at least one parameter may, for example, be a channel number, e.g. EARFCN in
E-UTRAN, UARFCN in UTRAN ectc. The at least one parameter may also be a

channel raster. In a step 55, the UE acquires the at least one parameter related
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to the at least one second frequency band by receiving it from the network node.
Further, the at least one second frequency band, i.e. the individual frequency
band S, to which the acquired at least one parameter corresponds is
determined in the UE, in step 56. In a further step 57, the UE implements the
channel numbering scheme related to the at least one second frequency band
and starts communicating with the network node on the at least one second

frequency band i.e. the individual frequency band Sp in step 58.

Although the described embodiments may be implemented in any appropriate
type of telecommunication system supporting any suitable communication
standards and using any suitable components, particular embodiments may be
implemented in a Long Term Evolution (LTE) network, such as the one

illustrated in Figure 6.

As shown in Figure 6, the example network 600 may include one or more
instances of user equipment (UEs) 61 and one or more base stations 60 capable
of communicating with these UEs 61, along with any additional elements
suitable to support communication between UEs 61 or between a UE 61 and
another communication device, such as a landline telephone. Although the
illustrated UEs 61 may represent communication devices that include any
suitable combination of hardware and/or software, these UEs 61 may, in
particular embodiments, represent devices such as the example UE 61

illustrated in greater detail by Figure 7. Similarly, although the illustrated

base stations 60 may represent network nodes that include any suitable

combination of hardware and/or software, these base stations 60 may, in
particular embodiments, represent devices such as the example base station 60
illustrated in greater detail by Figure 8. As shown in Figure 7, the example UE
700 includes a processor 701, a memory 702, a transceiver 703, and an
antenna 704. In particular embodiments, some or all of the functionality
described above as being provided by mobile communication devices or other
forms of UE may be provided by the UE processor 701 executing instructions
stored on a computer-readable medium, such as the memory 702 shown in

Figure 7.

‘ IPR2025-00220 Exhibit 2005 Page 250 of 640




10

15

20

25

30

35

21
WO 2012/023895 ) _ PCT/SE2011/050904

Alternative embodiments of the UE 700 may include additional components
beyond those shown in Figure 7 that may be responsible for providing certain
aspects of the UE’s functionality, including any of the functionality described
above and/or any functionality necessary to support the embodiments

described above.

In an exemplary embodiment, the UE 700 is configured to communicate with
the network node 800 comprised in a cellular communication system and
configured to support a first frequency band, i.e. a harmonized frequency band
Hgp. The UE 700 comprises a processor 701 adapted to acquire at least one
parameter related to at least one second frequency band, i.e. an individual
frequency band Sg. The processor 701 is further adapted to determine the at
least one second frequency band to which the acquired at least one parameter
corresponds, wherein the at least one second frequency band, i.e. the individual
frequency band Sg is a sub-band of the first frequency band, ie. the
harmonized frequency band Hg, or overlaps with the first frequency band.
Furthermore, the processor 701 is adapted to implement a channel numbering
scheme related to the at least one second frequency band. The UE additionally
comprises a transceiver 703 adapted to communicate with the network node

800 on the at least one second frequency band.

In a further exemplary embodiment, the transceiver 703 is further adapted to
indicate to the network node 800 that the UE 700 is capable of implementing
the channel numbering scheme related to the at least one second frequency
band. In addition, it may further be adapted to receive, from the network node
800, the at least one parameter. The at least one parameter is related to the at
least one second frequency band, i.e. the individual frequency band Sg, and the
at least one parameter is further related to the first frequency band, i.e. the

harmonized frequency band Hpg.

In yet a further exemplary embodiment, the processor 701 is further adapted to
determine if the network node 800 operates on the first frequency band.
Moreover, the transceiver 703 is further adapted to report to the network node
800 that the UE 700 has first frequency band capability. The transceiver 703
may then also be adapted to receive from the network node 800 the at least one

parameter related to the at least one second frequency band.
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As shown in Figure 8, the example base station 800 includes a processor 801,
a memory 802, a transceiver 803, an antenna 804 and a network interface 80S5.
In particular embodiments, some or all of the functionality described above as
being provided by a mobile base station, a base station controller, a node B, an
enhanced node B, and/or any other type of mobile communications node may
be provided by the base station processor 801 executing instructions stored on
a computer-readable medium, such as the memory 802 shown in Figure 8.
Alternative embodiments of the base station may include additional
components responsible for providing additional functionality, including any of
the functionality identified above and/or any functionality to support the

embodiments described above.

In an exemplary embodiment, the network node 800 is configured to be used in
a cellular communication system and to communicate with the UE 700, which
is configured to support a first frequency band,. i.e. a harmonized frequency
band Hg. The network node 800 comprises a transceiver 803, which is adapted
to receive an indication from the UE 700 that the UE is able to recognize a
channel numbering scheme related to at least one second frequency band, i.e.
an individual frequency band Sg. The at least one second frequency band is a
sub-band of the first frequency band or overlaps with the first frequency band.
The network node 800 further includes a processor 801, which is adapted to
determine if the at least one second frequency band is used in the network node
800. If the at least one second frequency band is used, the transceiver 803 is
further adapted to send to the UE 700 at least one parameter related to the at
least one second frequency band. Moreover, the at least one parameter is
further related to the first frequency band, i.e. the harmonized frequency band
Hg. Moreover, the transceiver 803 is also adapted to communicate with the UE

700 on the at least one second frequency band, i.e. the individual frequency
band Sg.

In an exemplary embodiment, the transceiver 803 is adapted to receive, from
the UE 700, a report that the UE 700 has first frequency band capability.
Furthermore, it is adapted to send to the UE 700 at least one parameter related

to at least one second frequency band, i.e. the individual frequency band Ss.
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As described above, the network node 800 may be a core network node or a
base station comprised in an E-UTRAN system or a core network node, a base

station or a radio network controller comprised in a UTRAN system.

The present disclosure is not limited to the above-described preferred
embodiments. Various alternatives, modifications and equivalents may be used.
Therefore, the above embodiments should not be taken as limiting the scope of

the disclosure.
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CLAIMS

1. A method in a user equipment (700) which is arranged to communicate with
a network node (800) comprised in a cellular communication system, wherein
the user equipment is configured to support a first frequency band, the method
comprising

- acquiring (30, 43, 55) at least one parameter related to at least one
second frequency band,

- determining (31, 44, 56) the at least one second frequency band to which
the acquired at least one parameter corresponds, wherein the at least one
second frequency band is a sub-band of the first frequency band or overlaps
with the first frequency band; and

- implementing (32, 45, 57) a channel numbering scheme related to the at
least one second frequency band,

- communicating (33, 46, 58) with the network node on the at least one

second frequency band.

2. The method according to claim 1, wherein the at least one parameter related
to the at least one second frequency band is pre-determined in the user

equipment.

3. The method according to claim 1, the method further comprising

- indicating (40) to the network node that the user equipment is able to
recognize the channel numbering scheme related to the at least one second
frequency band, and wherein acquiring (43) at least one parameter related to at
least one second frequency band further comprises

- receiving the at least one parameter from the network node.

4. The method according to claim 1, the method further comprising

- determining (52) if the network node operates on the first frequency
band,

- reporting (53) to the network node that the user equipment has first
frequency band capability,

- receiving (54) from the network node the at least one parameter related

to the at least one second frequency band.
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5. The method according to any of claims 1 to 4, wherein the first frequency
band is a harmonized frequency band and the at leat one second frequency

band is an individual frequency band.

6. The method according to any of claims 1 to 5, wherein the at least one

parameter is a channel number of the at least one second frequency band.

7. The method according to any of claims 1 to 5, wherein the at least one

parameter is a channel raster of the at least one second frequency band.

8. The method according to claim 6, wherein the channel number is Absolute
Radio Frequency Channel Number, ARFCN, Universal Terrestrial Radio Access
ARFCN or Evolved Universal Terrestrial Radio Access ARFCN.,

9. The method according to any of claims 1 to 8, wherein the network node is a
core network node or a base station comprised in an Evolved Universal
Terrestrial Radio Access Network, E-UTRAN, system.

10. The method according to any of claims 1 to 8, wherein the network node is
a core network node, a base station or a radio network controller comprised in a

Universal Terrestrial Radio Access Network, UTRAN, system.

11. A method in a network node (800) comprised in a cellular communication
system, the network node arranged to communicate with a user equipment
(700), wherein the user equipment is configured to support a first frequency
band, the method comprising

- receiving (40) an indication from the user equipment that the user
equipment is able to recognize a channel numbering scheme related to at least
one second frequency band, wherein the at least one second frequency band is
a sub-band of the first frequency band or overlaps with the first frequency
band,

- determining (41) if the at least one second frequency band is used in the
network node, and if the at least one second frequency band is used, the
method further comprising

- sending (42) to the user equipment at least one parameter related to the

at least one second frequency band; and
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- communicating (46) with the user equipment on the at least one second

frequency band.

12. A method in a network node (800) comprised in a cellular communication
system, the network node arranged to communicate with a user equipment
(700), wherein the user equipment is configured to support a first frequency
band, the method comprising

- receiving (53) a report from the user equipment that the user equipment
has first freciuency band capability,

- sending (54) to the user equipment at least one parameter related to at

"least one second frequency band, wherein the at least one second frequency

band is a sub-band of the first frequency band or overlaps with the first
frequency band; and
- communicating (58) with the user equipment on the at least one second

frequency band.

13. The method according to claim 11 or 12, wherein the first frequency band is
a harmonized frequency band and the at least one second frequency band is an

individual frequency band.

14. The method according to any of claims 11 to 13, wherein the at least one

parameter is a channel number of the at least one second frequency band.

15. The method according to any of claims 11 to 13, wherein the at least one

parameter is a channel raster of the at least one second frequency band.

16. The method according to claim 14, wherein the channel number is Absolute
Radio Frequency Channel Number, ARFCN, Universal Terrestrial Radio Access
ARFCN or Evolved Universal Terrestrial Radio Access ARFCN .

17. The method according to any of claims 11 to 16, wherein the network node
is a core network node or a base station comprised in an Evolved Universal

Terrestrial Radio Access Network, E-UTRAN, system.
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18. The method according to any of claims 11 to 16, wherein the network node
is a core network node, a base station or a radio network controller comprised

in a Universal Terrestrial Radio Access Network, UTRAN, system.

19. A user equipment (700) configured to communicate with a network node
(800) comprised in a cellular communication system and configured to support
a first frequéncy band, the user equipment (700) comprising
a processor (701) adapted to
acquire at least one parameter related to at least one second
frequency band,
determine the at least one second frequency band to which
the acquired at least one parameter corresponds, wherein the at least one
second frequency band is a sub-band of the first frequency band or overlaps
with the first frequency band, ,
implement a channel numbering scheme related to the at least one second
frequency band, and
a transceiver (703) adapted to communicate with the network node (800)

on the at least one second frequency band.

20. The user equipment according to claim 19, wherein the at least one
parameter related to the at least one second frequency band is pre-determined

in the user equipment (700).

21. The user equipment according to claim 19, wherein the transceiver (703) is
further adapted to

indicate to the network node (800) that the user equipment (700) is able to
recognize the channel numbering scheme related to the at least one second
frequency band,

receive the at least one parameter from the network node (800).

22. The user equipment according to claim 19, wherein the processor (701) is
further adapted to

determine if the network node (800) operates on the first frequency band,
and the transceiver (703) is further adapted to

report to the network node (800) that the user equipment (700) has first
frequency band capability,
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receive from the network node (800) the at least one parameter related to

the at least one second frequency band.

23. The user equipment according to any of claims 19 to 22, wherein the first
frequency band is a harmonized frequency band and the at least one second

frequency band is an individual frequency band.

24. The user equipment according to any of claims 19 to 23, wherein the at

least one parameter is a channel number of the at least one second frequency
band.

25. The user equipment according to any of claims 19 to 23, wherein the at

least one parameter is a channel raster of the at least one second frequency
band.

26. The user equipment according to claim 24, wherein the channel number is
Absolute Radio Frequency Channel Number, ARFCN, Universal Terrestrial
Radio Access ARFCN or Evolved Universal Terréstrial Radio Access ARFCN .

27. The user equipment according to any of claims 19 to 26, wherein the
network node (800) is a core network node or a base station comprised in an
Evolved Universal Terrestrial Radio Access Network, E-UTRAN system.

28. The user equipment according to any of claims 19 to 26, wherein the
network node (800) is a core network node, a base station or a radio network
controller comprised in a Universal Terrestrial Radio Access Network, UTRAN,

system.

29. A network node (800) configured to be used in a cellular communication
system and to communicate with a user equipment (700), wherein the user
equipment (700) is configured to support a first frequency band, the network
node (800) comprising
a transceiver (803) adapted to
receive an indication from the user equipment (700) that the
user equipment is able to recognize a channel numbering scheme related to at

least one second frequency band, wherein the at least one second frequency
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band is a sub-band of the first frequency band or overlaps with the first
frequency band, and
a processor {(801) adapted to

determine if the at least one second frequency band is used in
the network node‘(SOO), and if the at least one second'frequency band is used
in the network node (800), the transceiver (803) is further adapted to

send to the user equipment (700) at least one parameter
related to the at least one second frequency band; and

communicate with the user equipment (700} on the at least

one second frequency band.

30. A network node (800) configured to be used in a cellular communication
system and to communicate with a user equipment (700), wherein the user
equipment is configured to support a first frequency band, the network node
(800} comprising
a transceiver (803) adapted to

receive report from the user equipment (700) that the user
equipment has first frequency band capability,

send to the user equipment (700) at least one parameter
related to at least one second frequency band, wherein the at least one second
frequency band is a sub-band of the first frequency band or overlaps with the
first frequency band; and

communicate with the user equipment (700) on the at least

one second frequency band.

31. The network node according to claim 29 or 30, wherein the first frequency
band is a harmonized frequency band and the at least one second frequency

band is an individual frequency band.

32. The network node according to any of claims 29 to 31, wherein the at least

one parameter is a channel number of the at least one second frequency band.

33. The network node according to any of claims 29 to 31, wherein the at least

one parameter is a channel raster of the at least one second frequency band.
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34. The network node according to claim 32, wherein the channel number is
Absolute Radio Frequency Channel Number, ARFCN, Universal Terrestrial
' Radio Access ARFCN or Evolved Universal Terrestrial Radio Access ARFCN .

35. The network node according to any of claims 29 to 34, wherein the network
node (800) is a core network node or a base station comprised in an Evolved

Universal Terrestrial Radio Access Network, E-UTRAN system.
36. The network node according to any of claims 29 to 34, wherein the network

node (800) is a core network node, a base station or a radio network controller

comprised in a Universal Terrestrial Radio Access Network, UTRAN, system.
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 CHAPTER

Access Procedures

The previous chapters have described the LTE uplink and downlink transmission schemes. However,
prior to transmission of data, the terminal needs to connect to the network. This chapter describes the
procedures necessary for a terminal to be able to access an LTE-based network.

14.1 ACQUISITION AND CELL SEARCH

Before an LTE terminal can communicate with an LTE network it has to do the following:

¢ Find and acquire synchronization to a cell within the network.
e Receive and decode the information, also referred to as the cell system information, needed to
communicate with and operate properly within the cell.

The first of these steps, often simply referred to as cell search, is discussed in this section. The
next section then discusses, in more detail, the means by which the network provides the cell system
information.

Once the system information has been correctly decoded, the terminal can access the cell by
means of the random-access procedure as described in Section 14.3.

14.1.1 Overview of LTE Cell Search

A terminal does not only need to carry out cell search at power-up — that is, when initially accessing

the system. Rather, to support mobility, terminals need to continuously search for, synchronize to, and

estimate the reception quality of neighboring cells. The reception quality of the neighboring cells, in

relation to the reception quality of the current cell, is then evaluated to conclude if a handover (for ter-

minals in RRC_CONNECTED) or cell reselection (for terminals in RRC_IDLE) should be carried out.
LTE cell search consists of the following basic parts:

e Acquisition of frequency and symbol synchronization to a cell.
* Acquisition of frame timing of the cell — that is, determine the start of the downlink frame.
¢ Determination of the physical-layer cell identity of the cell.

As already mentioned (e.g. in Chapter 10), there are 504 different physical-layer cell identities
defined for LTE, where each cell identity corresponds to one specific downlink reference-signal
sequence. The set of physical-layer cell identities is further divided into 168 cell-identity groups, with
three cell identities within each group.

4G LTE/LTE-Advanced for Mobile Broadband.
© 2011 Erik Dabiman, Stefan Parkvall & Johan Skéld. Published by Elsevicr Ltd. All rights reserved. 30 1
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One frame (10 ms)
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FIGURE 14.1
Time-domain position of PSS and SSS for FDD and TTD.

To assist the cell search, two special signals are transmitted on each downlink component car-
rier, the Primary Synchronization Signal (PSS) and the Secondary Synchronization Signal (SSS).
Although having the same detailed structure, the time-domain positions of the synchronization sig-
nals within the frame differ somewhat depending on whether the cell is operating in FDD or TDD:

* In the case of FDD (upper part of Figure 14.1), the PSS is transmitted within the last symbol of
the first slot of subframes 0 and 5, while the SSS is transmitted within the second last symbol
of the same slot ~ that is, just prior to the PSS.

* In the case of TDD (lower part of Figure 14.1), the PSS is transmitted within the third symbol of
subframes 1 and 6 — that is, within the DwPTS — while the SSS is transmitted in the last symbol
of subframes 0 and 5 — that is, three symbols ahead of the PSS.

There are several reasons for the difference in the positions of the synchronization signals for
FDD and TDD. For example, the difference allows for the detection of the duplex scheme used on a
carrier if this is not known in advance.

Within one cell, the two PSSs within a frame are identical. Furthermore, the PSS of a cell can take
three different values depending on the physical-layer cell identity of the cell. More specifically, the
three cell identities within a cell-identity group always correspond to different PSS. Thus, once the
terminal has detected and identified the PSS of the cell, it has found the following:

* Five-millisecond timing of the cell and thus also the position of the SSS, which has a fixed offset
relative to the PSS.

® The cell identity within the cell-identity group. However, the terminal has not yet determined the
cell-identity group itself — that is, the number of possible cell identities has been reduced from
504 to 168.

Thus, from the SSS, the position of which is known once the PSS has been detected, the terminal
should find the following:

» frame timing (two different alternatives given the found position of the PSS); and
e the cell-identity group (168 alternatives).
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Definition and structure of PSS.

Furthermore, it should be possible for a terminal to do this by the reception of one single SSS.
The reason is that, for example, in the case when the terminal is searching for cells on other carriers,
the search window may not be sufficiently large to cover more than one SSS.

To enable this, each SSS can take 168 different values corresponding to the 168 different cell-
identity groups. Furthermore, the set of values valid for the two SSSs within a frame (SSS; in sub-
frame 0 and SSS, in subframe 5) are different, implying that, from the detection of a single SSS, the
terminal can determine whether SSS; or SSS, has been detected and thus determine frame timing.

Once the terminal has acquired frame timing and the physical-layer cell identity, it has identified
the cell-specific reference signal. The behavior is slightly different depending on whether it is an ini-
tial cell search or cell search for the purpose of neighboring cell measurements:

e In the case of initial cell search — that is, the terminal state is in RRC_IDLE mode — the reference
signal will be used for channel estimation and subsequent decoding of the BCH transport channel
to obtain the most basic set of system information.

s In the case of mobility measurements — that is, the terminal is in RRC_CONNECTED mode —
the terminal will measure the received power of the reference signal. If the measurement fulfills
a configurable condition, it will trigger sending of a reference signal received power (RSRP)
measurement report to the network. Based on the measurement report, the network will conclude
whether a handover should take place. The RSRP reports can also be used for component carrier
management,’ for example whether an additional component carrier should be configured or if the
primary component carrier should be reconfigured.

14.1.2 PSS Structure

On a more detailed level, the three PSSs are three length-63 Zadoff-Chu (ZC) sequences extended
with five zeros at the edges and mapped to the center 73 subcarriers (center six resource blocks) as
illustrated in Figure 14.2. It should be noted though that the center subcarrier is actually not transmit-
ted as it coincides with the DC subcarrier. Thus, only 62 elements of the length-63 ZC sequences are
actually transmitted (element ngss is not transmitted).

'As discussed in Chapter 9, the specifications use the terms primary and secondary cells instead of primary and secondary
component carriers.
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Definition and structure of SSS.

The PSS thus occupies 72 resource elements (not including the DC carrier) in subframes 0 and 5
(FDD) and subframes 1 and 6 (TDD). These resource elements are then not available for transmission
of DL.-SCH.

14.1.3 SSS Structure

Similar to PSS, the SSS occupies the center 72 resource elements (not including the DC carrier) in
subframes 0 and 5 (for both FDD and TDD). As described above, the SSS should be designed so that:

e The two SSS (SSS; in subframe 0 and SSS, in subframe 5) take their values from sets of 168 pos-
sible values corresponding to the 168 different cell-identity groups.

» The set of values applicable for SSS, is different from the set of values applicable for SSS; to
allow for frame-timing detection from the reception of a single SSS.

The structure of the two SSS is illustrated in Figure 14.3. SSS; is based on the frequency inter-
leaving of two length-31 m-sequences X and 7, each of which can take 31 different values (actually
31 different shifts of the same m-sequence). Within a cell, SSS, is based on exactly the same two
sequences as SSS;. However, the two sequences have been swapped in the frequency domain, as out-
lined in Figure 14.3. The set of valid combinations of X and Y for SSS; has then been selected so that
a swapping of the two sequences in the frequency domain is not a valid combination for SSS,. Thus,
the above requirements are fulfilled:

e The set of valid combinations of X and Y for SSS, (as well as for SSS,) are 168, allowing for
detection of the physical-layer cell identity.
o As the sequences X and Y are swapped between SSS; and SSS,, frame timing can be found.

14.2 SYSTEM INFORMATION

By means of the basic cell-search procedure described in Section 14.1, a terminal synchronizes to a
cell, acquires the physical-layer identity of the cell, and detects the cell frame timing. Once this has
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been achieved, the terminal has to acquire the cell system information. This is information that is
repeatedly broadcast by the network and which needs to be acquired by terminals in order for them
to be able to access and, in general, operate properly within the network and within a specific cell.
The system information includes, among other things, information about the downlink and uplink
cell bandwidths, the uplink/downlink configuration in the case of TDD, detailed parameters related to
random-access transmission and uplink power control, etc.

In LTE, system information is delivered by two different mechanisms relying on two different
transport channels:

e A limited amount of system information, corresponding to the so-called Master-Information Block
(MIB), is transmitted using the BCH.

¢ The main part of the system information, corresponding to different so-called System-Information
Blocks (SIBs), is transmitted using the downlink shared channel (DL-SCH).

It should be noted that system information in both the MIB and the SIBs corresponds to the
BCCH logical channel. Thus, as also illustrated in Figure 8.7 in Chapter 8, BCCH can be mapped to
both BCH and DL-SCH depending on the exact BCCH information.

14.2.1 MIB and BCH Transmission

As mentioned above, the MIB transmitted using BCH consists of a very limited amount of system
information, mainly such information that is absolutely needed for a terminal to be able to read the
remaining system information provided using DL-SCH. More specifically, the MIB includes the fol-
lowing information:

o Information about the downlink cell bandwidth. Four bits are available within the MIB to indicate
the downlink bandwidth. Thus, up to 16 different bandwidths, measured in number of resource
blocks, can be defined for each frequency band.

e Information about the PHICH configuration of the cell. As mentioned in Section 10.4.2, the ter-
minal must know the PHICH configuration to be able to receive the 1.1/L.2 control signaling on
PDCCH which, in turn, is needed to receive DL-SCH. Thus, information about the PHICH config-
uration (three bits) is included in the MIB — that is, transmitted using BCH, which can be received
and decoded without first receiving any PDCCH.

o The System Frame Number (SFN) or, more exactly, all bits except the two least significant bits of
the SEN are included in the MIB. As described below, the terminal can indirectly acquire the two
least significant bits of the SEN from the BCH decoding.

BCH physical-layer processing, such as channel coding and resource mapping, differs quite sub-
stantially from the corresponding processing and mapping for DL.-SCH outlined in Chapter 10.

As can be seen in Figure 14.4, one BCH transport block, corresponding to the MIB, is transmitted
every 40ms. The BCH Transmissions Time Interval (TTI) thus equals 40 ms.

The BCH relies on a 16-bit CRC, in contrast to a 24-bit CRC used for all other downlink transport
channels. The reason for the shorter BCH CRC is to reduce the relative CRC overhead, having the
very small BCH transport-block size in mind.

BCH channel coding is based on the same rate-1/3 tail-biting convolutional code as is used for the
PDCCH control channel. The reason for using convolutional coding for BCH, rather than the Turbo
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One BCH transport block Next BCH transport block
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frame 4 xk + 3

FIGURE 14.4

Channel coding and subframe mapping for the BCH transport channel.

code used for all other transport channels, is the small size of the BCH transport block. With such
small blocks, tail-biting convolutional coding actually outperforms Turbo coding. The channel coding
is followed by rate matching, in practice repetition of the coded bits, and bit-level scrambling. QPSK
modulation is then applied to the coded and scrambled BCH transport block.

BCH multi-antenna transmission is limited to transmit diversity — that is, SFBC in the case of two
antenna ports and combined SFBC/FESTD in the case of four antenna ports. Actually, as mentioned in
Chapter 10, if two antenna ports are available within the cell, SFBC must be used for BCH. Similarly, if
four antenna ports are available, combined SFBC/FSTD must be used. Thus, by blindly detecting what
transmit-diversity scheme is used for BCH, a terminal can indirectly determine the number of cell-specific
antenna ports within the cell and also the transmit-diversity scheme used for the 1.1/L.2 control signaling.

As can also be seen from Figure 14.4, the coded BCH transport block is mapped to the first sub-
frame of each frame in four consecutive frames. However, as can be seen in Figure 14.5 and in contrast
to other downlink transport channels, the BCH is not mapped on a resource-block basis. Instead, the
BCH is transmitted within the first four OFDM symbols of the second slot of subframe 0 and only over
the 72 center subcarriers.? Thus, in the case of FDD, BCH follows immediately after the PSS and SSS
in subframe 0. The corresponding resource elements are then not available for DL-SCH transmission.

The reason for limiting the BCH transmission to the 72 center subcarriers, regardless of the cell
bandwidth, is that a terminal may not know the downlink cell bandwidth when receiving BCH. Thus,

2Not including the DC carrier.
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FIGURE 14.5

Detailed resource mapping for the BCH transport channel.

when first receiving BCH of a cell, the terminal can assume a cell bandwidth equal to the minimum
possible downlink bandwidth — that is, six resource blocks corresponding to 72 subcarriers. From the
decoded MIB, the terminal is then informed about the actual downlink cell bandwidth and can adjust
the receiver bandwidth accordingly.

Clearly, the total number of resource elements to which the coded BCH is mapped is very large
compared to the size of the BCH transport block, implying extensive repetition coding or, equivalently,
massive processing gain for the BCH transmission. Such large processing gain is needed as it should
be possible to receive and correctly decode the BCH also by terminals in neighboring cells, imply-
ing potentially very low receiver Signal-to-Interference-and-Noise Ratio (SINR) when decoding the
BCH. At the same time, many terminals will receive BCH in much better channel conditions. Such
terminals then do not need to receive the full set of four subframes over which a BCH transport block
is transmitted to acquire sufficient energy for correct decoding of the transport block. Instead, already
by receiving only a few or perhaps only a single subframe, the BCH transport block may be decodable.

From the initial cell search, the terminal has found only the cell frame timing. Thus, when receiv-
ing BCH, the terminal does not know to what set of four subframes a certain BCH transport block is
mapped. Instead, a terminal must try to decode the BCH at four possible timing positions. Depending
on which decoding is successful, indicated by a correct CRC check, the terminal can implicitly deter-
mine 40ms timing or, equivalently, the two least significant bits of the SFN.? This is the reason why
these bits do not need to be explicitly included in the MIB.

3BCH scrambling is defined with 40 ms periodicity, hence even if the terminal successfully decodes the BCH after observ-
ing only a single transmission instant, it can determine the 40 ms timing.
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14.2.2 System-Information Blocks

As already mentioned, the MIB on the BCH only includes a very limited part of the system infor-
mation. The main part of the system information is instead included in different System-Information
Blocks (SIBs) that are transmitted using the DL-SCH. The presence of system information on
DL-SCH in a subframe is indicated by the transmission of a corresponding PDCCH marked with a
special System-Information RNTI (SI-RNTI). Similar to the PDCCH providing the scheduling assign-
ment for “normal” DL-SCH transmission, this PDCCH also indicates the transport format and physi-
cal resource (set of resource blocks) used for the system-information transmission.

LTE defines a number of different SIBs characterized by the type of information that is included
within them:

e SIBI1 includes information mainly related to whether a terminal is allowed to camp on the cell. This
includes information about the operator/operators of the cell, if there are restrictions with regards to
what users may access the cell, etc. SIB1 also includes information about the allocation of subframes
to uplink/downlink and configuration of the special subframe in the case of TDD. Finally, SIB1
includes information about the time-domain scheduling of the remaining SIBs (SIB2 and beyond).

e SIB2 includes information that terminals need in order to be able to access the cell. This includes
information about the uplink cell bandwidth, random-access parameters, and parameters related to
uplink power control.

¢ SIB3 mainly includes information related to cell reselection.

o SIB4-SIBS include neighboring-cell-related information, including information related to neigh-
boring cells on the same carrier, neighboring cells on different carriers, and neighboring non-LTE
cells, such as WCDMA/HSPA, GSM, and CDMAZ2000 cells.

e SIB9 contains the name of the home-eNodeB.

e SIB10-SIB12 contain public warning messages, for example earthquake information.

e SIB13 contains information necessary for MBMS reception (see also Chapter 15).

Not all the SIBs need to be present. For example, SIB9 is not relevant for an operator-deployed
node and SIB13 is not necessary if MBMS is not provided in the cell.

Similar to the MIB, the SIBs are broadcasted repeatedly. How often a certain SIB needs to be
transmitted depends on how quickly terminals need to acquire the corresponding system informa-
tion when entering the cell. In general, a lower-order SIB is more time critical and is thus transmitted
more often compared to a higher-order SIB. SIB1 is transmitted every 80ms, whereas the transmis-
sion period for the higher-order SIBs is flexible and can be different for different networks.

The SIBs represent the basic system information to be transmitted. The different SIBs are then
mapped to different System-Information messages (SIs), which correspond to the actual trans-
port blocks to be transmitted on DL-SCH. SIB1 is always mapped, by itself, on to the first system-
information message SI-1,* whereas the remaining SIBs may be group-wise multiplexed on to the
same SI subject to the following constraints:

e The SIBs mapped to the same SI must obviously have the same transmission period. Thus, as an
example, two SIBs with a transmission period of 320ms can be mapped to the same SI, whereas
an SIB with a transmission period of 160 ms must be mapped to a different SL.

“Strictly speaking, as SIB1 is not multiplexed with any other SIBs, it is not even said to be mapped to an SI. Rather, SIB1
in itself directly corresponds to the transport block.
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FIGURE 14.6

Example of mapping of SIBs to Sis.

® The total number of information bits that is mapped to a single SI must not exceed what is possi-
ble to transmit within a transport block.

It should be noted that the transmission period for a given SIB might be different in different net-
works. For example, different operators may have different requirements concerning the period when
different types of neighboring-cell information needs to be transmitted. Furthermore, the amount of
information that can fit into a single transport block very much depends on the exact deployment situ-
ation, such as cell bandwidth, cell size, and so on.

Thus, in general, the SIB-to-SI mapping for SIBs beyond SIB1 is flexible and may be different
for different networks or even within a network. An example of SIB-to-SI mapping is illustrated in
Figure 14.6. In this case, SIB2 is mapped to SI-2 with a transmission period of 160ms. SIB3 and
SIB4 are multiplexed into SI-3 with a transmission period of 320ms, whereas SIBS, which also
requires a transmission period of 320 ms, is mapped to a separate SI (SI-4). Finally, SIB6, SIB7, and
SIB8 are multiplexed into SI-5 with a transmission period of 640 ms. Information about the detailed
SIB-to-SI mapping, as well as the transmission period of the different Sls, is provided in SIB1.

Regarding the more detailed transmission of the different system-information messages there is
a difference between the transmission of SI-1, corresponding to SIBI, and the transmission of the
remaining Sls.

The transmission of SI-1 has only a limited flexibility. More specifically, SI-1 is always transmit-
ted within subframe 5. However, the bandwidth or, in general, the set of resource blocks over which
SI-1 is transmitted, as well as other aspects of the transport format, may vary and is signaled on the
associated PDCCH.

For the remaining Sls, the scheduling on DL-SCH is more flexible in the sense that each SI can,
in principle, be transmitted in any subframe within zime windows with well-defined starting points
and durations. The starting point and duration of the time window of each SI are provided in SIB-1. It
should be noted that an SI does not need to be transmitted on consecutive subframes within the time
window, as is illustrated in Figure 14.7. Within the time window, the presence of system information
in a subframe is indicated by the SI-RNTI on PDCCH, which also provides the frequency-domain
scheduling as well as other parameters related to the system-information transmission.

Different SlIs have different non-overlapping time windows. Thus, a terminal knows what SI is
being received without the need for any specific identifier for each SI.

In the case of a relatively small ST and a relatively large system bandwidth, a single subframe may
be sufficient for the transmission of the SI. In other cases, multiple subframes may be needed for the
transmission of a single SI. In the latter case, instead of segmenting each SI into sufficiently smalil
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FIGURE 14.7

Transmission window for the transmission of an Sl.

blocks that are separately channel coded and transmitted in separate subframes, the complete SI is
channel coded and mapped to multiple, not necessarily consecutive, subframes.

Similar to the case of the BCH, terminals that are experiencing good channel conditions may then
be able to decode the complete SI after receiving only a subset of the subframes to which the coded
SI is mapped, while terminals in bad positions need to receive more subframes for proper decoding of
the SI. This approach has two benefits:

e Similar to BCH decoding, terminals in good positions need to receive fewer subframes, implying
the possibility for reduced terminal power consumption. '

e The use of larger code blocks in combination with Turbo coding leads to improved channel-
coding gain.

Strictly speaking the single transport block containing the SI is not transmitted over multiple sub-
frames. Rather, the subsequent SI transmissions are seen as autonomous hybrid-ARQ retransmissions
of the first ST transmission — that is, retransmissions taking place without any explicit feedback sign-
aling provided on the uplink.

For terminals capable of carrier aggregation, the system information for the primary component
carrier is obtained as described above. For secondary component carriers, the terminal does not need
to read the system-information blocks but assumes that the information obtained for the primary com-
ponent carrier also holds for the secondary component carriers. System information specific for the
secondary component carrier is provided through dedicated RRC signaling as part of the procedure to
configure an additional secondary component carrier. Using dedicated signaling instead of reading the
system information on the secondary component carrier enables faster activation of secondary com-
ponent carriers as the terminal otherwise would have to wait until the relevant system information had
been transmitted.

14.3 RANDOM ACCESS

A fundamental requirement for any cellular system is the possibility for the terminal to request a con-
nection setup, commonly referred to as random access. In LTE, random access is used for several
purposes, including:

o for initial access when establishing a radio link (moving from RRC_IDLE to RRC_
CONNECTED; see Chapter 8 for a discussion on different terminal states);
® to re-establish a radio link after radio-link failure;
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FIGURE 14.8

Overview of the random-access procedure.

for handover when uplink synchronization needs to be established to the new cell;

* to establish uplink synchronization if uplink or downlink data arrives when the terminal is in
RRC_CONNECTED and the uplink is not synchronized;

o for the purpose of positioning using positioning methods based on uplink measurements;

e as a scheduling request if no dedicated scheduling-request resources have been configured on
PUCCH (see Chapter 13 for a discussion on uplink scheduling procedures).

Acquisition of uplink timing is a main objective for all the cases above; when establishing an ini-
tial radio link (that is, when moving from RRC_IDLE to RRC_CONNECTED), the random-access
procedure also serves the purpose of assigning a unique identity, the C-RNTI, to the terminal.

A terminal may perform random access on its primary component carrier only.> Either a contention-
based or a contention-free scheme can be used.

Contention-based random access uses a four-step procedure, illustrated in Figure 14.8, with the
following steps:

1. The transmission of a random-access preamble, allowing the eNodeB to estimate the transmis-
sion timing of the terminal. Uplink synchronization is necessary as the terminal otherwise cannot
transmit any uplink data.

2. The network transmits a timing advance command to adjust the terminal transmit timing, based on
the timing estimate obtained in the first step. In addition to establishing uplink synchronization,

SThe primary component carrier is UE specific, as already discussed; hence, from an eNodeB perspective, random access
may occur on multiple component carriers.
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Preamble subsets.

the second step also assigns uplink resources to the terminal to be used in the third step in the
random-access procedure.

3. The transmission of the mobile-terminal identity to the network using the UL-SCH similar to nor-
mal scheduled data. The exact content of this signaling depends on the state of the terminal, in
particular whether it is previously known to the network or not.

4. The final step consists of transmission of a contention-resolution message from the network to the
terminal on the DL-SCH. This step also resolves any contention due to multiple terminals trying
to access the system using the same random-access resource.

Only the first step uses physical-layer processing specifically designed for random access. The
subsequent three steps utilize the same physical-layer processing as used for normal uplink and
downlink data transmission. In the following, each of these steps is described in more detail.

Contention-free random access can only be used for re-establishing uplink synchronization upon
downlink data arrival, handover, and positioning. Only the first two steps of the procedure above are
used as there is no need for contention resolution in a contention-free scheme.

14.3.1 Step 1: Random-Access Preamble Transmission

The first step in the random-access procedure is the transmission of a random-access preamble. The
main purpose of the preamble transmission is to indicate to the base station the presence of a random-
access attempt and to allow the base station to estimate the delay between the eNodeB and the termi-
nal. The delay estimate will be used in the second step to adjust the uplink timing.

The time—frequency resource on which the random-access preamble is transmitted is known as the
Physical Random-Access Channel (PRACH). The network broadcasts information to all terminals in
which time—frequency resource random-access preamble transmission is allowed (that is, the PRACH
resources, in SIB-2). As part of the first step of the random-access procedure, the terminal selects one
preamble to transmit on the PRACH.

In each cell, there are 64 preamble sequences available. Two subsets of the 64 sequences are
defined as illustrated in Figure 14.9, where the set of sequences in each subset is signaled as part of
the system information. When performing a (contention-based) random-access attempt, the terminal
selects at random one sequence in one of the subsets. As long as no other terminal is performing a
random-access attempt using the same sequence at the same time instant, no collisions will occur and
the attempt will, with a high likelihood, be detected by the eNodeB.

The subset to select the preamble sequence from is given by the amount of data the terminal
would like to (and from a power perspective can) transmit on the UL-SCH in the third random-access
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FIGURE 14.10

Principal illustration of random-access preamble transmission.

step. Hence, from the preamble the terminal used, the eNodeB, will get some guidance on the amount
of uplink resources to be granted to the terminal.

If the terminal has been requested to perform a contention-free random access, for example for
handover to a new cell, the preamble to use is explicitly indicated from the eNodeB. To avoid colli-
sions, the eNodeB should preferably select the contention-free preamble from sequences outside the
two subsets used for contention-based random access.

14.3.1.1 PRACH Time—-Frequency Resources

In the frequency domain, the PRACH resource, illustrated in Figure 14.10, has a bandwidth corre-
sponding to six resource blocks (1.08 MHz). This nicely matches the smallest uplink cell bandwidth
of six resource blocks in which LTE can operate. Hence, the same random-access preamble structure
can be used, regardless of the transmission bandwidth in the cell.

In the time domain, the length of the preamble region depends on configured preamble, as will be dis-
cussed further below. The basic random-access resource is 1 ms in duration, but it is also possible to con-
figure longer preambles. Also, note that the eNodeB uplink scheduler in principle can reserve an arbitrary
long-random-access region by simply avoiding scheduling terminals in multiple subsequent subframes.

Typically, the eNodeB avoids scheduling any uplink transmissions in the time—{requency resources
used for random access, resulting in the random-access preamble being orthogonal to user data. This
avoids interference between UL-SCH transmissions and random-access attempts from different ter-
minals. However, from a specification perspective, nothing prevents the uplink scheduler from sched-
uling transmissions in the random-access region. Hybrid-ARQ retransmissions are examples of this;
synchronous non-adaptive hybrid-ARQ retransmissions may overlap with the random-access region
and it is up to the implementation to handle this, either by moving the retransmissions in the fre-
quency domain as discussed in Chapter 12 or by handling the interference at the eNodeB receiver.

For FDD, there is at most one random-access region per subframe - that is, multiple random-
access attempts are not multiplexed in the frequency domain. From a delay perspective, it is better to
spread out the random-access opportunities in the time domain to minimize the average waiting time
before a random-access attempt can be initialized.

For TDD, multiple random-access regions can be configured in a single subframe. The rea-
son is the smaller number of uplink subframes per radio frame in TDD. To maintain the same
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Different preamble formats.

random-access capacity as in FDD, frequency-domain multiplexing is sometimes necessary. The
number of random-access regions is configurable and can vary from one per 20 ms to one per 1 ms for
FDD:; for TDD up to six attempts per 10 ms radio frame can be configured.

14.3.1.2 Preamble Structure and Sequence Selection
The preamble consists of two parts:

e Preamble sequence.
¢ Cyclic prefix.

Furthermore, the preamble transmission uses a guard period to handle the timing uncertainty. Prior to
starting the random-access procedure, the terminal has obtained downlink synchronization from the
cell-search procedure. However, as uplink synchronization has not yet been established prior to ran-
dom access, there is an uncertainty in the uplink timing® as the location of the terminal in the cell is
not known. The uplink timing uncertainty is proportional to the cell size and amounts to 6.7 us/km. To
account for the timing uncertainty and to avoid interference with subsequent subframes not used for
random access, a guard time is used as part of the preamble transmission — that is, the length of the
actual preamble is shorter than 1 ms.

Including a cyclic prefix as part of the preamble is beneficial as it allows for frequency-domain
processing at the base station (discussed further below), which can be advantageous from a com-
plexity perspective. Preferably, the length of the cyclic prefix is approximately equal to the length

The start of an uplink frame at the terminal is defined relative to the start of a downlink frame received at the terminal.

IPR2025-00220 Exhibit 2005 Page 290 of 640



14.3 Random Access 315

of the guard period. With a preamble sequence length of approximately 0.8ms, there is 0.1 ms
cyclic prefix and 0.1 ms guard time. This allows for cell sizes up to 15km and is the typical random-
access configuration, configuration 0 in Figare 14.11. To handle larger cells, where the timing uncer-
tainty is larger, preamble configurations 1--3 can be used. Some of these configurations also support a
longer preamble sequence to increase the preamble energy at the detector, which can be beneficial in
larger cells. The preamble configuration used in a cell is signaled as part of the system information.
Finally, note that guard times larger than those in Figure 14.11 can easily be created by not schedul-
ing any uplink transmissions in the subframe following the random-access resource.

The preamble formats in Figure 14.11 are applicable to both FDD and TDD. However, for TDD,
there is an additional fourth preamble configuration for random access. In this configuration, the
random-access preamble is transmitted in the UpPTS field of the special subframe instead of in a
normal subframe. Since this field is at most two OFDM symbols long, the preamble and the possible
guard time are substantially shorter than the preamble formats described above. Hence, format 4 is
applicable to very small cells only. The location of the UpPTS, next to the downlink-to-uplink switch
for TDD, also implies that the interference from distant base stations may interfere with this short
random-access format, which limits its usage to small cells and certain deployment scenarios.

14.3.1.3 PRACH Power Setting

The basis for setting the transmission power of the random-access preamble is a downlink path-loss
estimate obtained from measuring the cell-specific reference signals on the primary downlink compo-
nent carrier. From this path-loss estimate, the initial PRACH transmission power is obtained by add-
ing a configurable offset.

The LTE random-access mechanism allows power ramping where the actual PRACH transmission
power is increased for each unsuccessful random-access attempt. For the first attempt, the PRACH
transmission power is set to the initial PRACH power. In most cases, this is sufficient for the random-
access attempts to be successful. However, if the random-access attempt fails (random-access failures
are detected at the second of four random-access steps, as described in the following sections), the
PRACH transmission power for the next attempt is increased by a configurable step size to increase
the likelihood of the next attempt being successful.

Since the random-access preamble is orthogonal to the user data, the need for power ramping to
control intra-cell interference is smaller than in other systems with non-orthogonal random access and
in many cases the transmission power is set such that the first random-access attempt with a high like-
lihood is successful. This is beneficial from a delay perspective.

14.3.1.4 Preamble Sequence Generation

The preamble sequences are generated from cyclic shifts of root Zadoff-Chu sequences [74]. Zadoff—
Chu sequences are also used for creating the uplink reference signals as described in Chapter 11,
where the structure of those sequences is described. From each root Zadoff-Chu sequence, ng k),
[Nz/Ncs] cyclically shifted” sequences are obtained by cyclic shifts of Ngg each, where Ny is the
length of the root Zadoff—Chu sequence. The generation of the random-access preamble is illustrated

"The cyclic shift is in the time domain. Similar to the uplink reference signals and control signaling, this can equivalently
be described as a phase rotation.
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Random-access preamble generation.

in Figure 14.12. Although the figure illustrates generation in the time domain, frequency-domain gen-

eration can equally well be used in an implementation.

Cyclically shifted Zadoff-Chu sequences possess several attractive properties. The amplitude of
the sequences is constant, which ensures efficient power amplifier utilization and maintains the low
PAR properties of the single-carrier uplink. The sequences also have ideal cyclic auto-correlation,
which is important for obtaining an accurate timing estimation at the eNodeB. Finally, the cross-
correlation between different preambles based on cyclic shifts of the same Zadoff—Chu root sequence
is zero at the receiver as long as the cyclic shift Nqog used when generating the preambles is larger
than the maximum round-trip propagation time in the cell plus the maximum delay spread of the
channel. Therefore, due to the ideal cross-correlation property, there is no intra-cell interference from
multiple random-access attempts using preambles derived from the same Zadoff—Chu root sequence.

To handle different cell sizes, the cyclic shift Ngg is signaled as part of the system information.
Thus, in smaller cells, a small cyclic shift can be configured, resulting in a larger number of cycli-
cally shifted sequences being generated from each root sequence. For cell sizes below 1.5km, all 64
preambles can be generated from a single root sequence. In larger cells, a larger cyclic shift needs to
be configured and to generate the 64 preamble sequences, multiple root Zadoff—Chu sequences must
be used in the cell. Although the larger number of root sequences is not a problem in itself, the zero
cross-correlation property only holds between shifts of the same root sequence and from an interfer-

ence perspective it is therefore beneficial to use as few root sequences as possible.

Reception of the random-access preamble is discussed further below, but in principle it is based
on correlation of the received signal with the root Zadoff-Chu sequences. One disadvantage of
Zadoff—Chu sequences is the difficulties in separating a frequency offset from the distance-dependent
delay. A frequency offset results in an additional correlation peak in the time domain, a correlation
peak that corresponds to a spurious terminal-to-base-station distance. In addition, the true correla-
tion peak is attenuated. At low-frequency offsets, this effect is small and the detection performance
is hardly affected. However, at high Doppler frequencies, the spurious correlation peak can be larger
than the true peak. This results in erroneous detection; the correct preamble may not be detected or

the delay estimate may be incorrect.

To avoid the ambiguities from spurious correlation peaks, the set of preamble sequences gener-
ated from each root sequence can be restricted. Restrictions imply that only some of the sequences
that can be generated from a root sequence are used to define random-access preambles. Whether
restriction should be applied or not to the preamble generation is signaled as part of the system infor-
mation. The location of the spurious correlation peak relative to the “true” peak depends on the root
sequence and hence different restrictions have to be applied to different root sequences. The restric-

tions to apply are broadcast as part of the system information in the cell.
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Random-access preamble detection in the frequency domain.

14.3.1.5 Preamble Detection

The base-station processing is implementation specific, but due to the cyclic prefix included in the
preamble, low-complexity frequency-domain processing is possible. An example hereof is shown
in Figure 14.13. Samples taken in a time-domain window are collected and converted into the
frequency-domain representation using an FFT. The window length is 0.8 ms, which is equal to the
length of the Zadoff-Chu sequence without a cyclic prefix. This allows handling timing uncertainties
up to 0.1 ms and matches the guard time defined for the basic preamble configuration.

The output of the FFT, representing the received signal in the frequency domain, is multiplied
by the complex-conjugate frequency-domain representation of the root Zadoff-Chu sequence and
the result is fed through an IFFT. By observing the IFFT outputs, it is possible to detect which of
the shifts of the root Zadoff-Chu sequence has been transmitted and its delay. Basically, a peak of the
IFFT output in interval i corresponds to the ith cyclically shifted sequence and the delay is given by
the position of the peak within the interval. This frequency-domain implementation is computation-
ally efficient and allows simultaneous detection of multiple random-access attempts using different
cyclically shifted sequences generated from the same root Zadoff-Chu sequence; in the case of multi-
ple attempts there will simply be a peak in each of the corresponding intervals.

14.3.2 Step 2: Random-Access Response

In response to the detected random-access attempt, the eNodeB will, as the second step of the
random-access procedure, transmit a message on the DL-SCH, containing:

e The index of the random-access preamble sequences the network detected and for which the
response is valid.
e The timing correction calculated by the random-access preamble receiver.
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» A scheduling grant, indicating resources the terminal will use for the transmission of the message
in the third step.

e A temporary identity, the TC-RNTTI, used for further communication between the terminal and the
network.

If the network detects multiple random-access attempts (from different terminals), the individ-
val response messages of multiple terminals can be combined in a single transmission. Therefore,
the response message is scheduled on the DL-SCH and indicated on a PDCCH using an identity
reserved for random-access response, the RA-RNTI. All terminals that have transmitted a preamble
monitor the L1/L2 control channels for random-access response within a configurable time window.
The timing of the response message is not fixed in the specification in order to be able to respond to
sufficiently many simultaneous accesses. It also provides some flexibility in the base-station imple-
mentation. If the terminal does not detect a random-access response within the time window, the
attempt will be declared as failed and the procedure will repeat from the first step again, possibly with
an increased preamble transmission power.

As long as the terminals that performed random access in the same resource used different pream-
bles, no collision will occur and from the downlink signaling it is clear to which terminal(s) the infor-
mation is related. However, there is a certain probability of contention — that is, multiple terminals
using the same random-access preamble at the same time. In this case, multiple terminals will react
upon the same downlink response message and a collision occurs. Resolving these collisions is part
of the subsequent steps, as discussed below. Contention is also one of the reasons why hybrid ARQ
is not used for transmission of the random-access response. A terminal receiving a random-access
response intended for another terminal will have incorrect uplink timing. If hybrid ARQ were used,
the timing of the hybrid-ARQ acknowledgement for such a terminal would be incorrect and may dis-
turb uplink control signaling from other users.

Upon reception of the random-access response in the second step, the terminal will adjust its
uplink transmission timing and continue to the third step. If contention-free random access using a
dedicated preamble is used, then this is the last step of the random-access procedure as there is no
need to handle contention in this case. Furthermore, the terminal already has a unique identity allo-
cated in the form of a C-RNTL

14.3.3 Step 3: Terminal Identification

After the second step, the uplink of the terminal is time synchronized. However, before user data can
be transmitted to/from the terminal, a unique identity within the cell, the C-RNTI, must be assigned
to the terminal. Depending on the terminal state, there may also be a need for additional message
exchange for setting up the connection.

In the third step, the terminal transmits the necessary messages to the eNodeB using the UL-SCH
resources assigned in the random-access response in the second step. Transmitting the uplink message
in the same manner as scheduled uplink data instead of attaching it to the preamble in the first step is
beneficial for several reasons. First, the amount of information transmitted in the absence of uplink
synchronization should be minimized, as the need for a large guard time makes such transmissions
relatively costly. Secondly, the use of the “normal” uplink transmission scheme for message trans-
mission allows the grant size and modulation scheme to be adjusted to, for example, different radio
conditions. Finally, it allows for hybrid ARQ with soft combining for the uplink message. The latter is
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an important aspect, especially in coverage-limited scenarios, as it allows for the use of one or several
retransmissions to collect sufficient energy for the uplink signaling to ensure a sufficiently high prob-
ability of successful transmission. Note that RLC retransmissions are not used for the uplink RRC
signaling in step 3.

An important part of the uplink message is the inclusion of a terminal identity, as this identity is
used as part of the contention-resolution mechanism in the fourth step. If the terminal is in the RRC_
CONNECTED state — that is, connected to a known cell and therefore has a C-RNTT assigned — this
C-RNTI is used as the terminal identity in the uplink message.® Otherwise, a core-network terminal
identifier is used and the eNodeB needs to involve the core network prior to responding to the uplink
message in step 3.

UE-specific scrambling is used for transmission on UL-SCH, as described in Chapter 11.
However, as the terminal may not yet have been allocated its final identity, the scrambling cannot be
based on the C-RNTI. Instead, a temporary identity is used (TC-RNTT).

14.3.4 Step 4: Contention Resolution

The last step in the random-access procedure consists of a downlink message for contention reso-
lution. Note that, from the second step, multiple terminals performing simultaneous random-access
attempts using the same preamble sequence in the first step listen to the same response message in the
second step and therefore have the same temporary identifier. Hence, in the fourth step, each terminal
receiving the downlink message will compare the identity in the message with the identity transmitted
in the third step. Only a terminal which observes a match between the identity received in the fourth
step and the identity transmitted as part of the third step will declare the random-access procedure
successful. If the terminal has not yet been assigned a C-RNTT, the TC-RNTI from the second step is
promoted to the C-RNTI; otherwise the terminal keeps its already assigned C-RNTI.

The contention-resolution message is transmitted on the DL-SCH, using the temporary identity
from the second step for addressing the terminal on the L.1/1.2 control channel. Since uplink syn-
chronization has already been established, hybrid ARQ is applied to the downlink signaling in this
step. Terminals with a match between the identity they transmitted in the third step and the message
received in the fourth step will also transmit a hybrid-ARQ acknowledgement in the uplink.

Terminals that do not find a match between the identity received in the fourth step and the respec-
tive identity transmitted as part of the third step are considered to have failed the random-access pro-
cedure and need to restart the procedure from the first step. Obviously, no hybrid-ARQ feedback is
transmitted from these terminals. Furthermore, a terminal that has not received the downlink message
in step 4 within a certain time from the transmission of the uplink message in step 3 will declare the
random-access procedure as failed and need to restart from the first step.

14.4 PAGING

Paging is used for network-initiated connection setup when the terminal is in RRC_IDLE. In LTE, the
same mechanism as for “normal” downlink data transmission on the DL-SCH is used and the mobile
terminal monitors the L1/L.2 control signaling for downlink scheduling assignments related to paging.

$The terminal identity is included as a MAC control element on the UL-SCH.
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Table 14.1 Paging Cycles and Paging Subframes
Number of Paging Subframes per Paging Cycle

1/32 1/16 Y8 14 12 1 2 4
Paging subframesina  FDD 9 9 9 9 9 9 4,9 0,4,509
paging frame TDD 0 0 0 0 0 0 0,5 01,56

Possible paging occasions

eNodeB e i i A SOBO oo s e
UE, . ot v o
) <+ Pagingcycle — >
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o Paging cycle —m™
FIGURE 14.14

llustration of paging cycles.

Since the location of the terminal typically is not known on a cell level, the paging message is typi-
cally transmitted across multiple cells in the so-called tracking area (the tracking area is controlled by
the MME; see [9] for a discussion on tracking areas).

An efficient paging procedure should allow the terminal to sleep with no receiver processing most
of the time and to briefly wake up at predefined time intervals to monitor paging information from
the network. Therefore, a paging cycle is defined, allowing the terminal to sleep most of the time and
only briefly wake up to monitor the L1/L2 control signaling. If the terminal detects a group identity
used for paging (the P-RNTI) when it wakes up, it will process the corresponding downlink paging
message transmitted on the PCH. The paging message includes the identity of the terminal(s) being
paged, and a terminal not finding its identity will discard the received information and sleep accord-
ing to the DRX cycle. Obviously, as the uplink timing is unknown during the DRX cycles, no hybrid-
ARQ acknowledgements can be transmitted and consequently hybrid ARQ with soft combining is not
used for paging messages.

The network configures in which subframes a terminal should wake up and listen for paging.
Typically, the configuration is cell specific, although there is a possibility to complement the setting
by UE-specific configuration. In which frame a given terminal should wake up and search for the
P-RNTI on a PDCCH is determined by an equation taking as input the identity of the terminal as well
as a cell-specific and (optionally) a UE-specific paging cycle. The identity used is the so-called IMSI,
an identity coupled to the subscription, as an idle mode terminal does not have a C-RNTI allocated,
and the paging cycle for a terminal can range from once per 256 up to once per 32 frames. The sub-
frame within a frame to monitor for paging is also derived from the IMSI. Since different terminals
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have different IMSI, they will compute different paging instances. Hence, from a network perspective,
paging may be transmitted more often than once per 32 frames, although not all terminals can be
paged at all paging occasions as they are distributed across the possible paging instances as shown in
Figure 14.14.

Paging messages can only be transmitted in some subframes, ranging from one subframe per
32 frames up to a very high paging capacity with paging in four subframes in every frame. The con-
figurations are shown in Table 14.1. Note that, from a network perspective, the cost of a short paging
cycle is minimal as resources not used for paging can be used for normal data transmission and are
not wasted. However, from a terminal perspective, a short paging cycle increases the power consump-
tion as the terminal needs to wake up frequently to monitor the paging instants.

In addition to initiating connection to terminals being in RRC_IDLE, paging can also be used to
inform terminals in RRC_IDLE as well as RRC_CONNECTED about changes of system informa-
tion. A terminal being paged for this reason knows that the system information will change and there-
fore needs to acquire the update system information as described in Section 14.2.
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