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not more than three months prior to the filing of this
information disclosure statement;
OR

[J  That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart forcign application,
and. to the knowledge ol the person signing this certilication
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

Applicant submits that the enclosed Infommation Disclosure Statement is timely;
therefore, no Fee is required.

Except as provided for under 37 CFR § 1.98(a)(2). Applicant has enclosed a copy
of each listed reference.

The above referenced application relies upon Application No.
filed . for an earlier effective filing date under 35 U.S.C. IE{}
Although, pursuant to T." CFR & 1.98(d), the references submitied herein are not
required to be submitted for the Examiner to consider them., Applicant submits the
relerences herein so that the information will be printed on the patent issuing (rom
this application.

Pursuant 1o 37 CFR § 1.704(d), Applicani certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. Il any additional

due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

Respectiully submitted,

2018-10-05 By:___ /Michacl V. North/

Michael V. Norih
Reg. No. 46963

Customer No,

146571

UNITED STATES PATENT
AND TRADEM ARE Tyt
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PTCVSE/DED (07-09)
Appronved for wse through 0732078, CME 0651-0031
LS. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

T |k B A [ 1885 g r I 1 ¥4 Ll j j mber,
_ efe nown

Subwstitute for form 1448PTC
Application Number 14/356 581

INFORMATION DISCLOSURE | Filing Date 2014-05-08

STATEMENT BY APPLICANT | First Named inventor  [\yi01:000 Rhee
Art Unit

{Use a5 many sheeis as necossary) - 2448

Examiner Name Boris D, Grualva Lohos

sheet |1 | o |1 Attomey Docket Number |50145.054US J

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
Initials® No.! the lem {book, magazine, journal, serial, symposium, catalog, eilc.), date, page(s), volume-issue 1‘2
number(s}, publisher, city and/or country where published.

Office Action dated 2018-08-10, in Canadian Patent Application No.
2 855 461 (3pgs).

Examiner Date
Signature Considered

"EXAMIMER: Inilial if reference considered, whether or nol Glalion i n conformance with MPEP 808, Drew kne throwgh cilation il nod in conformance and ol
conssdered. Indide copy of this form with nesd communication 1o applicant.

1 applicant’s unigue citalion designation number (oplional), 2 Applicant is o place a check mark here il English language Translation is attached.

This collection of information is required by 37 CFR 1.98. The information & required to oblain or retain a benefit by the public which is to file (and by the USPTO
e procass) an application. Confidentiality s govemed by 35 WS C 122 and 3T CFR 1.14. This collection is estimated to take 2 hours b complete, including
gathering, prepating, snd submitling the comphted appication fem 1o the USPTO. T will vary depending upon the individusl case.  Any comments on the
amount of bme you require 10 complete thes fom andior suggestions for reducing this burden, should De sent to the Chiel Information Ofcer, LS. Patent and
Trademark Office, PO Box 1450, Alexandna, VA 223131450, DD NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO:

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

If you rmeed assistance in compleling the form, call 1-800-PTO-2199 (1-800-788-87199) and seled opfion 2,
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Electronic Acknowledgement Receipt

EFs ID: 33936779
Application Number: 14356581
International Application Number:
Confirmation Number: 4319

Title of Invention:

COMMUMICATION LINIT BY A REMOTE SERVER

METHOD, APFARATUS, AMD SYSTEM FOR OFTIMIZING PERFORMANCE OF A

First Named Inventor/Applicant Name: Wanjang Rhee
Customer Number: 146571
Filer: Michael V. Morth/Nita Miller
Filer Authorized By: Michael V. North
Attorney Docket Number: 20145-054U5
Receipt Date: 05-0CT-2018
Filing Date: 06-MAY-2014
Time Stamp: 18:50:23
Application Type: 115, National Stage under 35 USC 371

Payment information:

Submitted with Payment o
File Listing:
Document . . File Size[Bytes)/ Multi Pages
Mumber Document Description File Name Message Digest | Part/.zip| (ifappl)
32220
1 Transmittal Letter 054U5_SIDS_Trans.pdf no 3
1 | Sl P fd 1 ki AR AR TR
Warnings:
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Information:

136491

Infarmation Disclosure Statement (ID5S)
2 Form (SB0B) 054U5_SIDS_sbisbh.pdf ne 1

AR S AT DR S0 T4 T2 SOV S Dt ads |
Db

Warnings:

Information:

This is not an USFTO supplied 105 fillable form

6401650

3 Mon Patent Literature 054U5_SIDS_WPL1.pdf ne 3

n o s ) A M T Tl o 14
LR

Warnings:

Infermation:

Total Files Size {in by'tes]{ 6570361

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 te a
Post Card, as described in MPEP 503,

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 St f an Int ti | Applicati jer 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.5.C. 371 and other applicable requirements a Ferm PCT/DO/EOQ/203 indicating acceptance of the application as a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course,

New Int ti | Application Filed with the USPTO Receiving Offi

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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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s)  : Wonjong Rhee Confirmation No.: 4319

Appl. No. 1 14/356,581

Filing Date  :  2014-05-06

Title : METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unil T 2440

Examiner : Boris D, Grualvalobos

Docket No. @ 20145-054US

CERTIFICATE OF MAILING (37 CFR $1.8)
I hereby certifv, pursuant to 37 CIFR 1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed o Commissioner for Patents, PO, Box 1450, Alexandria, VA 22313-1450, on the date shown below:

Date: 2018-10-05 By: INita Miller/
Nita Miller

INFORMATION DISCLOSURE STATEMENT

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

SIR or MADAM:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement
(“IDS™).

The filing of this IDS shall not be construed as a representalion that a search has been
made. or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
ol the above relerenced application. The [iling ol this IDS shall not be construed in any manner as

an admission against interest,

This TDS is being filed:

[ 20145054 US00014TE2. DOCK v 1
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PATENT

within three months of the filing date of a national application, other than a
continued prosccution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

X OO 0O O

afier three months of the filing date or entry into the national stage or after the
mailing ol a Orst Office action on the merits. but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
E enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
] Applicant certifies pursuant to 37 CFR § 1.97(e):

[]  That each item of information contained in the information
disclosure statement was [irst cited in a communication lrom
a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of this
information disclosure statement;

OR

[] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application.
and. to the knowledge of the person signing this certification
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56{c) more than
three months prior to the filing of this information disclosure
statement.

] on or before the payment of the issue fee but after the mailing of a final action under
4 1.113, a notice of allowance under $1.311. or an action that otherwise closes
prosecution in the application;

AND

|:| enclosed herein is the fee set forth in 37 CFR § 1.17(p):
AND

[] Applicant certifies pursuant to 37 CFR § 1.97(e):

[]  That each item of information contained in the information
disclosure statement was first cited in a communication from
a foreign patent office in a counterpart foreign application

[ 20145054 US00014TE2. DOCK v 2
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not more than three months prior to the filing of this
information disclosure statement;
OR

[J  That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart forcign application,
and. to the knowledge ol the person signing this certilication
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

Applicant submits that the enclosed Infommation Disclosure Statement is timely;
therefore, no Fee is required.

Except as provided for under 37 CFR § 1.98(a)(2). Applicant has enclosed a copy
of each listed reference.

The above referenced application relies upon Application No.
filed . for an earlier effective filing date under 35 U.S.C. IE{}
Although, pursuant to T." CFR & 1.98(d), the references submitied herein are not
required to be submitted for the Examiner to consider them., Applicant submits the
relerences herein so that the information will be printed on the patent issuing (rom
this application.

Pursuant 1o 37 CFR § 1.704(d), Applicani certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. Il any additional

due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

Respectiully submitted,

2018-10-05 By:___ /Michacl V. North/

Michael V. Norih
Reg. No. 46963

Customer No,

146571

UNITED STATES PATENT
AND TRADEM ARE Tyt
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Doc code: IDS PTCISE/DEa (01-10)
Doc description: Information Disclosure Statement (IDS) Filed T T e I aieT S CAance

Unsder the Papereork Reduction Act of 1995, no persons are required (o respond io a collection of information urless it conlains a valid OMB control nurmber.

Application Number 14356581
Filing Date P014-05-06
INFORMATION DISCLOSURE (5 Narmod inventor |[orjong Rivee
STATEMENT BY APPLICANT I ——— EZ
( Not for submission under 37 CFR 1.99)
Examiner Name | Boris Grijalva Lobos
Attorney Docket Number IED145—U§4US

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
Examiner| Cite Kind MName of Patentee or Applicant ! ’
Initial* No Patent Mumber Code’ Issue Date of cited Document Rlalevant Passages or Relevant
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| Cite No Publication Kind | Publication MName of Patentee or Applicant ;:ﬁiﬁngg::{:ﬁ:zﬂ:am
Initial* Number Codel| Date of cited Document 8

Figures Appear

1 0120151540 Al P012-06-01 Kenneth Stanwood

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

FOREIGN PATENT DOCUMENTS Remove
Pages,Columns, Lines
Examiner| Cite | Foreign Document | Country Kind |Publication AN:nTiE}:tF;?tsi?;e O | where Relevant Ts
Initial® No | Number? Code?j Codes| Date P Passages or Relevant
Document b
Figures Appear
1 011079612 o 2011-07-11 | Qinghong Zhang

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

NON-PATENT LITERATURE DOCUMENTS Remove
Examiner Cila Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

EFS Web 2.1.17
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Application Number 14356581
Filing Date 2014-05-06
INFORMATION DISCLOSURE [, Nameg inventor | Warjong Rnee
STATEMENT BY APPLICANT [ ——— B
{ Not for submission under 37 CFR 1.99)
Examiner Name | Boris Grijalva Lobos
Attorney Docket Number [ 2014505413
1 Response filed 2018-03-14, in Canadian Patent Application No. 2, 855461 (3pgs).
2 FResponse filed 2018-02-09, and English translation of elaims, in Chinese Palenl Applicalion No. 201180075399 4 %
[20pgs).
3 Difice Action dated 2018-05-31, and English translation thereof, in Chinese Patent Application No. 201180075399 4 =
[22pgs).
4 Preliminary Amendmenis made 2018-04-12, in Australian Palent Application Mo. 2018200888 (32pgs). ]
5 Motice of Allowance dated 2018-03-09, in European Patent Application No. 118028265 (Tpgs). B
6 Diffice Action dated 2017-02-10, in Australian Palent Application Mo. 2016200291 (4pgs). E|
7 Response filed 2017-05-24, in Australian Patent Application No. 2016200291 (36pgs) O
a Diffice Action dated 2017-06-19, in Australian Palent Application Mo. 2016200291 (3pgs). ]
9 Prefiminary Amendment filed 2018-04-11, in Australian Patent Application No. 2018200787 (32pgs). [j
10 | Pfiice Action dated 2015-08-20, in Canadian Patent Application No. 2,858,030 (3pgs). ]
1 English translation of Office Action dated 2015-08-21, in Japanese Patent Application No. 2014545863 (Spgs). E
EFS Web 2.1.17

Charter Communications, Inc.
Exhibit 1006
Page #971



INFORMATION DISCLOSURE

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

Application Number 14356581
Filing Date 2014-05-06
First Named Inventor | Wonjong Rhee

Art Unit | 2446
Examiner Name | Boris Grijalva Lobos
Attorney Docket Number | 20145-054U8

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

EXAMINER SIGNATURE

Examiner Signature

Date Considered |

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

1 See Kind Codes of USPTO Patent Documents al www USPTO, GOV or MPEP 901 .04. 2 Enter office thal issued the document, by the twvo-detter code (WIPD
Standard ST.3). ? For Japanese patent documents, the indication of the year of the reign of the Emperor musl precede the serial number of the patent document.
* Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 # possible. ® Applican! is o place a check mark here

English language translation is attached.

EFS Web 2.1.17
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Application Number 14356581

Filing Date 2014-05-06
INFORMATION DISCLOSURE [t oo inventor | Worjong e
STATEMENT BY APPLICANT | [2sss
{ Not for submission under 37 CFR 1.99)

Examiner Name | Boris Grijalva Lobos

Attorney Docket Number IEUHE-D&!US

CERTIFICATION STATEMENT

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

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

OR

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

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

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

A certification statement is not submitted herewith.

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

Signature Michael North/ Date (YYYY-MM-DD) 2018-08-09

Name/Print Michael Morth Registration Number Imee:a

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This cecllection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general autherity for the collection of this information is 35 U.S.C. 2(b)(2); {2) furnishing of the information sclicited
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 record s.

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

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

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

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

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

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

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

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

EFS Web 2.1.17

Charter Communications, Inc.
Exhibit 1006
Page #974



w0 20117079612 A |00 00 O 0 0 O

(12) LR EF A ER LA LB ERRRN

(19) IR EnR= B R
HER

v |0 00 0 0O

a0 AELHS
WO 2011/079612 Al

(1)

21
(22)
(25)
(26)
(30)

(7L

T B

(T3

@) EEAWE

W01 FETHTH (07.07.2011)
FEERSHS.
HOW 2808 (2004.01)
b B2 PCTCH 201 00T 4365
Ehrig 0. 2010 T 6 H 30 [1 (20.06,2010)
BEY. i
LT i
{58

008 D3RR 10N 2008 5 12 f 29 [ (2902 2008y ON
EERE A ¢ (T [ A1 iy g S Dy e e
BHERET (Z1E CORPORATION) [CH/CN], i [E
I 3 PN T L R A R R R
BRI, Guangdong S 13057 (UN).

A B
B M e A (o 2y BREEE (wHANG,
Qinghong) [CHCN] 0 IE T & T IE W0 0
R oA e ol e 4 P p AT R TR | Gusngduong
519057 (CM)y.  ZEML (LL Hang) [CMONT], o0 3T 5
PR 0 e e A e e [ R g e
A IE, Guongdong 518057 (CN).

(74)

(81}

(84)

REAM: EREATREIREERETR AR
(AFD CHINA INTELLECTUAL PROPERTY LAW
OFFICE); R0 50 (£ 5 ok 5 5 B B8
1601 A, Beijing 100192 (CN).

B GEH TR, ST 0 0
{40y AE, AG, AL, AM, AD, AT, AU, AZ, BA, BB,
BG, BH, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CH,
CULCE, DE, DK, DM, DOy, D, BC, EE, EG, ES, FIL GB,
Gl GE, GH, GM, GT, HM, HE, HU, 112, 1L, 1N, 15, JP,
KE, K, KM, KM, KP, KR, K£ LA, LU, LK, LR, L%,
LT, LU, LY, MA, MD, ME, MG, ME, MY, MW, MX,
MY, MZ, NA, NG, NI NO, N2, OM, PE, PG, PH, PL,
PT, RO, RS, KU, 3C, 81, SE, 80, 3K, SL, M, 5T, 3V,
SY, TH, TJ, TM, TN, TR, TT, TZ, UA, Uli, Us, UZ, ¥,
VN, ZA, M, ZW.

Eicpid = PSR O (ol I s S L R 19t
{4 ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ,
N, SD, 5L, S2, TZ UG, ZM, W), BISE (AM, AZ,
BY, KG, KZ, MDD, RU, T, TM), Bl (AL, AT, BE,
BG, CH, CY, CE, DE, DR, EE, ES, FL, FR, GB, GR, HE,
HU,IE, 15, IT, LT, LU, LV, MC, ME, MT, KL, N0, PL,
FT, RO, 5E, 81, 8K, SM, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
Tii)e

[LELE)

(54) Title: METHOD FOR LINK ADAFTATION AND APPARATUS THEREOF
(50 BHER . - FBEIR R A

AR e R —
x
R S WRITOE e T

L3

P i 1 O P R i
T

1 Fig. |

161 0 EASSIFY RADNE CILANNELS

103 SR A SEL OF LINk ADAPTATICS MODES

TOE RELECT A CUMHESPONTHNG LINE ST TN NIOIEE ATLORIMNG
Tk THEE TYFE UF THE RADMF CILANREL

(57 Abstract: A method tor link adaptation comprises.
classilying radio channels, setting a set of link adapiation
modes, wd selecting a corresponding  link  sdapration
mode according to the type of the radio chacnel, An appa-
ratus for link sdapration comprises:; classilication module
tor classibying radio channels; setting module tor setting a
set of limk adaptation modes; and mode selection module
for selecting a corresponding lik adapiation mode from
the senting module sccording 1o the tvpe of the classified
todio choonel. By sccordingly selecting effective lnk
adaprion modes in accordance with ditferent rypes of ra-
die chonnels, reolizing the throughput muximiztion of
svatern in ditferent fading channels can be ensured, and
the stable and reliable link guality can be maintained,
[

Charter Communications, Inc.

Exhibit 1008
Page #975



WO 2011/079612 A1 0TI 0R000F VA0

EEERAT.
— AT E R R ER SRR 20 R,

(57 BE-

ke COER i, WS, APESRGIEIAT S R ERE FOE N BT LA
U 5T R PR AT A 2 2 I AT A PR R (U P A RERR (B R, . S,
NiF R EERATE T 43 2% BT, NI aEes AN LA BRSNS, 1)
TR AT £ 2 SR (A 2P0 L W ok 2 Ry i (TR, A W R
A A~ o) 28 YA ot o M1 R T R AR R, RS (R UL TE A ) Y ETR (T T R
TR TN T C A S e A T i

Charter Communications, Inc.
Exhibit 1008
Page #976



10

15

20

25

WO 2011079612 PCT/CN2010/07T4869

— B EEFERRE

AL
AL A FEAE R, LR —Frebsl fiEpeg3a R,

LE TS

EREBIZEGEY, A TREAGFHI LS E, AL ELH EMMAETH,
AT EMALAE RS FRAib, AL ALAE R bRz EE
FHELASHEEARE, PREAEFRA, WO HESNF &
FAAF BT 6945 S A 0 M) 25 AR O AR ALk L AR RIE,

KR

AT A 6N IO EERE b B AL 0 H iR AR R F M ELER
M A R A SR RIRAEOMRIE, A F RGET AL

{Ei i R FHRES LN FRLAMIT YR, PR ELERAT
i A R R 2 AT 1 A

RAEASHE £ 2 M A et ia)eg EmMALE /L, it dlidkehn 4
RIFTGE AR R T 0,

ATk, ALNERAOHEAFMAR N —FERL gt FikfrE,
EBRIEERR G REGETRINALNELTRAL, BRIFHETT M
BME.

AT A B REA, A A—F QAR T —H s AiE T i,
L6 4E:

HABEZHETHR,
EAAER RN RS A
AR AT iR T 4R AT 1 0 AL iR 45 AT T a9 4035 f 1€ AR AL

l

Charter Communications, Inc.

Exhibit 1008
Page #977



10

20

25

WO 2011079612 PCT/CN2010/074869

At AT AT K 0 P R AR AT 00 B A M AT S R 8

M RESEHEAT LG FRY, BFLRGEED £,

PIAFE, RREBFERREBGEE; XF

R B AR R B, W

MRBAEE . RREE G AR BT,

ks SRR LS Qi PIEEFAMRA. AL EHIBA. %
o R X Ao 5 AR

AR A& F S5 16 4 A AR T 094638 ) 6 R AR A 9 TR A6 it
DA RIS H R RS L, PN B RS A AR ATIE
B A1 T 0 B AP R BT ) 35 5 AR K RS R B 60 BER A 3E A
.

BB ATk F 505 16 40 £ AL AT B 094058 B HE R K Y FIRZ B, ATk
FihE Qs ARABATE RS R Fon] B 09458 36 AARK, Wk HINA
o Al 1E TR &, A PR A AR 2 8042 S FIANE € [E R dd 443t
.

AERAR—FOITRGET —FRBABEET, 245
AR, R . M R&FmtiTaE,;
R R, M H A RSB AERHENES A

FER AR, iR F A RABATE S RO A K45 £ B AGK F A
AR 0 4ERE 8 AR,

Frid A4k Z i ARB AL T E AN TN AEFHE ST E
9.

Frik s F A R B A RSB E S

Fiu{FiE, HEBIFE R R T, A

L

Charter Communications, Inc.

Exhibit 1008
Page #978



5

10

15

25

WO 2011079612 PCT/CN2010/074869

BB FH AR AN, E

ERBEE., RREFHRLEHE,

Frikdhsh iE AN RS0 PRI TRMA. BTN, %
L H AR B R Fo B AL AR,

A R A AR AR R R B Ak do T & AR Tk A AT 18 69 2L Rk gt
BL 4 E 0 18 AR

B AT RBASHEB LR FA5E, PR R ST RAFHGRAE, R
8 P A 4 AT AR AT 1 4 R AT IR B 38 () 18 A X RO P i dFa] 2 694458 A
if R AR

Ak R AL A6

el ey 4k, SRR A SR BEALGHEGH LN ERL, FHES
MAKGEMGRE, AR

Wbk E Ak, SRR A IMEATEALS B A A fesf 69445k A
i FAEA, AR A4 NG &, ARG AT AN AR R 4915
FmAE & AL A RSk

B RR AL R AR, ARAR AT 09 TR 9 EATAE AT Mg AR -
B EESE A 18 FAL AR, RBRIEARFIGRERETRNRAAGSLER
AL, HIFREETRNOERT T,

W B 4L

Fe gt AL e B B R AR AR K B 6 it —F R, M AR P e —3p
-, AR 6 B IR A LU R T REE AR, SR AT R A 6y
FHRE, AMEBYP:

B 1 AR AE N FERNAALE;
& 2 AU TS — e g i R IRAL A

3

Charter Communications, Inc.

Exhibit 1008
Page #979



10

20

25

WO 2011079612 PCT/CN2010/074869

A3 ARG EN AR EE;
B AAFRAMSAESHEARER,

RSP oG B Rk F X,
T itk &R B Ao G4, x5 A 09 2RI a8 X MUE matig .
ARE 64838 QI F F HZAART ARl | s, it
I 01, AT HATH R,
TR 102, B4 HE SN K
FIR 103, ARME ATk L1310 69 £ A iR o) L 094 rs i€ AR AL
FEH 1
Yol 2 AT, A SabA Ll TG
HER 201, A AEE TSR, AR AME SR ETRA LS.

AR, RFEHEG) P, RIFLEFH G E4FHFAEFHER 54 =
#, wBlIFFT, A FEFH. BEEEEAEEEEN;

MAREE I R K, E 5 E 065 A E EE N TS

AL A8 g AR S PPEfAFRARA. B E{Hm A e
AR, L

et AT AR A, A AT 6745 1 0 £ R 415 A R A o 2] o) B RS
ik F R A5 RAE,

B AR X A, REGHEH M FLEE, RAGENseF X
AR A B &) 6943 1 St ) T EE 8k 8k 4,

it SRS, R A EalFa ey FinoH RBieg L o1
FA AR e 2] 6 4 0h ik BA BRAR . e

(1) Fi24Z: PPef{AFMAEX T, THaley, PpHIMR £ AT0ke)
e E A

Charter Communications, Inc.

Exhibit 1008
Page #980



10

15

20

25

WO 2011079612 PCT/CN2010/074869

X

t A& A9 W R EEARITH SINR(1), AT RT3 0, MFFER R H
t0+n, St n ARG IEL T O iR S L ATE 2] 36 AT R
TR A SINR(tx), tx<t0, M: PPef/fiFiml25 & SINR estimate(t0+n)
SINR._estimate(t0+n)=SINR(tx). t & & 4945 4Hi% £12% Em(t), ¥:
Err(t)— |SINR estimate(t)-SINR(t))

THRE (T ) Thee X KRE:

#LE JHZL P(Er(t) € Error_threhold | t = t0-w+1,t0-w+2,....10) 2PI1, 0 <Pl
<1, w0, 3 F Error_threhold # %3+i% 26511, % En(t) < Error_threhold
FoF ratalEit B, TR 4EH485%, Error_threhold A/~ &iH45 8 8 KA,
BZ W it AR, P1 AT E A e R TR, Bp B AR A5t eh e b
Pl. & E#MGHEBERTNRME Pl &, AEEEZ TR T AT
B (RARTT ARG ) . BF. wiorgthotE g, walll, 128K 20
G AL, Soit el Rt ARCESN, AR dndisiAuth, PlETHAR MR T
f&,

(2) MR BAFME: HLMTRRSA T, THRGY, PPHRGR 2 £ T
B E A,

IR A9 A R b, Al RARE,

W AR TR AR AR, R ML GMEE R E R SINRUO-w' 1),
SINR(10-w’ +2),.... SINR(t0), KALIE BAL () SINR (t) . t= t0-w’
+1, 10-w" 42,10 Bl 2SR (069 E AR K, 1% fO=SINR(t), t =
10-w' +1,10-w" +2, J L fLTM 25 A& SINR estimate (t) =f (1) . E¥Fw’
FoT R RS O A RAAT R REL, Blde = B dRAR. R REL
A REAB S AX BT

(3) Bz Lehi, B, T s

T oA WA ERATHMG, WA AHRRBEE, Syt
3 0 32 EARK ) it AR AL HRIAR K

Charter Communications, Inc.

Exhibit 1008
Page #981



10

15

20

25

WO 2011079612 PCT/CN2MM0/074869

it A SCEIRIARA,  BP AR LA A S B AR

P(x) = P { SINR(t)<x | t =t= (0-w* * +1, 10-w * +2.....00) » 5% P(x)#4 alpha
S, AR AHsit LA A 4k K SINR estimate(t). PP, SINR estimate(t)
= P! (alpha) , P'(x)% P(x)49& &dk: 0<alpha<1, alpha A%k ik HA 5T
FHAE, Rk FATHHAS;

IR 202, AREFAKEHGH LA FE LG TITEFLEEENEE
A, PPiBAdAEE ) R ALTH YRR RN,

R 202 92,5

2021, A HELAFERLTEREE, LN —ROERFANT, 4o
R F XA T 0 FHF X

2022, AR £ 65 N RN F 45 R, do s R A PP A HUMABEA T =T Bl ag,
WEAEE AR, R EADLATNESN T THNG, MEEE4E
REARE; TR AHRREEE,

WER 203, ARAEAFI 202 PR AKS AR ELEY, AL aEER
AES b iaFad i g

Yo R AZil HFiE{EE, DA E AR, wR{FE HER BT,
MR B S AR TRAMAER e RATIH H R EAT, iR 2SI
e

TR 204, RF|EAKGHENY R HEGRX, S HAALTR G
£ &R e,

Mo ik 6915 1 A FE LT ed @46 13 Fokb ( Signal Interference Noise
Ratio, SINR ) . &3 % ( Block Error Rate, BLER )

i%, JEAFAMIE A LAEA SINR(). A8 %) % SINR estimate(tx);
4538 4 £ 25 ot B o945l £ FAE L4 T

F-124Fi F: SINR estimate(tx)=SINR(t)

HEFEAZE T SINR estimate(tx)=f{tx);

B

Charter Communications, Inc.

Exhibit 1008
Page #982



10

15

WO 2011079612 PCT/CN2010/074869

HeE EAZA T SINR estimate(tx)=P ' (tx).

AR 205, ARAEHFR 204 I 61E H AR L, KF 5 AEELY
SRk k&

1% 1506915 F 5k ( Signal Interference Noise Ratio, SINR ) Hist|#5 &
# SINRI, ob#493%3 3 (Block Error Rate,BLER ) &K% BLERI; #
SINR=SINR1, BELR=BLERI1 ### T $£36 57 ik 15 3] 69 K K ik & 4 H %54
7 &1 ( Modulation Code Scheme, EP MCS1) , W) A&7 54 & £ & % MCSI.

HEE 206, fE24 A E LA T AR

Gt 2

B, AEIET AR A AT E e of TR B L KT 5 M BPR
BEATR A AR, L F N e EE) 1, sk R,

Eakp 3

7, AT ARG RS e BRI AR A REES
H, TEREFARELT{EHE,

HPeR AR R BT 094 R w564 |, ik R,

EHEAZTH, PPEETATTNTIR, st atf hE Taw
HEX.

HFREMFE, R REAERA, TLTLEHEAAL: Trniae,
) Andh BEAA Y AZ I AW I i, A4S BRIAFAM] LT RN A F AL R A X S
Ared A FRAE X b & —Ab, Bk Fasie T EMELE R T,

Lk 4

E TR —KAMG, RAEHEREPRRBET —FH T iE ey
R, OFEERMAPMY R LS ALY FERN, BliEETEHE
ATAR LT EHh, 18 THHE,

AL THTRENEBRHERGELLEHFER, wB4HF, LT
RiEa £ 35 AR fod X b Aedish . o,

i

Charter Communications, Inc.

Exhibit 1008
Page #983



10

15

20

25

WO 2011079612 PCT/CN2010/074869

SRR 401 AR . AR,
L FAE 402 H h: AHEHRAEERN LS,

BEAGEAFAR 403 9L B A ARIB AT - K o) R AT X R MG BB P
AR R 6 $E R B 18 B AL,

fhitsh, F % 0ag4Es% i€ R Hik LIS I Al do it 2 ik £ 8y 1
Bl Lo

G A A SITLBEAZFESHLRETEE, Fd LaTA
S REEUR-OE X LE

Rtk B A A, RABATE KA AR Fox] B ey aL it p
A, FHERANNEETIMEL, RS Ria)sgag

AR R AR AN D T vA R bk 7 ik o 64 20 2 0 5 BT 1 i A2
RIS A TR, PTEES T oAl T AT AR P, SRk
AR . BMEIGLAF. Tibk, i 060403 50 F AT LR
— AR EAERB RS, AW, EiEEEs e AL A TR A
AR R G, AT A R St sh sk 6 X i, A9 IR FAE
{77 8% T X 69 B8 A Ao A+ 6 25 4,

VA B il T AL A6 R, R R 24 TR FEMAEN LA
i, AR A AL AR B AR, AT B AL AR LT
Ty ABBEAAR S THREAL AL SFHNELGRERLL, {2iXLm
JEL 6 PR A A AL F AL P AT 69 AR A R R R AP T

T b5 A

At RN AK A9, MR B SAT I 69 B - R AT 4T b M 69 iR A L
B4k R4 i AL AN, MBRIEA TR WERGHE TEN A5 E5rd R
AL, FRFIEET EMESETE,

Charter Communications, Inc.

Exhibit 1008
Page #984



10

20

WO 2011079612 PCT/CN2010/074869

A ® K H

1. —##aEErE, Lads

M AKAZREAT K

RAMN HEFRA LS AR

AR AT iR AT T 0 K BLIRAERT B 6 BLIE B E AR AL

2, AREBAER | Frke ik, Lo, MALEEEF)ENTRY,
FARE B £ 1518 9 0 T A M AT 9 K49

3 ARBRAIE R 2 ARGk, b, M AAE RS KNG FRS,
R R BASE A £

Fiafii, ERAGEARREFE;

NMARBAE AR R BEE; S

REEEE. REEFAAR LML,

4, WRABBAER | e F ik, B4, A gt g RE6 0
EPR A FRARA . A L AATAMBEN . it i3 X A R T X,

5. ARBALANER 4 ko Fim, HF, RBATERLGH XD L
JL a4 f 1E S AR A Y IR LAE:

BT AKBEG A LAFTEL, PIHFEITALEENEE, R
18 AL 50T LT 69 KR A FT iR 48 5% f) 18 AR X o5 b ik 4T 2] B 674453 )
AR

6. AREAAEL S e Fix, KF, REMELEF LG R L0
Fiegidst B iE AR M) TG, Ak ikt 48
AR TR BT R Foxd B 494838 A IE AKX, Fb AR AR Rl 691F

Charter Communications, Inc.
Exhibit 1008
Page #985



10

15

WO 2011079612 PCT/CN2010/074869
R L, R PR AR 2] 6 F TR G fr e it bk §

7. —FrEERR AEERE, JLads

SHENE, LR H: A ARABHEATSE;

WEAEE, MR Eoh: REHBAEEBIES, UA

BEAGR AR, R ARIBATIE 4 K 0 A 8431 A R G A
AR AT EE RS f 15 AR

8. ARBBAAI LR 7 AR, Kb, PRk XARMGTR RIS LK
{509 B ZAF M AT R R G ML AT 50 69

9. ARBAAI IR 8 AR LR E, Kb, Ard o ABHCTIRE A AR
Wk A

Fiofid . SRR BF UG NF

G &S SRR LI SCELE R

HERBFE, REFLFAPRLHE,

10, RERA|EK T LR E, b, Arddisn pE afXRe0is:
APARTATRRARA, A LATREA, St LR TARMRAA R T,

11, AAEARAERK 10 s 5, b, Ard bk 248 | A
Yo F o XARAEFT ik A 15t oy AR 4ol Fah 408 f 8 B AR K

Wit AT R EAZ A L EAE L, PR S ARG EAR, R
B ATE AT A K AT KRBT B 0E f) 18 HE R IR AP i dF i 64454 A
iE R AR,

12, AR4B4F) 2K 7 P sy A K. LT 64
TS A, Rt R b SHAWAREHGHERNFEL, FE Y
WARKAGEGER, A
11

Charter Communications, Inc.
Exhibit 1008
Page #986



WO 2011079612 PCT/CN2010/074869

gk B AN, JLIRE AR KSR Aert B 69 5
SRR, 1%k AL Bl e 5 TN & PR S Br AR B 0945 i
RS By 5838 5

11

Charter Communications, Inc.
Exhibit 1008
Page #987



WO 2011079612 PCT/CN2MM0/074869

101
S TR (AT 4y 2
1)
VL LT SR
HA T 1530 A TR 6 (1) % 1 103
35 0y i
B 1

1/4

Charter Communications, Inc.
Exhibit 1008
Page #988



WO 2011079612 PCT/CN2010/074869

201
A LTI 52, JF AR
AiEMEARE

Y /_______J/EHE
KA AT 4 G 5 v i 53
Hiv 5 EAR

l

HUR (S0, FraERs (3% Fid 7
A o PR 1 PR A

l /_k_/EEI-l

i

Ho e £ 20 T 5 R NS B30 N
s AT B 2 A £ 1 AR T L

Tk
l 205

155 B i ] DR L EEV S s
b5 2 ANV A o

l ),‘/EUE

‘ B2 11 58 ‘

A 2

24

Charter Communications, Inc.
Exhibit 1008
Page #989



WO 2011079612

thggdE (i

R P& Rl

3

34

PCT/CN2010/074869

Charter Communications, Inc.
Exhibit 1006

Page #990



WO 2011079612 PCT/CN2010/074869

401

5 AR -
L)
402
T —
4003

B T PRA B —

B 4

/4

Charter Communications, Inc.

Exhibit 1008
Page #991



INTERNATIONAL SEARCH REPORT

Intermaionad application Mo,

PCT/CN2010/074864

A

CLASSIFICATION OF SUBJECT MATTER

HEEW ZEAIS ¢ 200900 b i
Aceording o Intermational Patent Classification (IPC) of 1o both national classification and 1IPC

H

FIELIYS SEARUHEL

Minimum docunxeniation scarched (classilcation svatem followed by classification svimbols)

[1°C: HOAW HO4L HOA) HOMB

Daocumentation searched other than minimum decumentation to the extent that such documents e included in the fields searched

Electromic data base consulied during the international search {name of data hase and, where practicahle, search terms usel)
CNPAT; CNEKIL WL EPODOC; link?, channel?, adaptation, adaptive, classif+, type?, mode?, panern?, rate, thronghpun,|
Fading, prodict+

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Calegory™ Citation of document, with indication, where appropriate, of the relevant passages Relevant o glaim Mo,
X CHIS29112A (MATSUSIITA ELECTRIC IND OO LTI 06 Sep, 2006 06,09, 20063 1370
4-6,010-12

Y Mescniption, page 2, lines 1-7, page 3, lines 1419, ligures 3, 6

¥ M 3994364 (INTEL CORP) 26 Feb, 2003 (236.02,.2003) 4-6,10-12

A MRG0 A (FHONGXING COMMUNICATION CO LTD SHENZHEMN) 1-12
L3 Mow, 2006015, 1120060 full ext

A 115200903 10550A 1 BECEEM COMMUNICATIONS TNCIHLT Diec. 2000017, 12.20068 1-12
rull lext

Mescripion, page 4, liee 3 w page 6, Ene 22, page 100 line 19 10 page 11, line 31, figures 2-5

O Further documents ase listed in the comirmation of Box ©,

B See patent family annes,

+*

p

=¥

Spevial cutegones of cited ducuments:
document defining the general state of the art which is not
vonsikbered o be of partivular relevanee
earlier application or patent kot published on or after the
irternational filing dase
document which may theow doubts on priorty claim (5) or
which is eited 1o estahlish the publication date of anetber
citation or olher special reason (as specilied)
document referang 1o an ol disclosure, nse, exhibition or
other menns
document published prios wo ihe inlermational Gling date
hut lnter than the pricnty date climed

“T*  later decument published after the international filing date

or priority date and not in conflict with the application bt
ciled to understund the principle or theory underlying the
invention

"X document of particular relevance; the claimed invention
canmon be consudered novel or cannod be considensd 1o imvolve
an invertive step when the document is taken alope

T document of particular relevanee; the claimed invention
cannot be considerad 1o involve an inventive step when the
document is combined with cne or more other such
documents, such combination being obvious 1o a person
skilled in the art

=& "document member of the sarre patent Family

Thate of the actual completion of the international scarch

Lrate of manling of the international search repor

25 Sep, 2010 (25.00.2010) 28 Oct. 2010 (28.10.2010)
Marke andd mailing address of the 1SACN o
Ihe State Intellectual Property Office. the PR .China Autharized officer
i Xitscheng Bal.. Jimen Bridge, Haidian District, Beijing, China Mﬂﬂg. Tlill'lgl:

ILVEE
Fasimile Mo, 86- 10-62019451

Telephone Mo (86-10i024 11653

Form

PCTVISA 210 fsocond sheet) (July 2004

Charter Communications, Inc.

Exhibit 1008
Page #992



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application Mo,

PCT/CN2010/074849

Patent Documents referred

in the Repon Publication Date Patent Family Publication Date

CHIS201134 OG5, 2005 nane

CN13904304 26,02.2003 LIS2003017835A1 2501.2003

WIOREAOUA493A 01,2003

KR20030009140A 29.01.2003

JP2003 1430654 16.05.2003

EP1410528A1 21042004

ALT2O0235508T A1 03.03.2003

TWST4T03A 01022004

CNTT816340 22.12.2004

EP1410528B1 19.04.2000

DEARINTTTE 24.05.2005

JPATHII23H2 2B, 200

SG125901A1 301002006

UST174174R2 06.02.2007

DEGO2I077T12 19,04, 2007

KRIOD654282K1 05.12.2005
CN18629954 151120685 none
LIS 20093 TUS50A] 17.12. 2000 none

Form PCIVISA 210 dpatent family annex) {July 2008)

Charter Communications, Inc.
Exhibit 1008
Page #993



FETE

EREREE PCT/CN2010/074869

A, FEA G

HO4W 2808 (2000.01) i

H R IR L ] S ) 4 [ e AR 51 R S 2 I P 2

8. #& % Hitd

B B R T RS S AR AR B 4 R BRI AR 2
IPC: HOAW HOML HO4J HOME

S A o () A LI R L b b o

i Bl B i B0 T SRR OREREN B f . AN MERTE cm{eh) )
ONPAT; CNKE; WPI; EPODOC; Bb#F, {73, POl 402, 80, B, M, Aok, &6, 0, N,
link?, channe!?, adaptation, adaptive, classife, type?. made?, pattern?, mte. throughput, fading, predicis

"L AR AR R R M e ) . A E R
o] FESC P 1 oy | B 0120 4 6 A iy et s i S 1 s e il St TR S S R R
M CnR SR 8 £ LRG0 I AR A 0 o B g 86 T

B A R o DT I s e e s

P EHERTHESIFERIETRERESIDER BTN & ERFE

C. 43
- L SIAEE, BEM, HUEKEE % A R
X CNIR29113A (R Feif b BUa 40 069 7 2006 (060020060 1-3,749
Y BB 2 W 1747, B3N 14197, @3, b6 4-6,10-12
¥ CNI300436A ( BERFRS 00 26,2 7 2003 (26,02.2003) 46,1012
HEBHA TR I ER S 2297, HFWERUTER T
W31, 28
A CNISO20905A (R 28 VR AT RS0 15,11 H 2006 (15002006 1-12
3
A US20090310550A1 { BECEEM COMMUNICATIONS INCY 1712 5 2000| 112
CLF12.2008 0 40
O sapt s € P oo, B s
L1 R o SR SRR “T TEENE TR A S S, B, BT
AT ST IR R S R B FR R AT S
“E" THER A A G T AR A s RIHESETOM. MR BT, TR

LR B il SR ulk i

L e A AT Rl

(3 Bk B S R O H R FE i AL
25.0 H 2010 €25.09.2000) 28.10 ] 2010 (28.10.2010)

TSA/CN () 3 Bo kg #F Ladl XA
e R I 0 b ) S e L)

v Rl st ey e O [ ) ST LB 6 N 1DORR
(R (BA-10M2019451 G E T (86-10) 62411653

e

PUTASAZIC F00 2 T (2000 57 Fy

Charter Communications, Inc.
Exhibit 1008
Page #994



BRERASE

[ElEz i s

AR PCT/CN2Z01/074869
iRl ST I BE32Y S AT
TR

CWIEMI3A 06,09, 2006 i

O 139304 20n(12.2003 LIS2301TEISAL 23002003

WOO09403A] 50002003

KR20030009 1 40A 20.00. 2003

JPHMI3 1430054 16,05 2003

EPI410528A1 2104, 2004

ALIZO02355087AL 03.03.2003

TWST4703A 01.02.2004

CHNIEIG3C 2212 2004

Fri410528RK1 19.04 2005

DEGOZI077TE 2405 2006

JP3TOUG 3R 2806, 2000

SG125901A1 30010 2006

ISTIT41TRR2 52,2007

DEGIZITTTT2 19,04, 2007

KR I00651 2821 1 05122000
CHMIERXNSA 15 11,2006 "
LIS 200903 1055041 17.12.20080 L

PCTASAZI0 0[S 8 £ Iy 2000 4E 7 H)

Charter Communications, Inc.

Exhibit 1008
Page #995



Electronic Patent Application Fee Transmittal

Application Number: 14356581

Filing Date: 06-May-2014

Title of Invention:

METHOLD, AFFARATUS, AND 5YSTEM FOR OPTIMIZING PERFORMAMNCE OF A
COMMUMICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name: Wonjong Rhee
Filer: Michael V. Narthd/Nita Miller
Attorney Docket Number: 201 45-054U%

Filed as Large Entity

Filing Fees for U.5. National Stage under 35 USC371

Description Fee Code Quantity Amount SHET;::; "
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-lssuance:

Extension-of-Time:

Charter Communications, Inc.

Exhibit 1008
Page #996



Description Fee Code Quantity Amount 5“:;;:;; in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSLUIRE STMT 1806 1 240 240
Total in USD ($) 240
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Electronic Acknowledgement Receipt

EFs ID: 33428792
Application Number: 14356581
International Application Number:
Confirmation Number: 4319

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMAMNCE OF A
COMMUMICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Customer Number: 146571
Filer: Michael V. Morth/Nita Miller
Filer Authorized By: Michael V. North
Attorney Docket Number: 20145-054U5
Receipt Date: 09-AUG-2018
Filing Date: 06-MAY-2014
Time Stamp: 19:02:24
Application Type: 115, National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $240

RAM confirmation Mumber OB1018INTEFSW 19032300
Deposit Account 502776
Authorized User Mita Miller

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

37 CFR 1,17 (Patent application and reexamination processing fees)

37 CFR 1.19 (Document supply fees)
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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
Number Documant Description Fite Nama Message Digest | Part/.zip| (ifappl)
25079
1 Transmittal Letter 054U%_SIDS_Trans.pdf no 3
I0S 108t I o5 Ma 7 o PO Tesal
L]
Warnings:
Information:
G12675
Infarmation Disclosure Statement (IDS)
2 054L5_SIDS_SBOS. pdf ng 5
l-an.n [SHM] SRR S 1AT N e T e 1o 1
il
Warnings:
Information:
1742356
3 Foreign Reference 054L5_SIDS_FR1.pdf no 3
4 1 P00 55 Mea01 1 Sebadord 1)
Bajda
Warnings:
Information:
362371
4 Mon Patent Literature 054U5_SIDS_MPL1.pdf no 3
$5.238aa TR I7 IR0 00 Jd Jed d200E T o
biale)
Warnings:
Information:
411489
5 Mon Patent Literature 054U5_SIDS_MNPL2.pdf no 20
PENELFLTRER AR RS LR L R R TR
LOEF
Warnings:
Information:
1717354
& Non Patent Literature 054U5 SIDS NPL3.pdf no 22
A0 I3 2 & B SOl Dol TP 5|
LB
Warnings:
Information:
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474203
7 Non Patent Literature 054U5_SIDS_NPLA.pdf no 32
Brforald Mo BOMEEC SR 70 1 14080 &5
a8
Warnings:
Information:
GE4489
g Mon Patent Literature 054U5_SIDS_MNPL5. pof no 7
Dlmml'\;;;:;\fl“.“\ﬁ1m an
Warnings:
Information:
162907
] Mon Patent Literature 054U5_SIDS_MWPL6.pdf no q
Bl B ST Aoy TR Tt 14 B 5 Mo a1 1
Warnings:
Information:
437232
10 Non Patent Literature 054U5_SIDS_MNPL? pdf no 6
A7Eon S Vol T 195 0T 6 S 514 0 e 2 Y
Warnings:
Information:
150965
1 Non Patent Literature 054U5_SIDS_NPLB.pdf no 3
9t el e 0 A 1 Pt 1 Tt Y
S
Warnings:
Information:
07457
12 Mon Patent Literature 054U5_5ID5_ MNPLI.pdf no 32
LT RS T R TSI HE 5 (M S 4 2
Warnings:
Information:
150468
13 Mon Patent Literature 054U5_5I05_NPL10pdf no 3
P50 1 Saaechs | BEGRE ) 18 TR Tl Mo |
i bFe)
Warnings:
Information:
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TEATS

14 Non Patent Literature 05405 _SIDS_NPL11 . pdf no 5

BT KD B0 fR 1 T2d 01 25 0e ol 0 100y
L

Warnings:
Information:
30624
15 Foa Warksheat (SB0G) fee-info.pdf no 2
e s b A RO LA T ) et 1 0
144

Warnings:

Information:

Total Files Size (in hytes}{ 7640154

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.5.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.5.C. 371 and other applicable requirements a Form PCT/DO/EQ/203 indicating acceptance of the application asa
national stage submission under 35 L.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New | rnational licati iled with t PT il

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.

Charter Communications, Inc.
Exhibit 1006
Page #1001



PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s)  : Wonjong Rhee Confirmation No.: 4319

Appl. No. 1 14/356,581

Filing Date  :  2014-05-06

Title : METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unil T 2440

Examiner : Boris D, Grualvalobos

Docket No. @ 20145-054US

CERTIFICATE OF MAILING (37 CFR $1.8)
I hereby certifv, pursuant to 37 CIFR 1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed o Commissioner for Patents, PO, Box 1450, Alexandria, VA 22313-1450, on the date shown below:

Date: 201 8-08-09 By: INita Miller/
Nita Miller

INFORMATION DISCLOSURE STATEMENT

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

SIR or MADAM:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement
(“IDS™).

The filing of this IDS shall not be construed as a representalion that a search has been
made. or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
ol the above relerenced application. The [iling ol this IDS shall not be construed in any manner as

an admission against interest,

This TDS is being filed:

[ 20145054 US0001 4663 DOCK v | 1
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PATENT

within three months of the filing date of a national application, other than a
continued prosccution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

X OO 0O O

afier three months of the filing date or entry into the national stage or after the
mailing ol a Orst Office action on the merits. but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
E enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
] Applicant certifies pursuant to 37 CFR § 1.97(e):

[]  That each item of information contained in the information
disclosure statement was [irst cited in a communication lrom
a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of this
information disclosure statement;

OR

[] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application.
and. to the knowledge of the person signing this certification
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56{c) more than
three months prior to the filing of this information disclosure
statement.

] on or before the payment of the issue fee but after the mailing of a final action under
4 1.113, a notice of allowance under $1.311. or an action that otherwise closes
prosecution in the application;

AND

|:| enclosed herein is the fee set forth in 37 CFR § 1.17(p):
AND

[] Applicant certifies pursuant to 37 CFR § 1.97(e):

[]  That each item of information contained in the information
disclosure statement was first cited in a communication from
a foreign patent office in a counterpart foreign application

[ 20145054 US0001 4663 DOCK v | 2
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PATENT

not more than three months prior to the filing of this
information disclosure statement;
OR

[J  That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart forcign application,
and. to the knowledge ol the person signing this certilication
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

Applicant submits that the enclosed Infommation Disclosure Statement is timely;
therefore, no Fee is required.

Except as provided for under 37 CFR § 1.98(a)(2). Applicant has enclosed a copy
of each listed reference.

The above referenced application relies upon Application No.
filed . for an earlier effective filing date under 35 U.S.C. IE{}
Although, pursuant to T." CFR & 1.98(d), the references submitied herein are not
required to be submitted for the Examiner to consider them., Applicant submits the
relerences herein so that the information will be printed on the patent issuing (rom
this application.

Pursuant 1o 37 CFR § 1.704(d), Applicani certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. Il any additional

due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

Respectiully submitted,

2018-08-09 By:___ /Michacl V. North/

Michael V. Norih
Reg. No. 46963

Customer No,

146571

UNITED STATES PATENT
AND TRADEM ARE Tyt

[ 20145054 US0001 4663 DOCK v | 3
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PTCVSE/DED (07-09)
Appronved for wse through 0732078, CME 0651-0031
LS. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

T |k B A [ 1885 g r I 1 ¥4 Ll j j mber,
_ efe nown

Subwstitute for form 1448PTC
Application Number 14/356 581

INFORMATION DISCLOSURE | Filing Date 2014-05-08

STATEMENT BY APPLICANT | First Named inventor  [\yi01:000 Rhee
Art Unit

{Use a5 many sheeis as necossary) - 2448

Examiner Name Boris D. Grualvalobos

sheet |1 | o |1 Attomey Docket Number |50145.054US J

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
Initials® No.! the lem {book, magazine, journal, serial, symposium, catalog, eilc.), date, page(s), volume-issue 1‘2
number(s}, publisher, city and/or country where published.

Examination Report dated 2018-04-08, in Australian Patent Application
No. 2017202588 {5pgs).

Examiner Date
Signature Considered

"EXAMIMER: Inilial if reference considered, whether or nol Glalion i n conformance with MPEP 808, Drew kne throwgh cilation il nod in conformance and ol
conssdered. Indide copy of this form with nesd communication 1o applicant.

1 applicant’s unigue citalion designation number (oplional), 2 Applicant is o place a check mark here il English language Translation is attached.

This collection of information is required by 37 CFR 1.98. The information & required to oblain or retain a benefit by the public which is to file (and by the USPTO
e procass) an application. Confidentiality s govemed by 35 WS C 122 and 3T CFR 1.14. This collection is estimated to take 2 hours b complete, including
gathering, prepating, snd submitling the comphted appication fem 1o the USPTO. T will vary depending upon the individusl case.  Any comments on the
amount of bme you require 10 complete thes fom andior suggestions for reducing this burden, should De sent to the Chiel Information Ofcer, LS. Patent and
Trademark Office, PO Box 1450, Alexandna, VA 223131450, DD NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS, SEND TO:

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

If you rmeed assistance in compleling the form, call 1-800-PTO-2199 (1-800-788-87199) and seled opfion 2,
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Electronic Acknowledgement Receipt

EFs ID: 32929576
Application Number: 14356581
International Application Number:
Confirmation Number: 4319

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMAMNCE OF A
COMMUMICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Customer Number: 146571
Filer: Michael V. Morth/Nita Miller
Filer Authorized By: Michael V. North
Attorney Docket Number: 20145-054U5
Receipt Date: 18-JUN-2018
Filing Date: 06-MAY-2014
Time Stamp: 18:29:25
Application Type: 115, National Stage under 35 USC 371

Payment information:

Submitted with Payment o
File Listing:
Document . . File Size[Bytes)/ Multi Pages
Mumber Document Description File Name Message Digest | Part/.zip| (ifappl)
25087
1 Transmittal Letter 054U5_SIDS_Trans.pdf no 3
o AT A R o P e ) R
Warnings:
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Information:

136700

Infarmation Disclosure Statement (ID5S)
2 Form (SB0B) 054U5_SIDS_SEO8b.pdf ne 1

01 5T W 3Tl 2 1 e 3 1000t 14
53nE

Warnings:

Information:

This is not an USFTO supplied 105 fillable form

172145
3 Mon Patent Literature 054U5_SIDS_WPL1.pdf ne 5
BT BN | e b DR ) T80 POl
e
Warnings:
Information:
Total Files Size {in by'tes]{ 337932

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 te a
Post Card, as described in MPEP 503,

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 St f an Int ti | Applicati jer 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.5.C. 371 and other applicable requirements a Ferm PCT/DO/EOQ/203 indicating acceptance of the application as a
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course,

New Int ti | Application Filed with the USPTO Receiving Offi

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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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s)  : Wonjong Rhee Confirmation No.: 4319

Appl. No. 1 14/356,581

Filing Date  :  2014-05-06

Title : METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unil T 2440

Examiner : Boris D, Grualvalobos

Docket No. @ 20145-054US

CERTIFICATE OF MAILING (37 CFR $1.8)
I hereby certifv, pursuant to 37 CIFR 1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed o Commissioner for Patents, PO, Box 1450, Alexandria, VA 22313-1450, on the date shown below:

Date: 2018-06-18 By: INita Miller/
Nita Miller

INFORMATION DISCLOSURE STATEMENT

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

SIR or MADAM:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement
(“IDS™).

The filing of this IDS shall not be construed as a representalion that a search has been
made. or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
ol the above relerenced application. The [iling ol this IDS shall not be construed in any manner as

an admission against interest,

This TDS is being filed:

[ 20145054 US0001 4535 DOCK v | 1
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PATENT

within three months of the filing date of a national application, other than a
continued prosccution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

X OO 0O O

afier three months of the filing date or entry into the national stage or after the
mailing ol a Orst Office action on the merits. but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
[:l enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
= Applicant certifies pursuant to 37 CFR § 1.97(e):

[ That each item of information contained in the information
disclosure statement was [irst cited in a communication lrom
a foreign patent office in a counterpart foreign application
not more than three months prior to the filing of this
information disclosure statement;

OR

[] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application.
and. to the knowledge of the person signing this certification
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56{c) more than
three months prior to the filing of this information disclosure
statement.

] on or before the payment of the issue fee but after the mailing of a final action under
4 1.113, a notice of allowance under $1.311. or an action that otherwise closes
prosecution in the application;

AND

|:| enclosed herein is the fee set forth in 37 CFR § 1.17(p):
AND

[] Applicant certifies pursuant to 37 CFR § 1.97(e):

[]  That each item of information contained in the information
disclosure statement was first cited in a communication from
a foreign patent office in a counterpart foreign application

[ 20145054 US0001 4535 DOCK v | 2
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PATENT

not more than three months prior to the filing of this
information disclosure statement;
OR

[J  That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart forcign application,
and. to the knowledge ol the person signing this certilication
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

Applicant submits that the enclosed Infommation Disclosure Statement is timely;
therefore, no Fee is required.

Except as provided for under 37 CFR § 1.98(a)(2). Applicant has enclosed a copy
of each listed reference.

The above referenced application relies upon Application No.
filed . for an earlier effective filing date under 35 U.S.C. IE{}
Although, pursuant to T." CFR & 1.98(d), the references submitied herein are not
required to be submitted for the Examiner to consider them., Applicant submits the
relerences herein so that the information will be printed on the patent issuing (rom
this application.

Pursuant 1o 37 CFR § 1.704(d), Applicani certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. Il any additional

due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

Respectiully submitted,

2018-06-18 By:___ /Michacl V. North/

Michael V. Norih
Reg. No. 46963

Customer No,

146571

UNITED STATES PATENT
AND TRADEM ARE Tyt

[ 20145054 US0001 4535 DOCK v | 3
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No.  :  14/356,581 Confirmation No.; 4319

Inventor(s) : Wonjong Rhee

Filing Date  :  2014-05-06

Title : METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unit 1 2446

Examiner : Boris D. Grualvalobos

Docket No. @ 20145-054US

CERTIFICATE OF MAILING (37 CFR §1.8)

I hereby certify, pursuant to 37 CFR §1.8, that this correspondence is being electronically
transmitted to the United States Patent and Trademark Office via EF5-Web addressed to: Mail
Stop Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria. VA 22313-1450, on

the daie shown below:

Dated: 2018-03-09 By: Mita Miller/
Nita Miller

RESPONSE TO NON-FINAL OFFICE ACTION

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

Alexandria, VA 22313-1450

Examiner Grualvalobos:
This  Amendment is in  response 1o the Non-Final Office  Action dated
December 29, 2017, and having a shortened statutory response period expiring March 29, 2018.

Accordingly, this paper is timely filed. Further examination and reconsideration are respectfully

requested in view ol the Amendments and Remarks set Torth below.

Amendments to the Claims are reflected in the Listing of Claims which begins on page

2 of this paper,

Remarks/Arguments begin on page 10 of this paper,

[ 20145054 US00014 297 DOCK v | 1
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Appl. No. t 14356581

Drocket No, o 2004505405
Office Actiondate  : December 29, 2017
Response date : March 9, 2018

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the

application:
Listing of the Claims:
1. (Currently amended) A method for eptissiziag improving performance of one or more
communication unils by-arermete-server, the method comprising:
receiving from a network monitoring device, in real-time esleetinetbytheremeteserver,

data associated with an operation ol Fem-the one or more communicalion units,

the data comprising a parameter:

processing al least one ol the dala and historical data;

based on the processed data, determining generatingby—the—remate—server; a policy for
cach of the one or more communication unils—based—en—the—eoHected—dats;

communicating sending—by—the—rempte—server; the policy_Llo_al least—via—a—network
eoupled—to—theremete—server—te—each—eithe one or more communication unils
that, in response lo—wherein-the-ane-ormore-communieationnis implementing

[

[ 20145054 US00014 297 DOCK v |

Charter Communications, Inc.

Exhibit 1008
Page #1012



Appl. No. t 14356581

Drocket No, o 2004505405
Office Actiondate  : December 29, 2017
Response date : March 9, 2018

the policy seeerdine—to—tirme—varving—dats improve a performance of the one or

more communication units.

2. i Cancelled)

3 (Currently amended) The method of claim 1, whercin the—ene—pimore-coftiHeation

based-ep-the-condittens monitoring comprises determining a received signal strenoih indication.

4, (Currently amended) The method of claim 1. whereinthe—tmevarvnedatacomprises

paits further comprising, based on a change in the operation, updating the policy.

5. {Currently amended) The method of claim 1. wherein-the-ene—ar—more—conmurication

mere-commuResteruts—determining the policy comprises selecting the policy from a set of

policies.

6. (Cancelled)

7. {Currently amended) The method of claim 1. wherein eeleetina—data—trom—the—one—or
mere—eomRuiesdon—uais—is—perdermed—pesediealhy—al least one of the one or more

communication units are located in a different geographical area,

8. (Currently amended) The method of claim 1, wherein the one or more communication
units eemprses comprise at least one of:
an access point (AP);

a base station;

[ 20145054 US00014 297 DOCK v | 3
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Appl. No. t 14356581

Drocket No, o 2004505405
Office Actiondate  : December 29, 2017
Response date : March 9, 2018

a wireless LAN device;

a DSLAM;

a gateway;

a performance enhancement device;

a Digital Subscriber Line (DSL) Customer Premises Equipment (CPE) modem;
an in-home powerline device:

a Home Phoneline Network Alliance (HPNA) based device;

an in-home coax distribution device;

a G.hn (Global Home Networking Standard) compatible device;
an in-home metering communication device;

an in-home appliance communicatively interfaced with the LAN;
a wireless femtocell base station;

a wireless WiFi compatible base station;

a wireless mobile device repeater;

a wireless mobile device base station;

a set-top box (STB)/set-top unit (STU) customer electronics device;
an Internet Protocol (1P) enabled television;

an IP enabled media player,

an IP enabled gaming console;

an Ethernet gateway:

a computing device connected to the LAN;

an Ethernet connected computer peripheral device;

[ 20145054 US00014 297 DOCK v | 4
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Appl. No. t 14356581

Daocket No. ; 20 £5-0540U5
Office Action date December 29, 2017
Response date : March 9, 2018

an Ethemet connected router;
an Ethernet connected wireless bridge;
an Ethernet connected network bridge; or

an Ethernet connected network switch.

9. (Currently amended) The method of claim 1, wheretr—the—eonditonsy—speeHy—the

vt to—selectand—upplb—amestdesired-adaptaton—slgerithim  [urther comprising, based on a

change in the operation. updating the policy.

10, (Currently amended) A non-transitory machine-readable storage medium having
computer executable instructions stored thereon that when executed cause a
processor ef—a—remete—server—0 perform a method for ephmisae Improving
performance of one or more communication units by—the—remete—server, the
method comprising:

receiving. from a network monitoring device. in real-time eeHecting—byv—the vemete

sepver, data associated with an operation of frem-the one or more communication

units, the data comprising a parameter;

processing al least one of the data and historical data;

determining seneratine—by—the—remete—server: a policy for each of the one or more

communication units, based on the processed eeleeted dala—whereinthe—pokiey

hn
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=

communicating sendins—by—the—remete—server: the policy o at least—v—a—netwerk

ecupled—te—the—vremete—server—te—each—etthe one or more communication units
that. in response to—whersin-the one or-more communiestionuais implementing

the policy secerdinstotimevarvinedate improve a performance of the one or

more communication units.

11. (Cancelled)

12. {Currently amended) The non-transitory machine-readable storage medium of claim 10,

wherein

ene—ethefirsandsecond-wloopthm—based-on-the-condibens processing comprises storing al

least one of the data and the historical data in a memory device.

13. (Currently amended) The non-transitory machine-readable storage medivm of claim 10,

wherein

data—eithe—one—or—meore—communieationunts delermining the policy comprises delermining a

condition for communicating the policy.

14. {Currently amended) The non-transitory machine-readable storage medium of claim 10,

wherein

[ 20145054 US00014 297 DOCK v | 6
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s moniloring comprises

determining a received signal strength.

15. {Cuwrrently amended) The non-transitory machine-readable storage medium of claim 10,
wherein &
wreerHH-t-PBe-preetted-oi-the-ehe-or-ore-commbestenris wherein apdating the policy

comprises updating the parameter based on a change in the operation.

16.  (Currently amended) The non-transitory machine-readable storage medium of claim 10,

wherein

determining the policy comprises selecting the policy from a set of policies.

17-32. (Cancelled)
34.  (Cwrrently amended) An apparatus comprising:
a memory; and
a processor, coupled to the memory, and operable to:

receive, from a network monitoring device, in real-time. data  associated with an

operation of one or more communication units, the data comprising a parameter;

analyze at least one of the data and historical data frem-ene—er—meore—communieation

fe

determine gererste a policy||.|] for each of the one or more communication units, based

an e andlveed dotseshereiithepodiorcmmprbes o decond oot
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T SO 0 a1l
communicate sead the policy, via a network that is communicativelv coupled to the

processor. to at least eseh-eithe one or more communication units—wheret—the

sapeie-dats thal. in response o implementing the policy improve a perlormance

of the one or more communication units.

35. (Cancelled)

36.  (Cwrrently amended) The apparatus of claim 34, wherein-the-ene-or-more-contnunieation

basad-on—the—copditions further comprising a monitoring device coupled to the processor, the

monitoring device determines a received signal strength.

7. {Cwrrently amended) The apparatus of claim 34, wherein the-ene-errere-contnunieation
. by e td fiev-and-impl  he fir L | pleorid
based-on-the-cenditionsand-the-Hme—vardnadata determining the policy comprises selecting the

policy from a set of policies and updating the parameter.

38-52. (Cancelled)
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53.  (New) The method of claim 1, wherein processing comprises storing at least one of the
data and the historical data in the memory.

54, (New) The method of claim 4, wherein updating the policy comprises updating the
parameter.

55. {New) The method of claim 34, wherein at least one of the one or more communication
units are located in a different geographical area.

56.  (Mew) The method of claim 34, wherein processing comprises storing at least one of the
data and the historical data in the memory.

57.  (New) The method of claim 34. wherein determining the policy comprises determining a

condition for communicating the policy.
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REMARKS

Claims 1, 3-5, 7-10, 12-16, 34, and 36-37 were presented for examination. All pending
claims were rejected by the Examiner in a Non-Final Office Action (hereinafter, “Office
Action”) under 35 U.S.C. §103 as being unpatentable over US. Pal. App. No US 2006/0187885
Roy (hereinafter “Roy™) in view of U.5. Pat. 5970064, issued to Clark et al (hereinafter “Clark™).

In response, Applicant hereby amends claims 1, 3-5, 7-10. 12-16, 34, 36, and 37, and
adds new claims 53-57 and respectfully request reconsideration in light of the amendments to the
claims and the below remarks, and the allowance of pending claims 1, 3-5, 7-10, 12-16. 34, 36,

37, and 53-57.

Applicant thanks Examiner Grijalva Lobos for the courtesy of a telephone interview on
January 16, 2018, During this interview, Applicant’s representative proposed amendments that
the Examiner conlirmed appears (o overcome at the least the cited main reference, the Roy
document. In light of the agreement reached during the interview, Applicant hereby amends
claims 1, 3-5. 7-10, 12-16. 34, 36, and 37 to further clarify the present invention’s limitation.
Accordingly, Applicant respectfully requests that the current rejections be withdrawn, and that
all pending claims, claims 1, 3-5, 7-10, 12-16, 34, 36-37, and 53-57 be allowed as currently
amended. Support [or the claim amendments may be found, [or example, in paragraphs 48, 63,

and 69,

[20145054US00014297 DOCK v1 | 10
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CONCLUSION

In view of the above arguments, Applicant believes that all pending claims are allowable
and respectfully request that a Notice of Allowance be issued for this application in its current
state, Applicant believes that more than a sulficient number of reasons have been stated (o
traverse all rejections. Should the Examiner believe that a telephone conference would expedite
the prosccution of this application, the Examiner is invited to contact the undersigned at

telephone number (650) 353-3786.

Il any fees are due in connection with the filing of this amendment, the Commissioner is

authorized to charge such fees to Deposit Account 50-2776.

Respectiully submitted.

Date: 2018-03-09 By:__ /Al Uvanik/
Al Uyanik
Reg. No. 67.080

Custaomer No.,

146571

UMITED STATES PATENT
& TrADEMARE COFFICE
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Abstract of JP2010056898 (A)

Trans|ate this test into Toaoitip

| Sewect language :} & o

PROBLEM TO BE SOLVED: To provide a relay technology of distributing a communication load in consideration of a
band, SOLUTION: This reiay device used for relaying communication between a terminal device and a plurality of
server devices each providing a network connection service to the temrminal device includes: a reception pan receiving
connection request information transmitted from the terminal device, a measurement pan measuring traffic to the
terminal device for each server device; and a control part specifying the server device whose traffic measured in a
predatermined period is smallest as a device to receive the connection request infarmation, 1o transmit the
connection request information to the specified server device, When receiving a new connection request, the relay
device relays the conneclion request 1o the devices to distribute the load based on a band used by a connected port.
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PATENT COOQ

RECEIVER

From the INTERNATIONAL SEARCHING AUTHORE

SLAKELY, SOHOLOFF, TAYLCR & ZAFMAN LLP
1273 Oakmasd Pakway

Sursnyvale CA 240854040

ETATS-UNIS D' AMERIGUE

i Caldwell, Gragary D... w:”}*‘fﬂ“ﬁ‘??'ﬂﬁﬁun

TION TREATY

AUG 16 2012

PCT

TION OF TRANSMITTAL OF
TIONAL SEARCH REFORT AND
THE WRITTEN OPINION OF THE INTERNATIONAL
SEARCHING AUTHORITY, OR THE DECLARATION

BLAeEd v SO EE

{POT FAule 44.1)
{Data pf mading
faapnenthoang
& Augusl 2012 (06-08-2012)
Applizant's or agent's file rafedsnce Alba g L0
BT PUSERCT FORFURTHER ACTION S99 paragraphe 1 and £ balow

internafional application Ne,

POTISINT10B333T TAYLOR ZAFMAN

Iriberfational filing date
[daprontirend

5 Decembar 2017 [05-12.201 1)

Anplicant

ADAPTIVE SPECTRURM AND SIGNAL ALIGHMENT, INGC,

!_@

Filing of amendments snd statenent under Article 19:

intamalonal Search Report.

0

L3

4, Reminders

internaticnat pabicahion [Fules 90567 and S0ba.5).

in regpect of other designeted Officas, the time §mi of 30 months
it

POT Applicants Guide, Netisnal Chaplers,

The: appinant i noreby solified that the iernational search repert and the wrtten opinion of the international Searching
Avthonty hevs been established and are raremilled harewilh,

The appioant i eritled, if be 50 wishes, 1o amend the claims of the Intem aticeal Apglicabion (bve Sule 48
When? The lime Emit for filing such amendments is notmally two months ffom the dale of tranamitta of the

Whete? Diectly to the Infernalional Bureau of WIPO, 34 chemin des Solombeties
1211 Genava 20, Swilzerand, Fasolmile Neo,: {(41-23) 338.82.70

For more dotalied instructions, soe PCT Appicants Guide, intemational Phase, paragraphs 9.004 901§

The appicant ie hereby nolifed that no intem alienal search roport will be eatablianed and thal the dedaration undar
Articie 17(Z)aj te that effest and the wiithess cpesion of the Intemational Searching Authonity are larsiediled herewith

3 D Viith regard 1o any protest agans! payment of {an] sdditicnal fee(e) under Ruie 40 2, the applisant i notified that

the protast togethar with the decsean thereon has been ransmitted to the Intermationsl Bureas loasther with the
applicant’s recuest o lorward the texts of both the protest and the decision theseon to the designated Offives

D no docineon g been made yat on lhe proteat, the applicant will be notfied as soon &8s adecision & mads

The npplicand may submit comments an an infarmal basis on the wiittes cplion of the Inleenalional Searching Authorily to the
irternaticnal Bureww, The Iilernaticnal Bureau will send & copy of such comments o all design tted Olices unkess an
internationat preliminary examination raport has been of 13 10 be established. Following the expration of 30 months from the
pricety date, these commants will aleo ke made svailable bo the public.

Sheely after the expiraion of 18 months from the pasdly date, e ilermaticnal applination will be publizhed by the
international Sureau. If the appheart wishes o avoid or postpone publication, a notice of withdrawal of the international
appiization, or of tha procly clair, must reach the Intametional Bureau before somplation of the techrical preparations for

Within 79 manthe from the pricely dale, bul ondy in reepect of sorme deaignated Offiess, a demand for itematiznal preSminary
axarmingtion must be Fled if the appiicant wishes fo pratpons the entry into the sotfons phase until 30 months fom the prssity
date {in some Ofices even laler), atherwise, e apphicant must, within 20 months rom the prioty date, perfoim the presonted
achs for endry indo the national phase be‘ere thoss designated Offices.

(o later) will apply even if no demand 12 filed within 15

For cetalls abous the appisoabde Bme Bmks, Offce by OMoe, sed www wipo. mtipctfentersfime_limés hml and the

Marre and mailing address of the Intemational Searching Authonty

Evropean Patent Oifics, P B, 5218 Palentlasn 2
NAL-22R0 MY Rijswijk
Tal, (+01-70) 3400040

Fam: (+31-70) 340-3016

Authorired officar
LAMFRELA, Byivia
Tel +31 (0370 340-1548

Feem PCTASAZEC fuly 2010
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

{PCT Article 18 and Rules 43 and 44)

Appleant's or agant’s hio roloronos FOR FURTHER sme Form PETASADID
3241P05ERCT ACTION an weil ag, whers apofcable, tem 5 baiow.
international apphoation ko, intarnationad filng dabe [(dayimontiyean) (Earimst) Pricsty Date [daymontiyear]
POT /US2011,/083327 05/12/2011

Appoant

ADAPTIVE SPECTEUM AND SIGNAL ALIGNMENT, INC.

This irternationa! semoi repor hus been prepared by this Infemational Searcheng Authodily and is tranemdiod Lo the apgfloard
seeording to Aricla 18. A copy ia being iransmifted to the Intenational Bureau

Thim irtemationsl seerch report consists of 2 tolal of % sheets,
EEI it @ alas sccompanied by a copy of each preor ar! document erted in this report

%. Basis of the report
&  With mgand to the language, the sdemational search wis carisd out on the basis of;

the inlemational applcation in the language in which it waa filed

airanslation of the international applieationinte . « which ie tha language
of 3 transiation furnibhed for the pirpozes of misrmahonod search [Fules 12 B(8) and 23 1(b))

b []  Thisirtecational searh repor has bews eslablished laking inte ascount the rectification of an obvious mistake
auihorized by o nolified o hés Aulhonity under Aule 91 (Rule &3 60aa))

= D With regard ko any nuicleatide and/or amino acid sequence disolosed in the internationa’ appheation, see Box Mo, |
2 [] certainclaims were found unsearchable (See Sox Ne. If)
3 [T1 ity of invention is incking (see Seox Ha 1)

4. With regard fo lise tibe,
[X] thetedis approved as submtted by the appiicant
[]  thetest has baen sstabisned by his Authority to road a8 folows:

5. With regard o the abairacl,
the feod s approved as submidted by the apelicant

E tha laxt h'._ait been establizhed, according to Bule 38 2, by this Authonty 20t apeears in Bax Mo 1Y, The appéeant
miay, wikin cne moeth from the date of mudiog of this injemationa? search mped, submit comments ta thiz futhority

6. With regiard to the drawings.
& ihe fgure of the drawings i be publishod with the abafrast is Floure Mo, 4o
E} a3 suggestad by the apploant
m as seleclod oy thin Authosily, beasuse the applicant lafled to suggest a figure
E} as selected oy this Authosly, bacouse this figure belter charasterizes the mantion
b []  nonsof the figures i to be published with the absteact

Form POTESAZD {first sheal) fuly 2008)

Charter Communications, Inc.
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Page #1080



INTERNATIONAL SEARCH REPORT

Inbarnational applicstion Ho

PCT/US2011/063327

CLASHIFECATION OF SUBJECT MATITER

TWTHOALT2 e HoAL12/24
ADD.

Mua:dil:p 1o Itermabional Palent Classifozson {IPC) or 1o both notionsl dassfoaion andg 150G

B, FIELDS SEARCHED
K rum deournentation soecmhed (slassifisalion systorr folipeed by claasfeaton sprba k)

HOSL

Dipsamerantian shareied other Bhan srisknum dscumesrdalion to the sxtent fhat such documents. pee cleded i the fekds seameied

Elmotroma dute ase consulbed duing the nbematnal gaarch {hreme of dala base and, whero practoable, vesch borme vagd)

EPO-Internal

G, DOCUMENTS CONSIDERED 10 BE HELEVANT
Calegory” | Cialion of document, with irdiosfion, whers apsropriate, of e relevant pessages Habevant to claim b,

A US 20067126013 AL (ZWEIG JONATHAN M [US]) 1-46
15 June 2006 (2006-06-15)

paragraph [0018]

paragraph [0021] - paragraph [0039];
claims 7,14,20; figures 1,3
paragraph [BO40] - paragraph [0047]
X US 20037031180 AL (DATTA SANCHAITA [US] ET 1-46
AL} 13 February 2003 (2003-82-13)
paragraph [9621] - paragraph [0024]1;

figure 3
paragraph [PB36] - paragraph [0069)]
A US 2016/290465 Al (ANXKATAH SHASHI H [IN] 1-46

ET AL} 18 Hovemher 20180 (2018-11-18)
paragraph [004%] - paragraph [0062];
figures 1-4

..l||"--

Furtther documards are Fsbed in e oortinustion of Box O, Sew patent farmily anmex
* Bpecial cofngoeies of cied documancs

T laber dosiamest pubiEhed after the Blemationeg g dode ar pricnty

e . . . diale and Aol in sondiiol with the apoication put cited o wnderstand
AT dosumen] defirisg the genemd wlate of tha arl whioh t . P frn i
hboc'puﬁ#.bhk:' rchf:.:m which ju nirt sonmidened tha principe o Seory underlyiog the lvartisa
“E* earker spploation or patent but published on of afar B inburationa: N dosurasnt of parkieylar relevance: the slaimed invention cannct be
fiimg chabe : oeraidernd noval of cannod Iumw vobie an eentive
A wmﬁ&mﬁhmmm cn Pm'm wiaimf) oo which is wlip when the coourmant i token alone
o Ll e publicetion dete of atchher o ar pther - .
= ¥ decument of particulor relevrnes; the clalmed nvention cansol b
apwoial "m_mmq.’ i waraidered i ivolve an invendive slep whens the docurent i
2" docurend refaring to an ol diselosung, use, exithition or otar cambned with oné or mare ather suoh dogurmants, SUsh oombaation
TS kedng ebvieus bo a porson skeled i the ant
P doocmend pabiahed pros bo Soe mbemaboral g date bul laber than
the acaeily date slaimed & doouiment meriber ol the s palen iy
Dt cf thie azhunl complesion of the waad soanah Dade of mailing of the international seaich report
24 July 2012 06/o8/2012
Marny anc mosling addeess of the IS4/ Autronzed officer
Eurapsan Patent Oifics, FRB. 5815 Pelantiaan 2
Toi (4270y 340 20
(#3170} - s
e bt Ciurel, Cristian
Fomm POTOASE fapeond shaeth WAz ID05)
page 1 of 2
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INTERNATIONAL SEARCH REPORT

Infernaticnat application Mo
PCT/US2011/063327
CiContinuation].  (RPCUMENTS CONSIDERED TO BE RELEVANT
Colagery” | Cilasion of documand, wilth indizaxion, whore spproptiate, of e rebevant passages Felevart bo chaie Mo,
A US 2011/182182 AL (YANG KAT-YU [YW] ET AL} ! I-16
28 July 2011 (2011-07-28)
paragraph [0013] - paragraph [0B837];
figuras 1-4
A US 2011/273979 Al (GRABELSKY DAVID 4 [Us] 1-46
ET AL} 10 Hovember 2011 (2011-11-10)
paragraph [0862] - paragraph [0898]:
figures 4-8
Favsn POTASLE 0 joonbinsaren of sousd slesel) B POUE)
page 2 of 2
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INTERNATIOMAL SEARCH REPORT

ETIGrEEEon of DEMEnI amaly members

inemational application Mo

PCT/US2011/063327
Fatant dosumant Publizabosn Putunt fermly Pynbaatan
cited in aearch repod iate mamberns) dube
Us 2006128613 Al 15-06-2006  NONE
Us 2003031180 Al 13-32-2003  NONE
bs 281025C465 Al 18-11-2010  HONME
Us 2611182182 Al 28-07-2011  CN 182143048 A B3-06-2011
Us 2011182182 Al 28-07-2011
Us 2611273879 Al 10-11-2011  Us 7613176 Bl 63-11-2609
Us 2010061228 Al 1i-03-2010
Us 2011273979 Al -11-2011

Foam POTIEAZ0 ipaiend Tamiy aenexi [Apal 2008)
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PATENT COOPERATION TREATY

From e
INTERNATIONAL SEARCHING AUTHDRITY

PCT

| } WRITTEN OPINION OF THE
see tomn POTISARES ~ INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1}

G ™ ——
{dapmonthyear]  seoo form FLTASAZIC {second sheal)

 FOR FURTHER ACTION

i see form PCTASAZ2D | Gee paragraph 2 below
e T b e e £ bty date (daymontiyes
PCTAIS2011063327 08.12.2011

 intmational Patent Classification (120} or both nationa’ cass feation and IPG
INV. HO4L 12586 HD4L 1284

ADAPTIVE SPECTRUM AND SIGNAL ALIGNMENT, INC.

t. This opnicn contains indications relgting 1o the following items:

i1 Box MNe. ! Basis of the opinion

O BoxMe. i Promty

{1 BoxMo. il Non-astablishmant of opinion with regard te novely, inventive step and industrial applicability

O Box Mo, W Lack of unity of invention

&l BoxMo.V  FReasoned statement under Pule 33805 1{ajl) with regard io novelty, inventive siep and indusirial
applicability; citatiors and expianalions supporting sush statemant

[ Box MoVl Certain documents cited

{3 Box Mo, VI Certain defects in the international application

B3 Box Mo, VIl Cartain chiservalions on the international applization

2 FURTHER ACTION

# a demand for intarnational prefiminary edarmination is made, this opinien will usvally be considared lobe a
writtan opimon of the intarnational Praliminary Examining Authorily ("IPEA") sxcept that this does not apoly where
the applican! chooses an Authorily other than this ene 1o be the IPEA and the chosan IPEA has nofifed the
international Bureau under Rule 86.1bis(o} thal written opinions of this internaticnal Searching Authorily

will not be 50 considered,

i ki apirion is, as provided sbove, consdersd to be a written opinken of the 1PEA, the apEEcam is invitad to
submit to the IPEA a writhen reply fogethar, whare appropriale. with amendments, before the expiration of 3 months
fram the dale of maifing of Form PCTASAR20 or bafore the axpization of 22 menths from the priodly date,
whichever expiras later

For further options, see Form PCTASARED.
i 8. For further datails, s9e rotes to Form PCTASAZ20,

i thic epinion

European Potent Cifice : ‘& 1
ﬁ P B, 5512 Faientlaan 2 o . Ciurel, Cristian i Pl
—= L2250 HV Riuwik - Pays Bas P : g £
Tel «41 70 340 - 2040 | Tebephone Mo +31 70 340-0 T
Fan a3 0340 - 3006 : ;

Form POTASAGET {Cover Sheet) (July 2003}
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WRITTEN QPINION OF THE imarnational appiication Mo,
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2011083327

Box No. | Basis of the opinion

1. With regard to the language, this cpinion has bean established on the basis of;
B the international applicasion in the language in which it was filzd

O a translation of the internaiional agplicaticn into , which is the language of a tansiation turnisnag for the
purposes of international search (Rules 12.3{a) and 3.7 (b

2 L1 This opinion has been astablished taking into account the rectificalion of an obvious mistake authorized
by or notified to this Authority under Hule 91 (Hule 43bis.1(a)}

3. With regard to any nuclectide andor amino acid sequence discloged in the international application, this
opinion has been established on the basis of a sequence sting filad or furaizhed:

&. (means)
O onpapsr
O in elsctronic form

t. (tima)
{2 inthe intemational apolication as filed
[ together witk the international pplication in electronic form
[0 subsequently to this Authority Tor the purposes of search

4. [0 Inaddition, i the case that more than one version o cogy of & segquence Iisting has baen filed or furnishad,

the required statemants hat the information i the subsequent o addiiona’ copies iz identical 1o that in the
application as filed or does not go beyonc the application as filed, as appropriate, wers fumished.

5. Agditional comments:

Box No.V  HReasoned statement under Rule 43bis.1(a){i} with regard to novelty, inventive step or
industrial applicability; cilations and explanations supporting such statement

1. Statement
Mavalty (M) Yes: Claims
Now Claims 1-46
Inveniive step {15) ez Claims
No:  Claims 148
Indusinal apphcability (1A Yaes: Claims 148
Mo:  Claims

2. Cietions and explanations

see separale sheet

Feem POTASA! 237 [Apdd 2007

Charter Communications, Inc.
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WRITTEN OPINION OF THE international application Mo.
INTERMATIONAL SEARCHING AUTHORITY PCTAUS2011063327

Box No. VIl Certain observations on the international application

The fobowing observations on the clarity of the claims, description, and diawings o on the question wheiher the
claims are fully supported by 1he description, are made:

Formr POTASAZST (Apd 2007)

Charter Communications, Inc.
Exhibit 1008
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/063327

Re ltem V

The following documents are referred to in this communicalion; the numbering will be
adhered to in the rest of the procedure:

D1

D2

D3

D4

D5

US 2006126613 A1 (ZWEIG JONATHAN M [US]) 15 June 2008
(2008-06-15)

US 2003/031180 A1 (DATTA SANCHAITA [US] ET AL) 13 February 2003
(2003-02-13)

US 2010/290465 A1 (ANKAIAH SHASHI H [IN] ET AL} 18 November
2010 {2010-11-18)

LS 2011182182 A1 (YANG KAI-YU [TW] ET ALY 28 July 2011
{2011-07-28)

US 2011/273979 A1 (GRABELSKY DAVID A [US] ET AL) 10 November
2011 (2011-11-10)

The present application does not meet the criteria of Article 33(1) PCT,
because the subjecl-malter of claim 1 is not new In the sense of Article 33
(2) PCT.

The document D1 discioses {the references in parenthases applying to this
document), in terms of claim 1:

A system (figures 1 and 3) comprising:

(a} afirst Local Area Nebtwaork ("LAN") access device is {o establish g first
LAN {figures 1 and 3; paragraph 21);

(b} asecond LAN access device is to eslablish a second LAN (paragraph
21);

{c) afirst Wide Area Nelwork ("WAN") backhaul conneclion o provide the
first LAN access device with WAN connectivity {figures 1 and 3; paragraph
22y,

Form PLCTASAEET (Separate Shool) (Sheat 1) EPC-Apnl BHCE

Charter Communications, Inc.
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WRITTEN OPINION OF THE Irdermnational application No.
INTERMNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/083327

2.1

2.2

{d) a second WAN backhaul cennection to provide the second LAMN access
device with WAN connectivily. wherein each of the first WAN backhaul and
the second backhaul are physically distinct (paragraph 22);

{e} a management device communicatively interfaced with each of the first
LAN access device, the second LAN access device, the first WAN backhau!
connection, and the second WAN backhaul connection (figure 3; paragraphs
38 and 39); and

{f)  wherein the management device to route a first portion of traffic
ariginating from the first LAN over the first WAN backhaul connection and to
further route a second portion of the traffic originating from the first LAN over
the second WAN backhaul connection (paragraphs 38 and 39).

Since all features of claim 1 are known in combination from document D1, the
subject-matter of claim 1 is not new in the sense of Article 33(2) PCT.

The applicant attention is drawn to the fact that the lack of novelty of the
subject-matter of claim 1 may as well be demonstrated along the disclosure of
document D2 (figure 3; paragraphs 21-24, 36-69).

The independent claims 27 and 37 define the same features as in claim 1 but
in terms of a method and respectively a management device. The reasons
outlined with respect to claim 1 also apply to claims 27 and 37 and therefore,
the subiect-malter of claims 27 and 37 is not new in the sense of Article 33
(2) PCT.

The present application does not meet the criteriz of Article 33(1) PCT,
because the subject-matter of claim 38 is not new in the sense of Article 33
{2) PCT.

The document D1 discloses {the references in parentheses applying to this
document), in terms of claim 38:

A system {ligures 1 and 3) comprising:

{a) afirst Local Area Network ("LAN") access device is to estabiish a first
LAN {figures 1 and 3; paragraph 21);

{b} asecond LAN access device is {0 establish a second LAN {paragraph
21);

{e) aflirst Wide Area Network {("WAN"} backhau! conneclion lo provide the
first LAN access device with WAN connectivity (figures 1 and 3; paragraph
22

Fowrn POTARSTAT (Sacarate Sheet) (Bhewt 7) {BPCLAR #004)

Charter Communications, Inc.
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WRITTEN OPINION OF THE intenational application No
INTERMNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/083327

4.1

4.2

ity asecond WAN backhaul connection to provide the second LAN access
device with WAN connectivity, wherein each of the first WAN backhaui and
the second backhaul are physically distinct (paragraph 22);

(e} amanagement device communicatively interfaced with each of the first
LAN access device, the second LAN access device, the first WAN backhaul
connection, and the second WAN backhaul connection (figure 3; paragraphs
38 and 33}, and

{ft wherein the management device, responsive to a failure event, lo re-
route traffic associated with the first LAN onto the second WAN backhaul
connection or re-route traffic associated with the second LAN onto the first
WAN backhaul connection (paragraphs 18, 40-47: claims 7, 14, 20).

Since all features of claim 38 are known in combination from document D1,
the subject-matter of claim 38 is not new in the sense of Article 33(2) PCT.

The applicant attention is drawn to the fact that the lack of novelty of the
subject-matter of claim 38 may as well be demonstrated along the disclosure
of document D2 (figure 3; paragraphs 21-24, 36-69).

The independent claims 45 and 46 define the same features as in claim 38
but in terms of a method and respectively a management device. The reasons
outiined with respect to claim 38 also apply to claims 45 and 48 and therefore,
the subject-matter of claims 45 and 46 is not new in the sense of Article 33
{2) PCT.

None of the dependent claims 2-26, 28-36 and 39-44 appears o contain
additional features that, in combination with the features of any claim to which
they refer, meet the requirements of the PCT with respect to noveity and/or
inventive step (Article 33(2) and Article 33(3) PCT). The subject-matier of
these claims relates either to details directly derivable from the cited prior art
{see passages cited for the documents D1-D5 cited in the search report) or
represents standard praclice and design opticns that form part of the general
knowledge of a skilled person.

Form PETASAZET (Sanarse Sheas) (Shest 35 1 FPC-Apa 2001)
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WRITTEN OPINION OF THE Internatinnal applization No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2011/063327
Re ltem VIIi.
6 Although claims 1 and 38 have been drafted as separate independent

apparatus claims, they appear to relate effectively to the same subject-malter
and ‘o differ from each other only with regard to the definition of the subject-
matier for which protection is sought and/or in respect of the terminology used
for the features of that subject-matter. The aforementioned claims therefore
lack conciseness and as such do not meet the requirements of Article 6 PCT.

7 The same considerations regarding lack in conciseness are also valid for
independent method claims 27 and 45 and respectively independent
management device claims 37 and 46, The aforementioned claims therefore
lack conciseness and as such do not meet the requirements of Article 6 PCT.

B As explained below, some of the features in the apparatus claims 1-28, 37-44
and 46 relate to a method of using the apparatus rather than clearly defining
the apparatus in terms of its technical features. These leatures are: "to
provide”, "o route”, "to implement”, "analyze”, "to initiate”, atc. The intended
limitations are therefore not clear from this claim, contrary to the requirements
of Article 6 PCT.

a All independent claims are not in the two-part form in accordance with Rule
6.3(b) PCT, which in the present case would be appropriate, with those fea-
tures known in combination from the prior arl (document D1) being placed in
the preamble (Rule 6.3(b){1) PCT} and with the remaining features being
included in the characterising part (Rule 6.3(b)(ii) PCT).

2.1 The features of the claims are not provided with reference signs placed in
parentheses ( Rule 6.2(b) PCT).
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.WﬂlﬁEN OPINION OF THE tnternetional appiication No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2011063327

Box MNe. !  Basis of lhe opinion

1. With regard to the language, this opinion has bean estabiished on the pasis of:
B the imernational appiication in the larguage in which it was filed

£ atransialion of the internakional application into |, which s the language ol a translation luraished for the
purposes of intemational search {Rules 12.3{(a) and 23.1 (b)),

2 [ This gpinion has bean established taking into account the rectification of an obvious mistake authorized
by or notified 10 this Authority under Ruie 81 {Ruls 43bis. 1 {a))

3, With regard o any nucleotide andior aming acid sequence disciesed in ihe inlamational application, this
apinion has been esiablished on the basis of a sequaencs tsting filed or umished:

a. (means)
0 onpaper
[ in etectronic form
L. (imej
EF o the internationsl application as Bad
[ togsther with the international application in electroniz form

Li  subsequenty 1o this Authority for Ine purposes of search

=
£

in addibion, i the case that more than one version or copy of & sequance listing has been filed or furnished,
the reguired statements that the informarion in the subsequent or sdditional copies s identical 1o that in the
application as fied or does rot go beyond the apphcation as fied, as appropriate, wers fumished,

& Agdditional commenis:

Box No.V  Reasoned statement under Pule 43bis.1{a)i} with regard to novelly, inventive step or
industrial applicability; citations and explanations supporting such stalement

1. Statemant

Mowiity (MG Yas: Claims
Mo:  Clalms 1-46

raritive step (15) Yes: Cilaims
Mo:  Clams 1-45

frcdusiial apphcability (1A} Yes. Claims 1-45
Mo:  Claims

2. Citations and asxplanatons

seq separale sheet
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WRITTEN OPINION OF THE international aoplication No,
INTERNATIONAL SEARCHING AUTHORITY POTAIS2011063327

Box No. VIl Cerlain observations on (he international application

The following cbaervations on the clarity of the claims, desorintian, and drawings or on the guestion whether the
clarmg are fully supportad by the descriphion, are mada:

see separate sheet

Form PCTABA/ 23T [Apnl 2007
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WRITTEN OPINION OF THE Internationai applicakion Ko,
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) POTAUS2011/063327

He ltem V

The following documents are referred to in this communication; the numbering will be
adhered to in the rest of the procedurs:;

21

D2

B3

D5

US 2006/126613 A1 (ZWEIG JONATHAN M [US]) 15 June 2006
(2006-06-15)

US 2003/031180 A1 (DATTA SANCHAITA [US] ET AL) 13 February 2003
(2003-02-13)

US 2010/200465 A1 (ANKAIAH SHASHI H [IN] ET AL) 18 November
2010 (2010-11-18}

US 2011/182182 A1 (YANG KAL-YU [TW] ET AL) 28 July 2011
{2011-07-28)

US 2011/273979 A1 {GRABELSKY DAVID A [US] ET AL) 10 November
2011 (2011-11-10)

The present application does not meet the criteria of Articie 33(1) PCT,
because the subject-matter of claim 1 is not new in the sensae of Article 33
{2} PCT.

The document D1 discioses (the references in parentheses applying o this
dogument), in terms of claim 1:

A system {figures 1 and 3) comprising:

{a} afirst Local Area Nebwork ("LAN") access device is 1o eslablish a hrsl
LAN {figures 1 and 3; paragraph 21};

(b} & second LAN access device is to establish a second LAN {paragraph
21);

(¢ afirst Whde Area Network ("WAN") backhaul conngction to provide the
first LAN access device with WAN connectivity {figures 1 and 3; paragraph
22k

Form PLEASADEY [Snparatn Shoett (Shaet 15 {EPT Sprd FO0E)
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WRITTEN OPINION OF THE imarnational application Ne.

INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) POT/US2011/063327

2.1

2.2

id)  asecond WAN backhaul connection to provide the second LAN access
device with WAN connectivity, wherein each of the first WAN backhaul and
the second backhaul are physically distinct {paragraph 22);

{e) a management device communicatively interfaced with each of the first
LAN access device, the second LAN access device, the first WAN backhaul
connection, and the second WAN backhaul connection (figure 3; paragraphs
38 and 39); and

{fi wherein the management device to route a first portion of traffic
priginating from the first LAN over the first WAN backhaul connection and 1o
further route a second portion of the traffic originating from the first LAN over
the second WAN backhaui connection {paragraphs 38 and 39,

Since all fealures of claim 1 are known in combinalion rom document D1, the
subject-maltter of claim 1 is not new in the sense of Article 33(2) PCT.

The applicant atienlion is drawn to the fact that the lack of novelty of the
subject-matter of claim 1 may as well be demonstrated along the disclosure of
document D2 {figure 3; paragraphs 21-24, 36-69).

The independent claims 27 and 37 define the same features as in claim 1 bt
in terms of a method and respectively a managemant device. The reasons
outlined with respect 1o claim 1 also apply to claims 27 and 37 and therefore,
the subject-matter of claims 27 and 37 is nol new in the sense of Articie 33
{2) PCT.

The present application does not meel the criteria of Article 33(1) PCT,
because the subject-matter of claim 38 is not new in the sense of Article 33
{2} PCT,

The decument D1 discloses (the references in parentheses applying o this
document}, in terms of claim 38:

A system (figures 1 and 3) comprising:

{a) afirst Local Area Network ("LAN") access device is 10 establish a lirst
LAN {figures 1 and 3; paragraph 21});

{b} @& second LAN access device is lo eslablish a second LAN (paragraph
21)

{c) a first Wide Area Network {"WAN"} backhaul connection to provide the
first LAN access device with WAN connectivity {figures 1 and 3; paragraph
22);

e PUTIELAGT (Ganarnte Shaat) (Sl 21 (EPC-Aani 2015
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WRITTEN OPINION OF THE imarnational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) RPOT/AUS2011/063327

fdi asecond WAN backhaui connection to provide the second LAN access
device with WAN connectivity, wherein each of the first WAN backhaut and
the second backhaul are physically distinct (paragraph 22},

{e} amanagementdevice communicatively interfaced with each of the first
LAN access device, the second LAN access device, the first WAN backhaul
connection, and the second WAN backhaul connection (figure 3; paragraphs
38 and 38); and

{fi wherein the management device, responsive to a failure event, to re-
route traffic associated with the first LAN onto the second WAN backhaul
connection or re-route traffic associated with the second LAN onto the first
WAN backhaul connection (paragraphs 18, 40-47; claims 7, 14, 20}.

Since all features of claim 38 are known in combination from document D1,
the subject-matter of claim 38 is not new in the sense of Article 33(2) PCT.

4.1 The applicant atlention is drawn to the fact that the lack of novelty of the
subject-matter of claim 38 may as well be demonsiraled along Lhe disclosure
of document D2 {figure 3; paragraphs 21-24, 36-89),

4.2 The independent claims 45 and 46 define the same features as in claim 38
but in terms of a method and respectively a management device, The reasons
cutlined wilh respect to claim 38 also apply o claims 45 and 48 and therefore,
the subject-matter of claims 45 and 46 is nol new in the sense of Article 33
{2) PCT.

dNone of the dependent claims 2-26, 28-36 and 3%-44 appears (o contain
additional featuras that, in combination with the features of any claim ¢ which
they refer. mee! the requirements of the PCT with respect to novelty andfor
inventive step (Article 33(2) and Article 33(3) PCT). The subject-matter of
these claims refates either to details directly dedvable from the cited prior an
{see passages cited for the documents D1-D5 cited in the search report) or
rapresents standard practice and design options that form part of the general
knowledge of a skilled person,

Lo

Fewrr POEASASST (Booarane Shum) (Siaten 37 (EPO Ao 200t
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) POT/US2011/063327

Re item VIII.

2.1

Although claims 1 and 38 have been drafted as separate independent
apparatus claims, they appear 1o relale effectively to the same subject-matter
and to differ from each other oniy with regard to the definition of the subiect-
matler for which protechion is seught andior in respect of the terminslogy used
for the features of that subject-matter. The aforementionad claims therefore
lack conciseness and as such do not meet the reguirements of Article 6 PCT.

The same considerations regarding lack in conciseness are also vakd for
independent method claims 27 and 45 and respectively independent
management device claims 37 and 46. The alorementioned claims therefore
lack conciseness and as such do not meet the requirements of Article 6 PCT.

As explained below, somea of the featuras in the apparaius claims 1-26, 37-44
and 46 relate 1o a method of using the apparalus rather than clearly defining
the apparatus in terms of its technical features. These features are: "o
provide®, "to route”, “lo implement”, "analyze®, "o iniliate”, ate. The intended
limitations are therefore not clear from this claim, contrary o the reguirements
of Article 6 PCT.

All independent claims are not in the two-part form in accordance with Rule
6.3(b) PCT, which in the present case would be appropriate, with those lea-
tures known in combination from the prior art {document D1} being placed in
the preamile {Rule 6.3(bH1) PCT} and with the remaining features baing
included in the characterising part (Rule 6.3(b}(ii) PCT).

The fealures of the ¢laims are not provided with reference signs placed in
parentheses { Rule 8.2{b) PCT).

Foom PLTASARAT (Separaty Shep) (Shoet £} (SPO-Apd 2005
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[] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application.
and. to the knowledge of the person signing this certification
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56{c) more than
three months prior to the filing of this information disclosure
statement.

] on or before the payment of the issue fee but after the mailing of a final action under
4 1.113, a notice of allowance under $1.311. or an action that otherwise closes
prosecution in the application;

AND

|:| enclosed herein is the fee set forth in 37 CFR § 1.17(p):
AND

[] Applicant certifies pursuant to 37 CFR § 1.97(e):

[]  That each item of information contained in the information
disclosure statement was first cited in a communication from
a foreign patent office in a counterpart foreign application

[ 201457054 US00014300.D0CK v 2

Charter Communications, Inc.
Exhibit 1008
Page #1107



=4

PATENT

not more than three months prior to the filing of this
information disclosure statement;
OR

[J  That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart forcign application,
and. to the knowledge ol the person signing this certilication
after making reasonable inguiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

Applicant submits that the enclosed Infommation Disclosure Statement is timely;
therefore, no Fee is required.

Except as provided for under 37 CFR § 1.98(a)(2). Applicant has enclosed a copy
of each listed reference.

The above relerenced applicalion relies upon Application No. . Tiled

for an earlier effective filing date under 35 U.5.C. 120. Although, pursuant
to 37 CFR § 1.98(d). the references submitted herein are not required to be
submitted for the Examiner to consider them. Applicant submits the references
herein so that the information will be printed on the patent issuing [rom this
application,

Pursuant 1o 37 CFR § 1.704(d), Applicani certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. Il any additional

fees are due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

Respectiully submitted,

2018-03-09 By:___ /Michacl V. North/

Michael V. Norih
Reg. No. 46963

Customer No,

146571

UNITED STATES PATENT
AND TRADEM ARE Tyt
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OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
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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 autherity for the collection of this information is 35 U.S.C. 2(b)(2); {2) furnishing of the information sclicited
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 record s.

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a viclation or potential violation of law or regulation.
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{54) Bundling unit in a ds| network

(57)  Theinvention relates to a bundiing unit (BU) for
facilitating commurication betweean a plurality of clients
{CL1, CL2, CL3, CL4) and a DSLAM (10} in a DSL net-
work to transmit at least one signal from the DSLAM (10)
to at least one client (CL1, CL2, CL3, CL4) upon request.
The bundiing unit (EU) is arranged to communicate with
the DSLAM (10) via a first set of lines (L1, L2, L3, L4)
and with the clients (CL1, CL2, CL3, CL4) via a second
set of lines (L1', LZ, L3, L4"). The bunding unit (BU) is
arrangad to

a) receive a request for a signal from a client {100);

b) werity if the requested signal is already available at the
bundling wnit (U} (102) and

b1} il so, forward the requested signal to the client (103),
and

b2} if not, select one of the available ines (L1, L2, L3,
L4} to forward the request to the DSLAM (10] (10G).
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Description
TECHMICAL FIELD

[0001] The invention reates toa bundling unitin a D3L
netwark.

STATE OF THE ART

[0002] Digital Subscrber Line (DSL) technclogy is
used to create a relatively large digital bandwidth on for
inatance a telephone line, Many variants of DSL tachnol-
ogy exist, such as asymmetnc DSL (ADSL, VDSL, ats.)
and symmetnic DSL (SO5L, HOSL, ete.).

[0003] DSL traffic 's managed by a so-called DSL Ac-
cess Module [DSLAM), being an intermediate between
a client and the network.

[0004] It is known that the avaikable DSL bandwidth
depends on the distance between the client and the cen-
trél office device, such as the DEL Access Module
(DSLAM), The bandwidth decreases with increasing dis-
tance,

[0005] The layout of the DEL netwerk is explained in
mare datail below with reference to Fig, 1.

[0006] DL networks are nowadays used for all kinds
of data trangport, such as for distributing television sig-
nals to clients, This means that the transmission of TV
signals does no longer require & separate coaxial TV
cable network,

[00O7] It iz an object of the invention to increzse the
bandwidth available for clients 'n a DSL network, espe-
cially for data transoor such as television signals.

SHORT DESCAIPTION

[0008] According to an aspect there i provided a bun-
dling unit for facilitating communicaticn between a plu-
rality of clients and a DSLAM in & DSL network to transmit
et least one signal from the DSLAM fo at least one cllent
upon request, wherein the bundling unit s arranged o
commuricate with the DSLAM via a first set of lines and
with the cliens via a second sel of lines, and the bundiing
unit is arranged to

a) receive a request for a signal from a client;
b} verify if the requested signal iz already available
at tme bundling unit and

b1} it se, forward the requested signal to the cii-
ent, and

b2) i not, select one of the available lines to
forward the request to the DSLAM, As a result,
the bundling unit will receive the raquested sig-
nal from the DSLAM via the selected Fne.

[0209] According to an aspect the bundling unit is fur-
ther arranged 10

o) in reaction to b2) receive the requested signal from
the DSLAM and forward the gignal to the client.

[0010] Accoerdingtoanembodimentthe signal s a mul-
ticast signal. The multicast signal may comprise at least
one of a television signal, a radio signal, a data signal.
[0011] According to an embodiment the bundling unit
is further arranged to

al) use clant subscription information to verify if the
client the request was received from is allowed to
receie the requested television channel, Thiz is to
ansure that clients can not receive (television) ig-
nals for which they are not authorzed.

[0012] According to an embodiment the bundling unit
further comprizes or hag access to &8 memary comprising
cliert subscription informaticn. The client subscription in-
formation may comprise information to werify wiich tel-
evision signals the client is allowed t receive or infor-
mation about a fixed bandwidth assigned to a client.
[0013] According to an embodiment the bundliing de-
vige further comprisas a plurality of client connectars to
coemmunicate with the at least ane cient via the secend
set of lines respectively. Each client connector may be
asgociated with a single client.

[0014] Accerding to an embeodiment tha bundling de-
vice further comprises & plurality of DSLAM connectors
te communicate with the DSLAM via the first sst of lInes
respectively. Each DSLAM connector may be associated
with a single line of the first set of lines.

[0015] According toan embodiment the bundling umnit
comprises more client connectors than DSLAM connec-
tors, The embodiments make it possible to serve a first
nurmber cof clients using a second number of DSLAM con-
nectors, the second number being less than the first
number. Forinstance, ihe number of DSLAM connactars
docs not need 1o exceed the number of avallzble telavi-
slon gignals avellable on the DELAM. Also, it may be
anticipated that not all clients request bandwidth at the
SAME fime.,

[0018] According to an embodiment the bundling unit
comprses less client connectors than DSLAM connec-
tars. This allows providing a relatively high bandwiath to
a numbear of available clients.

[0017] Accordingto an embodiment action B2 meay fur-
ther comprise

b2-1) verity it bandwidth l2 avallable on one of the
lingg comprigad by the first et of lines to meet the
reguest, and if not

b2-2) re-distribute signals glready received via the
first sel of ines over the first sel of lines o creatas
bancwidth for the requested signal, if possible.

[0018] Accoerding to an embodiment the bundling unit
BU is further arranged to
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generate an information message comprising a list
of television signals that are being transmitted by the
burdling unit BL to the clients CL1, CL2, CL3, CL4,
transmit tha Information message to at least one cli-
ent CL1. CL2, CL3, CL4 to be displayed on a televi-
sion set TV of the at least one client CL1, CL2, CL3,
CL4.

[0019] According to an embeodiment the oundling unit
BLU is further be armangea 1o

1) receive at least one list of prograrm files from pro-
viding cliants CL1, CL2, CL3, CLA comprising infor-
mation about program files stored in association with
cerain providing chents,

Il) generate a combined list of program files based
on the at least one received list of program files,
Iy transmit the combined list to at least one reguest-
ing client CL2,

IV) receive a selection of a program file comarised
in the combined ligt from a requesting client CL2,
Vifarwardthe selectionto aproviding client CL1, and
Vi) facilitete transmittal of the selected program from
the providing client CL1 to the requesting chent CL2.

[0020] According to an aspect there is provided a
method for operating & bundling unit for fadilitating com-
munication between a plurality of clients and a DSLAM
im & DSL network o transmit at least one signal from the
DSLAM to at least one client upan request, wherein the
bundling unit is aranged 1o

a) receive a request for a signal from a client;
b} verfy if the requested signal iz already available
at the bundling unit and

b1} if o, forward the requested signal to the chi-
ent, and

b2) i not, select one of the available ines to
forward the requast to the DSLAM.

[0021] According toan embodiment the method further
COMprses

¢} in reaction o b2) receive the requested signal from
the DSLAM and forward the gignal to the client.

[0022] Accordingto an aspect there is provided acom-
puter program product comprising data and instructions
that can be leaded by 5 compuler arrangement, allowing
said computer arrangement to parform the methods ac-
cording to the above,

[0023] According to an aspect there is provided & data
carner provided with such a computer program product.

SHORT DESCRIPTION OF THE DRAWINGS

[0024] Ermbodiments will now be deseribed, by way of

example only, with relerence to the accompanying sche-
matic drawinge in which corresponding reference sym-
bols indicgte comesponding parts, and in which:

Figure 1 schematically depicts a D3L network ac-
cording to the prior art,
Figure 2 schematically depicis a DEL network ac-
cording to an ambodiment,

- Figure 3 schematically depicts a computer arrange-
rment,
Figure £ schematically depicts a bundiing unit ac-
sording to en embodiment,
Figure 5 schematically depicts a flew diagram ac-
cording to &n embodiment, and
Figure 6 schematically depicts a flow diagram ac-
cording to & further embodimeant.

DETAILED DESCRIPTION

[0025] Fig. 1 schematically depicts & DSLAM 1 accord-
ing to the prior art, which is on one side connected to a
number of cliems CL1, CL2, CL3, CL4, and on the other
hand is connected o a further network NW, such as tha
PSTN-network, the Internet and the like. Each client CL1,
CL2, CL3, CL4 may comprise a elevision set TV, per-
gonal computer or the ke 1o process the received 1ele-
vision signals and display the television signals.

[0026] Ascanbeseen, eachclient haz its own line L1,
L2, L3, L2 connecting the client CL1, CL2, CL3, CL4 to
the DSLAM. This means that each cliemt CL1, CL2, CL3,
CL& can only use the bandwidth provided by its associ-
ated line.

[0027] When setting up or disconnecting a connection
between a client and the CSLAM 1 protocolz are used
that arc known by the skilled person, In generzl, the client
sends IGMF messages, such as a join message, leava
messaga, to tha DSLAM 1 in order to requast or abandon
multicast (television) channels.

[0028] The invention is based on the Insight that this
network architecture does not allow an efficlent use of
the tatal available bancwidth provided by lires L1, L2,
L3, L4 for a Tew reasons.

[0029] Firstly, the fnes L1, L2, L3, L4 are not used all
of the time. So, the first client C1 wsing fiest line L1, can
not uge the bandwidth of line L2 associated with the sec-
ond client G2 when client CL2 iz not uging the second
line L2,

[0030] Secondly, when the first and second dients
CL1, CL2 watch the same television channal, the same
televigion signal is fed through both lines L1, L2,
[0031] Therefore, embodiments are provided in which
the respective lines L1, L2, L3, L2 are no longer directhy
associated with one particular client CL1, CL2, CL3, CL&,
A bundling unit BU is provided to manage the DSL traffic
and make sure that the avallable capacity of lines L1, L2,
L3, L4 is used in & more efficient way.

[0032] The bundling wnit BL may be located in the vi-
cinity of the chents CL1, CL2, CL3, CL£ so that lines L1,
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L2, L3, L4 that are now used in a more efficient way cover
maost of the distance between the clients CL1, CL2, CL3,
CL4 and the DSLAM 1.

[0033] The clients CL1, CL2, CL3, CL4 may for In-
stance be located in a hotel, a hospital, a block of flats,
ete. The bundling unit BU may be located in or near the
hotel, hogpital, bBlock of flats etc.

[0034] Fig. 2 schematcally depicts an embodiment
comprising the bundling unit BL). Comrespending refer-
ence symbols indicate corresponding parts as in Fig. 1.
Fig. 2 further comprises a bundling unit BU which is con-
nected 1o each client CL1, CL2, CL3, CL4 via separate
lines L7', L2, L3, LA". The bundling unit BL! is connected
with the DSLAM via lines L1, L2, L3, L4,

[0035] The bundling unit BU may be formed as a com-
puter, such as explained below with reference to Fig. 3.

Comgputer arrangement

[0036] In Figure 3, an overview is given cf 8 computer
arrangement 10 that may function as bundling unit BU
according to the embodiments. The computer arrange-
ment 10 comprises e procaasor 11 for carrying aut arith-
metic cperations.

[0037] The processor 11 i connected to a plurality of
memony companants, including a hard disk 12, Read On-
ly Mamory (ROM) 13, Electrically Erasable Programma-
ble Read Onty Memary (EEPROM) 14, and Random Az-
cess Memony (RAM] 15, Net all of these memory types
need necessarnily be provided. Voreover, (hege memory
companents need not be located physically close to the
precessor 11 but may be located remaote from the proc-
essor 11,

[0038] The processor 11 may also be connecled to
devices forinputting instructions, data ele. oy a user, like
a weyboard 18, and a mouse 17. Other input devices,
&such gs a touch screen, a track ball and/or a voice con-
verter, known to persons skilled in the art may be provid-
ed too.

[0238] A resding unit 19 connected 1o the processor
11. may be provided. The reading unit 19 is armnged to
read data from and possibly write dalz on a dala carrier
like a floppy disk 20 ora GDROM 21. Other data carriers
may be tapes, DVD, CD-, DVD-A, mamaory sticks ofc. as
is known to persong skilled in the art

[0040] The processor 11 may also be connected to a
printer 23 for printing cutaut data on paper, a3 well as to
adisplay 18, forinstance, a moniler or LCD (Liguid Crys-
tal Display) screen, or ary other type of cisplay known
to persone skilled in the art.

[0041] The orocessor 11 may be connected to a loud-
speaker 29,

[0042] The processor 11 may be arranged o commu-
micate with remote computer erangements 10, for in-
stance via network 27, such as the Public Switched Tel-
ephone Netwerk (PSTH), a Local Area Metwork (LAN),
a Wide Area Network (WAN), an [P networs ate. by
means of /D device 25.

[0043] The data carder 20, 21 may comprise a com-
puter program product in the form of data and instructions
arrenged to provide the precessor with the capacity to
perform a methed In accordance with the embodiments.
However, such a computer program product may, alter-
natively, be downloaded via network 27.

[0044] The processor 11 may be implemented as
stand alone systern, oras a plurality of paraliel eperating
precessors each arranged 1o carry out subtasks of 2 larg-
ercomputer program, or as one ar more Main processorns
with several sub-processors. Parts of the functionality of
the invention may aven be camied out by remate proc-
ess0re communicating with processor 11 through the net-
work 27.

[0045] The memory COMPONENts may comprise pro-
gramming ines and instructions readable and executa-
ble by the processor 11, to provide the processor with
functionality acconding to the embodiments.

[0046] It will be understood that also other network
points &s schematicelly depicted in Fig. 2, such as the
cliert CL1, CLZ2, CL3. CL4 and the DSLAM 1 may be
formed as computer arrangements, gimilar to Fig. 3.
[0047] According to an embodiment, the bundling unit
BU may be armanged to function as one or more DSL
modems and a router 1o which all clients CL1, CL2, TL3,
CLZ are connected and one or mere DSL modems to
which the DSLAM is connected via lines L1, L2, L3, L4,
However, these DSL modems facing the clients CL1,
CL2, CL3, CL4 are not always necessary. For instance,
in case the wiring in an apartment buitding, hospital, ele
ise.g. GATS no modulation is needed towards the clients,
&0 no DSL modems are needed, The modems may be
used to talk to modams in the DSLAM 1.

[0048] Fig. 4 provides a mone schematic view than Fig.
3 of an embodiment of the bundling unit BU, showing
procassor 11, being connected to memony companents
12, 13, 14, 15 and 'O devica 25,

[0049] The VO device 25 facilitates communication
with the DSLAM 10 (not shown) via lings L1, L2, L3, L4
and facllizztes communication with the cliente CL1, CL2,
CL3, CLa via lines LT, L2 L3, L&",

[0050] Fig. ¢ clearly shows thal the bundling unit BU
may comrprise a plurality, such as a first, second, third
and fourth clientconrector 31, 32, 33, 34 tocommunicata
with the clients CL1, CL2, CL3, CL4 via lines L1, L2',
L3, L4' respectively. Bundling unit BL futher comprises
a plurality, such as a first, second, third, fourth DSLAM
connector 41, 42,43 44 to cammunicate with the DSLAM
10wvia lines L1, L2, L3, L4 respectively

[0061] The processor 11 may oe aranged lo provide
the bundling unit BU with the functicnality according to a
method &5 described below with reference to Fig. 5.
[0052] Ina first acton 100 the bundling unit BL wails
to receive & recuest from one of the clients CL1, CL2,
CL3, CL4 via the respective cllent connector 31, 32, 33,
34. The request may be a request o receive a cerain
television signal (a particular chanmel).

[0053] I no request is recelved, the bundling urit BU
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remains walting according to action 100. Once a request
is received from for instance the first cliert CL1 via the
first client connector 31, the bundling unit BU checks in
action 102 if the requested television signal 1s already
available on one of the ines L1, L2, L3, L4 atthe bunding
unit BL

[0054] I the requested television signal s already
available, for instance because the bundling unit BU was
already receiving that particular television signal on be-
half of anather client, for ingtance the second client CL2,
the burgling unit BU proceeds to action 103, in which the
already available talevision signal is forwarded ta the first
cliant CL1 via firet ¢lient connector 31. This way, no ad-
ditional bandwidth is required on lines L1, L2, L3, L4,
[0055] i the requested television signal is not already
available, the bundling unit BL proceeds to action 104,
inwhich the bundling unit EL verifies if encugh Eandwidth
of capacily iz available on the lines L1, L2, L3, L4 con-
necting the bundling unit EUtothe DSLAM 10, This action
may be performed by evaluating for each line how much
of the total bardwicth is already in use and compare the
remaining bandwidth of each ling with the bandwidth that
is required for fulfilling the request,

[0056] According o an embodiment, action 104 may
further comprse redistributing signals already received
via the first et of lines L1, L2, L3, L4 cver the first set of
lings L1, L2, L3, L4 to create bandwidth on one line for
the requested signal, if possible,

[0057] For instance, in cese all available lines of the
first st of lines L1, L2, L3, L4 are in use using approxi-
mately 407 of the bandwidth of each ine and the request
requires 75% of the bandwidth of a single line (e.q
HETV), According to this situation nane of the lines is
able to provide the bandwidth for the request.

[0058] Therefore, in action 104 the bundling unit BU
may re-distribute the signals already received via the first
&et of lines L1, L2, L3, L4 over the first set of lines L1,
L2, L3, L4 to create bandwidth to meet the request. For
instance, the oundling unit BU may decide ta move the
signal recehved via the first line L1 to the second line L2,
The second ling L2 will be Able to trAansmit wo signals
as the combined bandwidth docs not exceed the availa-
ble bandwidth on the second lime L2 (40% + 40% = B0%).
The first ime L1 15 now able to meet the request and can
be used for the transmiszion of for instance the HDTV
signal. Thiz embodiment enables a more efficient use of
the first set of ines L1,L2,L3, L4.

[0059] Moving a signal frem cne line to another fine
may be dong oy sending appropriate [IGMF) messages
te the CSLAM 10, such as for instance sending a leave
message via the first line and a join message via the
cther lire,

[0060] S0, action 104 may comprise verilying il enough
bandwidth or capacity is available and possioly creating
avallable bandwidth or capacity by redlstributing signals.
[0061] I nct enough bandwidih is available on the lines
L1,L2 L3, L4 (possibly also nat after re-distribution), the
request s denled, and a deny message Is transmited to

the tirst client CL1 via first client connactor 21 in action
106.

[0062] K however in acticn 104 it is determined that
anough bandwidth s avalable, the bundling uniz BU
sends a request to the DSLAM 10 to request for the re-
quested televizion signal via one of the available DSLAM
connectors 41, 42, 43, 44. [t ls noted that the bundiing
unit B does not necessary use the first ine L1 to process
a request from the first client CL1. According to the em-
bodiments, the lines L1. L2, L3, L4 are no associated
with one particular client CL1, CL2, CL3, CL4.

[0063] In action 107 the bundling unit BU waita to re-
ceive tha raquasted television signal, and, in action 108,
thebundlingunt BU receives andiorwards the reguested
television signal to e first client CL1 via one of the
DSLAM 10 connectors and the cllent connector 31 re-
spectively.

[0064] As an alternative, a further action 101 may be
previded in between actions 100 and 102, In an action
101 {nat shown in the drawings), the bunding unit BL
mary verify if the client CL1 the request was received from
Is allowed to receive the requested television channel.
The bundling unit BL may comprise or have access to
cliert subscription information, in which for each clent
subscription information is stored. This client subscrip-
tien information can be ueed to verify which television
signals the client is allowed 1o recaive, If the client is not
allowed to recelve the requested television signal, the
bundl ing unit EU may continue with action 105 in which
the request iz denied. If the client iz allowed to receive
the requested telavision signal, the bundling unit BU con-
tinues with action 102.

[D065] As another alernative, the client subscription
Information may comprize a fixed bandwidth azsigned to
each client in order to guarantee a minimum service for
that client. Based on the assigned bandwidth, a reguast
may be relused, if meeting the request would result in
exceeding the assigned bandwidth.

[0066] The cliens subscrption informaticn may be
stored In memory 12, 13, 14, 16 comprised by the bun-
dling unit B, butmay also be stored at A remote memory,
for instance at the DSLAM 10, that is accessible by the
bumndling unit BL.

[0067] In the description the number of clents CL,
CL2, CL3, CL4 is four. However, it will be undersicod
that this is just an example and that in fact the bundiing
unit BU mey be usedto serve any numberof eliznts equal
or exceeding two.

[0068] Inthe above example, the number ot lines L1,
L2, L3, L4 connacting the bunding unit EU to the DSLAM
10 equalthe number ot chents CL1, CL2, CL3, CL4. How-
ever, this is not necessarlly the case. The number of cii-
ents CL1, CL2, CL3, CL4 may be higher than the number
of imnes L1, L2, L3, L& connecting the bundling unit BU
to the DSLAM 10, anticipating that not all clignts will re-
quire bandwidth at the same time. Also, the number of
lines connacting the bundling unit BU to the DSLAM 10
may be higher than the number of clients CL1, CL2, CL3,
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CL4, for instance in the case that not all clents CL1, CL2,
CL3, CL4 are subscribed to the television service. Also,
if the number of available television sicnals is limited, for
Instance 32, no more than 32 fines connecting the bun-
dlireg wnit BU tc the DSLAM 10 are necessary for telavi-
sion signals, while the nurmber of chents may excead 32

Information messace

[0069] According to an embodiment, the bundling unit
BU is further arranged tc:

ganerate an information meesage comprising a list
of television signals that are being transmitted by the
burdling unit BL to the clients CL1, CL2, CL3, CL4,

= transmit the Information message to at least cne cii-
ent CL1, CL2, CL3, CL4 to be dizplayed on a televi-
sion set TV of the at least one client CL1, CL2, CL3,
Cl4.

[0070] According to this embodiment, in use, the bun-
diing unit BU has knowledge about which clients CL1,
CL2, CL3, CL4 recelve which television signala. The bun-
dling unit BU may be arranged o send an information
message to a chent CL1 to be displayed on the television
get TV of that client CL1 informing the client CL1 of the
television signals that anc being transmitted by the bun-
dling unit BU to the cllents CL1, CLZ2, CL3, CL4.

[0071] The information message may comgrise a list
oftelevizion signalsthat are being trarsmitied by the bun-
dling wnit BLI ta the ather clents GL2, L3, CL4 (e, not
compriging the recipient of the information message) or
allclients CL1, CLZ, GL3, CL4. The listmay cnly comprise
television signals that arc trangmitted to at least a pre-
defermined threshold number of clients. In the example
eccording to the figures the predetermined threshald
number may ba two. The liel may alse only comprise the
television gignals that are transmitted most, such as a
list of the three or five mest watched television signals.
[0072] The information message may only be sent to
clients that do not already watch the television signals
comprised in the lisl of television signals in the informa-
tion message

[0073] The information message may inform a client
CL1 of television programs that are being watched by
the other clients CL2, CL3, CL&, so the client CL1 is in-
tormed of other popular programs. The affoct of this may
be thatl the informed client may change to one of the
televigion gignal compriged in the information message,
thereby cragling more available bandwidth on the lines
L1, L2, L3, L4 between the bunding unit BU and the
DSLAM 10.

[0074] The informalion messsge may be sent 25 part
of acticn 104 if not enough bandwidth is available.

Exchanging program files

[0075] The bundling urit BU may further be arranged

to fecilitate exchange of program files between dients
CL1, CLE, CL3, CL4 connecledtc the same bunding unit
BL. Each client CLY, CLZ, CL3, TL4 may be amanged
to record television signals and store them as program
files on memory ME, such as memaory associated with
the television sel TV, extemal memory, oF MEanmnaony as-
soclated with a set-top box.

[0078] This is further explained with referance to Fig.
B, showing an exemplary flow diegram with actions as
perlormed by a providing client CL1, a bundling unit BU
and a requesting chert CLE2,

[0077] The providing client CL1, ie. memory ME
andfor the television sat TV associated with the providing
cliert CL1, may be arranged to generate a list of stored
pregram files in action 201, In action 202 the providing
cliert CL1 uploads this list to the bundling unit BU via line
L

[0078] The bundlingunit BU is arranged to receive this
list in &ction 203, In fact, the bundling unit BU may be
arrenged to receive similar lists from different providing
clierts CL2, CLA, CL4, although thisis natshown in Fig. 6.
[0079] In action 204, the bundling unit BU generates
a combined list of stored program filas, being & combi-
nation of all lists received from the different providing
clierts in action 203. In action 205, this combined list is
transmitted to at least one client, in this example client
CL2, via line L2, Of course, the bundling unit BU may
also transmit the combined list to other clients.

[0080] I will be understood that actions 20< and 205
may be repeated every time a new list iz received from
one of the providing clients

[0081] The combined list is received by requesting chi-
ent CL2 in action 206 and subsequently displayed by the
reguesting client C2 in action 207, Action 207 may for
instance be performed upon request of a user associated
with the requesting cient CL2. The requesting client L2
may be amanged to receive a selaction made by the user
from the combined list displayed in action 207, The se-
lection may for Instance be received via a remacte centrol,
controlling the television set TV,

[o082] The selection is then uploaded to the bunding
unit BU in action 209 via Fne L2". In action 2710, the bun-
dling unit BU receives the selection and farwards the se-
lection to the providing client, in this case providing client
CL1. The appropriate providing client may be determined
by the bundiing unit B by consulting stored copies of
the lists received from the different providing elients in
action 203.

[0083] Inaction 211, the providing client CL1 recaives
the galection and in respongs, uploads the selected pro-
gram file to the bundling unit BL in action 212, the bun-
dling wnit BL in turn forwarding the program file to the
reguesling client CL2 in action 213, Finally the program
file is received by the requesting client CL2 in action 214,
Actien 214 may further comprise displaying the receved
pregram file andfor staring the received program file on
memary associated with the requesting clent © L2,
[0084] Depending onthe case, the transfer of the pro-
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gram file may be a streaming leed allowing immadiate
digplaying on the receiving side (possibly using buffering
technigues). In case no immediate real-time displaying
Is required, the transfer may use other transfer tech-
niques and protocols

[0085] It will be understood that a client may be both
a proviging cllent as a requesting client, 1.e. a client may
share certain programs with the other clients and at the
same time request other programs from the other disnts.
[0086] Furthemmore, exchanging program files may be
provided with securty measures as passwords end the
like t& make sure that users can decide which pragram
files may be shared by other clients (by assigning a pass-
word known to (some) other clients or not assicning a
password at alf) and which program files may not be
shared (by assigning a secret password).

[0087] Se, according to this embodiment there s pro-
vided a bundling urit BL for Tacilitating communication
between aplurality of clients CL1, CL2, CL3, CL4, where-
in the bundling unit BU is arranged to communicate with
the clients CL1, CLE, CL3, CL4 via a get of lines L1°, L2,
L, L&', and the bundling unit (U} is arranged to

I) receive at least one list of program files from pro-
viding chents CL1, CL2, CL3, CL4 comprising infor-
mation about program files stored in association with
cenzin providing cherts,

Il) generste a combined list of program files based
on the at least one received list of program files,
iy transmit the combined list to at least one reguest-
ing client CL2,

V) receive a selection of a program file comorised
in the combined list from a requesting client CLZ,
Viforwardthe selectionto aproviding client CL1, and
Vi) facilitete transmittal of the selected program from
the pravidging cliant CL1 to the requesting clent CL2
When used ke thig, the bundling unit BU may also
be referred to as an exchange unit.

[00&8] This embodiment may be combined with other
embodiments provided above, Thus, the bundling unit
BU may be aranged for facilitating communication be-
tween a plurality of chents CL1, CL2, CL3, CL4 and a
DSLAM 10 in a DSL netwark to transmit at least ona
signal frorm the DSLAM 10 to at least one client CL1, CL2,
CL3, CL4 upon request, wherein the bundling unit BU is
arranged to communicate with the DSLAM 10 via a first
set of lines L1, L2, L3, L& and with the clients CL1, CL2,
CL3, CL4 via a sacond get of Bnes L1', L2, L3, L4, and
the bundiing unit BU is amranged to &) receive a raquest
for a signal from a client (100);

by werily if the requesied signal is already available
at the bundling unit (BU) (102} and

b1} if s, forward the requested signal to the cli-
ent (103}, and
b2} If not, select cne of the available lines (L1,

L2, L3, L4) 1 forward the request to the DSLAM
{10) {106).

Further remarks

[0089] The above embodiments have several advan-
tages, some of which are already mentloned above.
[0080] Incase two or more clients watch the same tel-
evision channel (muticast channel), the associated tel-
evigion signal only nesds to be transmitted once by the
DSLAM 10 to the bundling unit BU. This reduces the
amount of bandwidth used on lines L1, L2, L3, L4, So,
the bundling unit BL is usea to bundle cifferant channals
to avoid unnecessary multicast meseages being trans-
mitted by the DELAM 10,

[0091] Alsc, If a single cllents wants (o recelve two tel-
evizion gicnals at the same time [e.q. watching twa dif-
ferent television channels on two different television
sets), the two television signals are not necessarily trans-
mitted via a single line, Le. the line associated with the
cliert, The bundiing unit BU is now capable of using two
lines for handling the request for two television signals,
it & second line is available

[0092] Asa consequence, achent that is situated rel-
atively far away from the DSLAM 10 can now be offered
more television channels. So, the embodiments at least
partially compensate the disadvantage of reduced band-
width experienced by a cllent being relatively far away
from the DSLAM 10

[0093] The distance to the DSLAM 7 is reduced, as
the relevant distance is now the longest distance of

A) the distance between a client and the bunding
unit EU or

B) the distance between the bundling unit BU and
the DSLAM 1.

[0094] So, it is no lenger the total distance between
the client and the DSLAM 10 that 15 relevan. In most
cases the relevant distance |s the distance between the
bundling unit B and the DSLAM 1, as thig is usually the
longest, though this will be still be shorer than distznce
A or B. S0, a higher throughput can be achieved cver a
lime L1, L2 L3, L4, such as a twisted pair cable.

[0095] Furthermore, the embodiments can be integrat-
ed in existing infrastructure, such as existing ADSL2+
infrastruciura, without requidng serlous modifications in
the architecture. Migration to newer technelogies can be
postponed due to the provided higher (experenced)
bandwidth.

[0096] The descriptions above anc intended ta be ilus-
tretive, notlimiting, Thus, twill be apparent to one skilled
inthe art that modificzlions may be made to the invertion
as cescribed without deparing from the scope of the
claims set out below.
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Claims

Bundling unit (BU) for facilitating communication be-
tween a plurality of cllents (CL1, CLZ, CL3, CL4) and
a DSLAM {10} in a DSL network to transmilt at least
one signal fram the DSLAM (10) to at least ore client
{CL1, CL2, CL3, CL4) upen request, whereln the
burdling unit (BU) is arranged to communicate with
the DSLAM (10) via a first set of lines (L1, L2, L3,
L4} and with the clients (CL1, CL2, CL3, CLdjviaa
second set of lines (L1, L2, LY, L4'), and the bun-
dling unit (BU) is aranged to

a) receive a request for a gignal from a client
{100);

b) verify if the requested signal is already avail-
able &t the buncling unit (BU) (102) and

b1} if s, forward the requested signal to the
client (103), and

b2} # net, select one of the available Fnes
{L1, L2, L3, L4)toforward the request to the
DELAM (10) (106).

Bundling unit {BU) according to claim 1, wharein the
burdling unit (BU) ie furthar armanged to

c}Inreaction to b2) recelve the requested signal
from the DSLAM (10) and forward the signal to
the client [108).

Bundling unit (BU) according te claim 7, wherein the
signal is a multicast signal.

Bundling unit (BU) according to any ene of the pre-
ceding claims, wharein the bundling unit (BU} is fur-
ther arranged to

a1) usa client subscription Information to verity
if the client the request was recelved from Is al-
lowed to receive the requested television chan-
nel.

Bundling device {BU) accerding to claim 4, further
compriging or having access to a memory (12, 13,
14, 15) comgriging client subscription infermeation.

Bundling unit (BU) according to any ene of the pre-
ceding claims, wherain the bundiing device (BU) fur-
ther compriges & plurality of client connectore (37,
3233, 34) 1o communicate with the at least ona client
{CL1, CL2, CL3, CL£) via the second set of lines
(L1, L2, L3, L) respectively,

Bundling unit (BU) according to any one of the pre-
ceding claims, wherein the bundiing device (BU) fur-
thercomprises a plurality of DSLAM connectors (47,
42 43, 24) to communicate with the DSLAM (10) via

the first set of lines (L1, L2, L3, L) respectively.

8. Bundlingunit (BL)) according to claims 6 and 7, com-
priging more cllen connactors (31, 32, 33, 34) than
DSLAM comnectors (41, 42, 43, 44).

9. Bundingurlt (BU) according to clalims 6 and 7, com-
priging less client connectors (31, 32, 33, 34) than
DSLAM connectors (41, 42, 43, 44).

10. Bundling unit (BLY) according to eny ene of the pre-
seding claima, whergin action b2 further comprizes

b2-1) verify if bandwidih is available on one of
the lines comprised by the first set of lines (L1,
L2, L3, L4) to maet the request (104}, and T not
b2-2) re-distribute gignals already received via
the Tirst set of lines (L1, L2, L3, L4) over the first
setof ines (L1, L2, L3, L&) to create bandwidth
for the requested signal, if poasible,

11. Bundling unit (BU) accerding to any ane of the pre-
geding claims, wherain the bundling unit (BU) is fur-
ther be arranged to

- generate an information message comprising
a list cf television signals that are being trans-
mitted by the bundliing unit (EL) to the clients
(CL1, CL2, CL3, CL4),

= franemit the information message 1o at least
one clent (GL1, CL2, CL3, GL4) 1o be displayed
on a television set (TV) of the at least one client
(CL1, CL2, CL3, CL4).

12. Bundling unit (BLY) according to any ane of the pre-
ceding claims, wherein the bundiing unit (BU) is fur-
ther be arranged to

1) recalve at least one (st of program flles from
previding chents (CL1, CL2, CL3, CL4) compris-
ing information about program files stored in &s-
socialion with certain providing clients,

Il) gererate a combined st of program files
hasedonthe at leastone receved listof program
files,

11l transmit the combined st to at least one re-
questing client (CL2),

V) receive a selection of a program file com-
prised in the combined kst from a requesting cli-
ent (CL2),

V) forward the selection to a providing client
{CL1), and

VI Tacilitale transmittal of the selected program
from the providing chent (CL1] to the requesting
client (CL2).

13. Method for operating a bundling urit (BU) for facii-
tating communication between a plurality of clients
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{CL1, CL2, CL3, CL4) and & DSLAM [10) in & DSL
network to tranemit at least cne sigral from the
DsLAaM (10) to at least one client (CL1, CL2, CL3,
CL4) upon request, wherelr the methed comprises

a) receiving a recuest for a signal from a client
(100,

b verifying if the reguested signal is already
available at the bundling unit (BU) (102) and

b1} if 50, forward the requested signal to the
client (103), and

b} if not, salect one of the available Fnes
(L1, L2, L3, L4) to forward the request to the

CsLAM (10) (106).
14. Method according te claim 13, further compriging

¢} in reaction to b2) receiving the requested sig-
gl frem the DELAM (10) and forward the signal
fo the client (108).

15. Method according to any one of the claims 13 - 14, ,
wherein action b2 further comprises

b2-1) varifying if bandwidth is available cn one
of the lines comprised by the first set of lines
(L1, L2, L3, L4) 1o meet the request (104), and
if mot

b2-2) re-distributing signals lready received via
the Tirst set of lines (L1, L2, L3, L4) over the first
set of ines (L1, L2, L3, L4} to create bandwidth
for the requested signal, if possible.

16. Method according to any one of the claims 13 - 15,
wherein the mathod further comprises

- generating an information message compris-
ing allst of television signals that are being rans-
mitted by the bundling unit (BU) 1o the clients
(CL1 CL2 CL3, CL4),

- transmit the informalion message o at least
one chent (CL1, CL2, CL3, CL4)} to be displayed
on a television sat (TV) of the at least ane client
{CL1. CL2_CL3, CL4).

17. Method according 10 any one of the claims 12 - 18,
wherein the method further comprises

1) receiving at least ong st of program files from
praviding clients (CL1, CLZ, CL3, CL4) compris-
ing Information about program files stored in as-
socialion with certain providing clients,

11} generating a combined st of program files
based onthe at least one recelived listof program
files,

11y tranamitting the combined kst to at laast one
requesting client (CL2Y,

&

16

V) receiving a selection of a program file com-
priged in the combined Eet from a requesting cli-
ent (CLZ2),

V) forwarding the selection to a providing cllent

{CL21). and

Vi) facilitating transmittal of the selected pro-
gram from the providing client (CL1) to the re-
questing clent (CL2).

18. Computer pregram product comprising data and in-

18,

structions thatcen be loaded by 8 computer armange-
ment, allowing seid computer arangament to per-
form the methods according to any one of the daime
1317,

Data carder provided with a computer program prod-
uct as claimed in claim 18,
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METHOD AND APPARATUS FOR PROVISIONING

E ED TRIPLE Y SERVICES
TING COPPER 1D TRU RE

Fi of the i ntion

The present invention relates to the field of providing digital data and
content over a data communication network. More particularly, the present
invention proposes a method and apparatus for provisioning of triple play
services with ensured QoS to subscribers, over existing copper
infrastructure.

Background of the invention

While the delivery of combined voice and data has become widespread in
the recent years, effective addition of video has been a barrier to completion
of the true triple play for several reasons. First, outdated, inefficient video
compression algorithms greatly exceed available bandwidth; second,
bandwidth in the access networks has been insufficient for even compressed
video; and third, the vast majority of today’s Customer Premises Equipment
(CPE) is unable to handle the service segmentation and quality of service
(QoS) requirements that are crucial for voice and video services. Significant
advances in video compression technology make TPTV-based video services,
such as Video-On-Demand (VOD), not only practical, but highly desirable.
These IPTV-based video services include improved content selection and
navigation, no-delay channel changes, VOD and promotions tailored to a
subscriber’s viewing habits and preferences, and connection to other IP
devices and content, such as photographs, music, games, or video contents
located anywhere on the subscriber's network.
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Depending on compression technology used, each channel received from a
service provider video server or distribution point needs as much as 3-4
Mb/s of bandwidth for standard definition TV (SDTV) and 9-12 Mb/s for
High definition TV (HDTV). Broadcast video channels are multicast in
nature. If handled properly by the network infrastructure, the amount of
total bandwidth multicast video consumes between the headend (the control
center of a television system, where broadcast signals are received and
distributed) and RT (Remote Terminal) can be minimized. In addition, video
services such as Video on Demand (VOD) are unicast in nature, ie.,
requiring individual bandwidth streams from the headend to the
eubscriber.

A Triple Play service bundles high-speed Internet access, television (TV
broadeast or Video on Demand) and telephone service over a single
broadband connection. As competition between Multiple System Operators
(a.k.a., Cable Operators) and Incumbent Local Exchange Carriers (ILECs)
over subscribers increases, the ability to offer a Triple Play package that
bundles voice, video, and data services is a dominant factor that determines
the consumer’s final choice. Triple Play service also allows ILECs and
CLECs to expand beyond their traditional voice services. True Triple Play
services used concurrently by family members in one household require
networks that can support higher quality at super-broadband speeds. They
may inelude Point to Point like VOD (specifically requested by one person),
(Point to Multipoint) like broadeasting to multiple users Television over [P,
or gaming (Multipoint to Multipoint). Other services sometimes require a
constant bit rate connection (like an audio stream), a bit rate that can vary
within limits (like streaming video content), or a bursting data rate (like a
query on a web page or file download).
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Solutions such as Fiber-To-The-Home (FTTH) provide the required
bandwidth but require high costs (high upfront investment with long return
on investment). VDSL can provide high bandwidth but is highly limited by
the loop length. ADSL2 and ADSL2+ significantly boost the bandwidth, but
practically cannot serve more than one TV channel and do not support the
large bandwidth required for High-Definition Television (HDTV).

Fixed Wireless Access technologies like WiMax might also be able to realize
the same speeds. However, the number of end-users sharing the wireless

channel capacity is limited.

ADSL doesn’t offer sufficient downstream bandwidth over long enough
distances to be able to reach all customers. Specifically, ADSL cannot
deliver 8 Mbps beyond 6,000 to 8,000 feet. Many Telco customers are 12,000
to 18,000 feet from the nearest RT. ADSL2/2+ increase ADSL bandwidth
but only for shorter distances. Therefore, their effective bandwidth is
fimited.

VDSL provides a lot of bandwidth, but over very ghort distances—3,000 to
4,000 foet and requires Fiber To The Curb (FTTC). Therefore, Telco
companies are required to relocate the serving areas to approximately 4,000
feet between subscribers and RTs (the DSLAM ~ DSL Access Multiplexer)
in order to use VDSL. This of course is costly.

All the methods described above have not yet provided satisfactory
solutions to the problem of allowing Teleo companies - ILECs and CLECs to
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provide cost effective triple play services to their subseribers, while

ensuring voice and video quality.

It is therefore an object of the present invention to allow Telco companies —
ILECs and CLECs providing triple play services to their subscribers, using
their existing access network infrastructure, while ensuring voice and video
quality.

It is another object of the present invention to allow Teleo companies —
ILECs and CLECs providing triple play services to their subsecribers, using
their existing access network infrastructure, while ensuring individual
service quality and priority, especially quality-sensitive voice and video

serVIces.

It is a further ohject of the present invention to allow Telco companies —
ILECs and CLECs providing triple play services to their subscribers, using
their existing access network infrastructure, while provisioning the unigque

requirements of each service

It is still an object of the present invention to allow Teleo companies —
ILECs and CLECs providing triple play services to their subscribers, using
their existing access network infrastructure, while allowing management

and support of the individual services once they are provisioned.

It is yet an object of the present invention to allow Telco companies — ILECs
and CLECs providing triple play services to their subscribers, using their
existing access network infrastructure, in a scalable manner that does not

require upfront investments,
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It is yet another object of the present invention to allow Telco companies —
ILECs and CLECs providing triple play services to their subscribers, over
existing copper lines, at High quality with no need to upgrade the existing
infrastructure.

Other objects and advantages of the invention will become apparent as the

description proceeds.

Summary of the invention

The present invention is directed to a method for providing broadband
services (such as Triple Play services) with assured QoS by
Telecommunication companies (e.g., ILECs, CLECs, Service Providers or
ISPs) to subscribers in a site (e.g., - apartment buildings, office buildings,
Multi Dwelling Units (MDUs), Multi Tenant Units (MTUs) or a campus
deployment) over existing unshielded copper infrastructure in the local loop,
according to which all the bandwidth available on the xDSL lines 1s
aggregated to form a manageable broadband link from all or a part of the
telephone lines that are routed to the site and enabled to be used as xDSL
lines. The wideband services are provisioned to subscribers using the
manageable broadband link, by performing statistical multiplexing and
Dynamic Resource Allocation. The delivery of the multicast content
(particularly video broadcasting), intended for simultaneous use by different
subseribers, is extended Lo reach the site and then the broadband services
are distributed to each subscriber using standard based in-building
distribution.

Preferably, the available bandwidth on the xDSL lines is agegregated using
ML-PPP protocol. In this case, whenever the ML-PPP is implementad via
the U interface at the system side, the BRAS that supports ML-PPP is used
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as the ML-PPP termination (i.e., ML-PPP implementation at the network
side) for the subscriber’s data traffic. If the BRAS does not support ML-PPP
or if a BRAS independent ML-PPP implementation is desired, a dedicated
server is used for supporting the ML-PPP termination at the neiwork side
of the subscriber’s data traffic.

Whenever the network architecture for providing broadband services
complies with TR-101, a dedicated server that resides in the aggregation
network over the V interface is used for forming a broadband ML-PPP
between the V and U interfaces, based on multiple links of PPPoE. The
formed broadband ML-PPP may be used for transferring data and voice.
The IPTV video streaming, received by the server as an IPoE streaming, is
then transferred in an appropriate protocol through the broadband ML-
PPP.

The broadband services may be provicioned based on statistical
multiplexing, according to different subscribers’ and services’ profiles at any
given instance and on a corresponding dynamic resources allocation.
Preferably, the multicast streaming is extended until reaching the site and
then splitting the streaming via the in-building distribution.

The wideband services may be distributed among the subscribers in the site
via Ethernet/LAN cables, Coax cables, Home PNA-3.0, PowerLine, using
wireless communication or any combination thereof. Additional Functions
like QoS Management, Resource Scheduling, Multicasting, Remote
Configuration and Management, Authentication, Security, Policy
Management, SLA Management, Redundancy, Admission Control, Traffic
Accounting and Monitoring, Traffic Filtering, Billing Mediation, Broadcast
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Buffering, File Cashing or any combination thereof may also be provided

along with the broadband services.

The available bandwidth on the xDSL lines may be aggregated using one of
the G.998 series of ITU-T Recommendations.

The provisioning of broadband services may comply with recommendations
of the DSL Forum standards and different network architectures included
therein, particularly as defined in TR-25, TR-58, TR-59, TR-94 and TR-101.

The present invention is also directed to a system for providing broadband
services with assured QoS by Telecommunication companies to subscribers
in a site over existing unshielded copper infrastructure in the local loop,
that comprises:

a) circuitry and software for aggregating all the bandwidth available on all
or a part of the telephone lines that are routed to the site and enabled to be
used as xDSL lines, to form at least one manageable broadband link;

b) software for performing statistical multiplexing;

¢) circuitry and software for performing Dynamic Resource Allocation;

d) circuitry and software for extending the delivery of the multicast content
intended for simultaneous use by different subscribers, particularly video
broadeasting, to reach the site; and

) circuitry and software for in-building distribution of the broadband

services to each subscriber.

If the available bandwidth on the xDSL lines is aggregated using ML-PPP
protocol, the system includes a BRAS that supports ML-PPF as the ML-
PPP termination for the subscriber's data traffic at the network side.
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Alternatively, the system may further include a dedicated server for
supporting the ML-PPP termination at the network side of the subscriber’s
data traffic, whenever the BRAS does not support ML-PPP or whenever a
BRAS independent ML-PPP implementation is desired. Also, a dedicated
server that resides in the aggregation network over the V interface may be
included, for forming a broadband ML-PPP between the V and U interfaces,
whenever the network architecture for providing broadband services
complies with TR-101.

Preferably, the system comprises circuitry and software for extending
multicast streaming until reaching the site and circuitry for splitting the
sfreaming wvia the in-building distribution, as well as circuitry and
associated software for providing the above additional functions.

Brief Description of the Drawings
The above and other characteristics and advantages of the invention will be
better understood through the following illustrative and non-limitative
detailed description of preferred embodiments thereof, with reference to the
appended drawings, in which:
- Fig. 1 schematically illustrates the general architecture of the
proposed  solution, according to a preferred embodiment of the invention;
- Fig. 2 schematically illustrates an exemplary concept of the
proposed solution, according (o a preferred embodiment of the invention;
Fig. 3 schematically illustrates the platform implemented for in-
building service distribution options, according to a preferred embodiment
of the invention;
Fig. 4A schematically illustrates the architecturs for provisioning
triple play services to subscribers with in-building distribution over existing
copper infrastructure, according to a preferred embodiment of the invention;
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Fig. 4B schematically illustrates the architecture for provisioning
triple play services to subscribers with in-building distribution over
Ethernet cables, according to a preferred embodiment of the invention;
- Fig. 4C schematically illustrates the architecture for provisioning
triple play services to subscribers with wireless in-building distribution,
according to a preferred embodiment of the invention;
. Iig. 5 is a block diagram of the system for provisioning triple play
services with ensured QoS to subscribers over existing copper
infrastructure, according to a preferred embodiment of the invention;
- Fig. 6 (prior art) schematically illustrates the process of DSL
Bonding with ML-PPP;
- Fig. 7A (prior art) schematically illustrates a Multi Service
Reference Model taken from TR-58;
- Fig. 7B (prior art) schematically illusirates a High Level
Architectural Reference Model taken from TR-59;
- Fig. 7C schematically illustrates the a network architecture that
includes a specific server that is installed in the network to perform the
BRAS functionalities related to the ML-PPP termination, according to a
preferred embodiment of the invention:
- Fig. 7D (prior art) depicts the network architecture considered in
TR-101;
- Fig. 8A (prior art) illustrates the protocol stacks at the U interface;
- Fig. Fig. 8B (prior art) illustrates the protocol stacks at the V
interface;
- Fig. 9 (prior art) illustrates a common network topology when using
TR-101; and

TFig. 10 illustrates Multi Edge network architecture, according to a

preferred embodiment of the invention.
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Detai cription o invention

The present invention proposes a method and system for providing
residential and commercial Triple Play broadband services by
Telecommunication companies (ILECs, CLECs) or service providers to
apartment buildings - Multi Dwelling Units (MDU), office buildings — Multi
Tenant Units (MTU), condominiums, and other campus deployments over

the existing copper infrastructure.

The system proposed by the present invention combines implementation of
all the functions needed to deliver these services, so as to fulfill the
requirements which are essential to provide high quality Triple Play
services. These requirements include: Bandwidth, oS management,
Availability and Security, in addition to other highly desirable
requirements to provide efficient and profitable services. It can meet all of
these requirements in a single appliance located adjacent to the Network
Interface Unit (NIU/NID) — the MDF - of each building (before the

Demarcation Point).

The proposed system serves as a platform that performs the following
functions: Bandwidth Aggregation, Statistical Multiplexing, Resource
Scheduling, Multicasting, QoS Management, In Building Distribution,
Admission Control, Remote Management, Authentication, Redundancy
(High Availability), Policy Management, Security, SLA Management and
optionally: Traffic Accounting and Monitoring, , Traffic Filtering, Billing

Mediation.

The system utilizes part or all of the existing copper twisted pair telephone
lines, routed to an MDU, as bonded DSL links, while aggregating all their
available bandwidth to form one "Fat Pipe". The formed broad bandwidth
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"Fat pipe" is than used for the provisioning of the Triple Play services based
on Statistical Multiplexing, Dynamic Resource Allocation, and Multicasting.
In building distribution is performed, based on Standards, such as: Home
PNAS.0 or PowerLine, or LAN Cable, or Coax, or Wireless. The combination
of all this functions with the way in which all the Twisted Copper Pairs
routed to the building are used to achieve the required bandwidth, the
dynamic allocation and the statistical multiplexing of the available
resources, the Multicasting, the QoS, Policy and SLA management and the
remote configuration combined with all the other functions enable Telco
companies to deliver high quality Triple Play services using their existing
network, maintaining and preserving their installed base of unshielded

twisted pair in the local loop.

The system proposed by the present invention allows ILECs to deliver True
Triple Play to Multi Dwelling Units (MDUs) over existing copper lines at
High quality, without a need to replace or even upgrade the infrastructure
and at a far lower cost than any other known alternative (such as FTTH,
FTTC/VDSL FTTB/VDSL etc). ILECs can provide multi-channel TV,
HDTV, VOD, ultra-high-speed data and VoIP over their existing installed
base of unshielded twisted pairs in the local loop.

In order to deliver commercial Triple Play services acceptable Quality of
Service requirements must be met. By deploying such highly integrated
systems, service providers can expand their offerings easily and cost
effectively, better manage and control traffic, and accelerate the delivery of
triple play services. The end result is a quicker time to market and an
assured user experience of Triple Play services over the existing copper
infrastructure.
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The proposed platform performs the following functions: Bandwidth
Aggregation, Statistical Multiplexing, Resource Scheduling, Multicasting,
QoS Management, In Building Distribution, Admission Control, Remote
Management, Authentication, Redundancy (High Awailability), Policy
Management, Security, SLA Management and optionally: Traffic
Accounting and Monitoring, , Traffic Filtering, Billing Mediation.

Fig. 1 schematically illustrates the general architecture of the proposed
solution, according to a preferred embodiment of the invention. The system
10 that is installed in the building aggregates the bandwidth of all incoming
DSL lines into a wideband link and it's bandwidth is then dynamically
allocated.

Fig. 2 schematically illustrates the concept of the proposed solution,
according to a preferred embodiment of the invention. The incoming lines
may be ADSL lines, ADSL2 lines, and ADSL2+ lines or a combination of

these lines.

System 10 performs bandwidth aggregation from all incoming lines. For a
building consisting of n apartments there are at least n telephone lines
(copper twisted pairs) already installed by the Telco company (ILEC) in
order to provide Plain Old Telephone Service (POTS). These n lines
terminate in a Network Interface Unit or Device (NIU/NID) the MDF in the
building. From the MDF cabinet, each copper pair is routed to an
apartment and terminated by a telephone set.

Each telephone line can be enabled to be a DSL line to carry digital data, in
addition to the circuit switch telephone voice. DSL is a family of
technologies that provide digital data transmission over the wires used in
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the "last mile" of a local telephone network. The most common DSL
technology is ADSL. ADSL standard can (theoretically) deliver 8 Mbit/s
over about 2 km (1% miles) of unchielded twisted pair copper wire. All the
available bandwidth is aggregated from all or part of the lines rolled out to
the building as DSL enabled links, into one broad manageable link of a
bandwidth equal to n times each DSL line bandwidth. Several known
techniques may be used to implement the bandwidth aggregation {these
techniques are sometimes called "Loop Bonding") and will be described

below.

After the DSL loops have been honded, the resultant aggregated link is
used for the provisioning of the wideband services, including true Triple
Play, to the various customers in the building based on Statistical
Multiplexing and Dynamic Resource Allocation. In this manner, the
required bandwidth for such service can be achieved based on the following
logical assumptions:

e first, not all households are necessarily customers of the service.

e second, not all users use the service simultaneously

e third, not all connected users consume the same service concomitantly
(Web browsing, file downloading, watching TV broadcast, ValP
conversation, etc.) .

+ fourth, part of the data is delivered in bursts;

e fifth: the managed resources are allocated to subscribers dynamically.

The system proposed by the present invention can save bandwidth also
when video content is delivered by multicasting. Multicast is the delivery of
video streams (video broadcast channels) to a group of destinations
simultaneously using the most efficient strategy to deliver the video
streams over each link of the network only once, creating copies only when
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the links to the destinations split. Significant part of the traffic is expected
to be IPTV broadeast. During multicasting, only one stream is required for
multiple audience of the same broadcast. Usually Multicast is brought all
the way from the video server, located at the service provider to the DSL
aggregation point (the DSLAM- DSL Access Multiplexer) and then is split
to each individual subscriber. System 10 extends the multicasting to the
MDU, while splitting the streams through the "In Building Distribution” as
described below. This saves precious bandwidth in the last mile, which is
the most critical part and bottle neck of the network - the access network.

The proposed system is located adjacent to the building MDF, as shown in
Fig. 4A. In building service disiribution to each apartment, as shown in Fig.
3 is implemented based on one of the following methods: LAN cable — CAT5;
Coax; HPNA 3.0 standard; PowerLine; Wireless.

Service Example

The following service example describes an MDU of a building with 50
apartments. There are at least 50 telephone lines which can be used as
DSL enabled links, Either ADSL ADSL2 ADSL2+ or any combination of
them. It is assumed that the service provider has a relatively high
penetration level of 40%, ie. the serviee provider has 20 subscribers
(customers) in this building. It is also assumed that only 36 copper lines
(out of the 50 available) are used as ADSL links. Each link provides 5Mb/s
data rate (for short enough loop length the standard can reach 8Mb/s). After
bonding all these links and aggregating all the available bandwidth, system
10 forms one broad pipe of (36x5) 180Mb/s, as shown in Table 1. If more
bandwidth is needed more links can be added to the “pipe” (the 50-36=14
unused lines) and if and when ADSLZ2/2+ will be available, broader
bandwidth pipes can be formed by simply reconfiguring system 10.
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The following example desecribes a service scenario for such MDU in a
typical demand. In this example 43 users (at the 20 households which are
subscribers of the wideband service) are served as follows:

17 users are watching 6 High Definition TV broadcast channels.

5 users are watching 2 Standard Definition TV broadcast channels,
2 users are watching High Definition Video on Demand.

5 users are making VoIP calls

10 users are surfing the Web.

To provide this service demand a total bandwidth of 109Mb/s iz required
out of the 180Mb/s available, as shown in Table II.

[Bedize -~ - |77V Broadzast [BC1|BC 2] BLI| BLA | BL6 | BCE 501 |502] Vol (HOTV) | VolP | ntemet] Usars| Sub.
Sut. Por sorice 2 2 § | =0 | 43 | @0
HOTV Eroadoast AENFEFEE

SOTV Broadcast 3| 2 1
Total Alocaied BW 12| 1z |12 (12 [z [ 12| 4 | 4 ] Tl 4 e |
Tetal Avaliable BAW ] 00 " af | i T TR e P ST T s Ry A b O B R « 80

The following additional example describes a service scenario for such MDU
in an extreme demand. In this example, 67 users (at the 20 households
which are subscribers of the wideband service) are served as follows:

24 users are watching 6 High Definition TV broadeast channels.

b users are watching 2 standard Definition TV broadcast channels.

4 users are watching High Definition Video on Demand.
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15 users are making VoIP calls
20 users are surfing the Weh.

To provide this service demand a total bandwidth of 140Mb/z is required
out of the 180Mb/e available, as shown in Table I11.

Table I
[Fovice . 7 TV [BCT[BC 2[BC3 [BC# [BCS [BCE [SD1 [502[VoD [HOTV) [VolP Liers (5. {oh]
Sub. Per gendce FI] 4 15 20 BT a0
HOTW Broadcas =] a 4 E] 2 1
STV Broad: iz
Total Allocatmd B 12|42 (42| 12 112 112 | 4 | 4 48 4 B 140 - ¢
Tolal Avadlabls BYW =1807"

Tt is assumed that 12Mb/s is required for HDTV channel though 9-10Mb/s is
sufficient for MPEG4. There is still additional 40Mb/b margin left to fulfill
even higher demand. For even more extreme cases there are gtill (50-36) 14
more unused lines that can be added by the service provider as required to
provide for additional (5x14) 70Mb/s to this particular MDU. For even more
extreme cases, (which are very rare with extremely low probability to
happen), exceeding the available resources, the “Admission Control” (see
below) comes into action according to its algorithms and the service
provider policy.

Other requircments essential for the successful delivery of the service are
also fulfilled by system 10, which functions as a platform, on which all these

requirements are met while providing prominent advantages.

The platform implemented by system 10 is located adjacent to the building
MDF, as shown in Fig. 3. In building service distribution to each apartment
is implemented based on one of the following methods: LAN cable — CATS;
Coax: HPNA 3.0 standard; PowerLine; Wireless. The terminal devices that

Charter Communications, Inc.

Exhibit 1008
Page #1177



WO 20077116411 PCT/IL2Z007 000470

17 -

may consume the broadband service may include a PC 301, a home server
302, a TV STB 303, a PDA 304, a gaming console 305, a VOIP phone 306, a

security camera 307 or a Home Network sharing device 308.

Fig. 4A schematically illustrates the architecture for provisioning triple
play services to subscribers with in-building distribution over exisling

copper infrastructure, according to a preferred embodiment of the invention.

Fig. 4B schematically illustrates the architecture for provisioning triple
play services to subscribers with in-building distribution over Ethernet
cables, according to a preferred embodiment of the invention.

Fig. 4C schematically illustrates the architecture for provisioning triple
play services to subseribers with wireless in-building distribution, according

to a preferred embodiment of the invention.

Fig. 5 is a block Diagram of the system for provisioning triple play services
with ensured QoS to subscribers over existing copper infrastructure,
according to a preferred embodiment of the invention.

System 10 provides the required bandwidth by combining the traditional
copper telephone lines, used for DSL, to form one broad, manageable data
pipe. This is accomplished by one of the following ways:

Several DSL Forum protocol models for accessing data networks utilize the
Point-to-Point Protocol (PPP) to carry packets over the “U” interface
(described with respect to Figs. TA to 7C below). Because of the widespread
use of PPP, Multi Link PPP (ML-PPP) can be used for DSL Bonding. ML-
PPP as defined in RFC 1990 can be used to combine multiple PPP links into
a single virtual bundle. At the transmitting side, ML-PPP takes a PPP
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packet, optionally fragments it and generates a new ML-PPP header. Each
resulting fragment (or a whole packet) is transmitted across a separate
physical link. At the receiving side, the per-fragment headers are used to
reconstruct the complete packets. This process is represented schematically

in Fig. 6.

The Multi Link PPP (MLPPP) protocol has the following advantages
regarding DSL link bandwidth aggregation method (DSL bonding):

» Standard well known widely used protocol

o Capable of asymmetric operation over ADSL, ADSL2, ADSL2+ and
VDSL

« Allows routing of delay sensitive traffic over a single link via PPP,
bypassing the ML-PPP bundle and an associated delay in ML-PPP
processing

¢ When implemented with multi-class extensions, provides additional
support for traffic of different priorities or claeses.

« Provides the flexibility to the distribution of fragments to links and
therefore, freedom to accommodate links of different bandwidth, thereby
supporting dynamic link rate changes.

The proposed solution fully complies with recommendations of the DSL
Forum standards, in particular as defined in the following Technical
Reports (TRs):

« TR-25 - Core Network Architecture Recommendations for Access to
Legacy Data Networks over ADSL

s TR-58 - Multi-Service Architecture & Framework Requirements

e TR-59 - DSL Evolution — Architecture Requirements for the Support of
QoS-Enabled IP Services
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+« TR-94 - Multi-Service Delivery Framework for Home Networks
+« TR-101 - Migration to Ethernet-Based DSL Aggregation

Fig. TA (prior art) schematieally illustrates a Multi Service Reference
Model taken from TR-58.

Fig. TB (prior art) schematically illusirates a High Level Architectural
Reference Model taken from TR-59.

The ML-PPP is implemented via the T interface at the system side (The U
interface protocol stacks are specified below).

At the network side, The ML-PPP is implemented at the Broadband Remote
Access Server (BRAS). The BRAS is the aggregation point for the
subscriber's data traffic. It provides aggregation capabilities (e.g., [P, PPP,
ATM) between the Regional/Access Network and the NSP or ASP. In
addition to aggregation, it iz also the “injection point” for policy
management and IP QoS in the Regional/Access Networks.

Commercial BRAS implementations can support the MLPPP protocol. All is
needed in this case at the network side for the above network architecture
ia to configure the BRAS for MLPPP. Thus, system 10 in this case is single
sided single box solution that does not require any changes in the network
topology (except BRAS configuration for ML-PPP).

There might be cases in which ML-PPP configuration in the BRAS is not
possible or is not desirable or cases in which an independent solution or
system testing is desirable. For such cases, a specific server 701 can be
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installed in the network to perform the BRAS functionalities related to the
ML-PPP implementation, as depicted in Fig, 7C. This solution is carried out
by software and there is no need for the BRAS to support ML-PFP.

DSL Forum TR-101 outlines how an ATM aggregation network can be
migrated to an Ethernet based aggregation network in the context of TR-25
and TR-59 based architectures. The TR-101 provides an
architectural/topological model of such an Ethernet based aggregation
network that supports the busmeaa requirements in TR-058. It describes
requirements for protocol translation and interworking, QoS, multicast,

security, and OAM for a DSL aggregation network.

TR-101 defines a new access network topology where the connectivity
between the Access Node and the Broadband Network Gateway is Ethernet
based rather than ATM. Access nodes can be directly connected or can go
through an aggregation layer(s) before reaching the Broadband Network
Gateway.

TR-059 based architectures assume a single Broadband Network Gateway
(e.z., BRAS) where user services are performed. TR-101, however,
recognizes the potential for service segregation. Some applications, such as
video, may have specific enough requirements from the network that they
are best optimized separately from other types of traffic. The architecture
described in TR-101 supports the possibility for a dual Broadband Network
Gateway (BNG) scenario when required for video optimization. When used,
the BNG dedicated to video is denoted as the ‘video BNG'. Such an approach
may have additional complexities not present with a single BRAS/BENG
arrangement described in TR-059. This is most notable with respect to
traffie/bandwidth management and the resulting network efficiency, as well
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as the additional operations overhead. Furthermore, in dual node
a.rchitéctu:tes, it is not mandated that both BNGs eupport all of the
requirements detailed in TR-101. Specifically, the video BNG may not
implement subscriber management functions (e.g., PPP termination, per
user QoS), provided that these functions are likely to be performed by the
other BNG. Fig. 7D (prior art) depicts the network architecture considered
in TR-101. The fundamental changes from current deployment

architectures are:

s V interfance that supports Ethernet as the transport protocol with no
ATM present.

e An Ethernet aggregation network

e The possibility of dual Broadband Network Gateways

e Higher bit rate services (e.g. by supporting Access Nodes nearer the
end-user)

e Higher network availability (in support of application and business
customer needs)

« T interface that could support direct Ethernet framing over DSL.

Similar to the TR-059 architecture, the architecture depicted in Fig. 7D
uses a Broadband Network Gateway for providing IP QoS down to the user
level. TR-059 also supported legacy ATM services that may not have
traversed the BNG. Similarly, the architecture described within this
document (TR-101) also enables services to be injected into the network
without going through a single Broadband Network Gateway.

Fig. 8A (prior art) illustrates the protocol stacks at the U interface.

Option ‘a‘ is denoted TPoE0ATM and option b’ is denoted PPPoEoATM.
Option ‘¢ is denoted TPoA and option ‘d’ is denoted PPPoA.
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Options ‘e’ and ‘f represent those scenarios when the access loop supports
direct Ethernet encapsulation and are referred to as IPoE and PPPoE.

Similarly, Option ‘g’ represents a pure Ethernet service where there is no
visibility above layer 2. Both options ‘a’ and ‘e’ are commonly referred to as
IPoE and options b’ and ‘f* are referred to as PPPoE.

Those options where Ethernet is included in the protocol stack may also
include 802.1Q headers to carry Virtual LAN (VLAN) tags and priority
markings.

The PPP is the protocol that allows the carriers to connect the customers to
different ISP's/CSP's and allow them to authenticate the customers via
Remote Authentication Dial-In User Service (RADIUS) protocol and provide
them with the services they are paying for through Lightweight Directory
Access Protocol (LDAP) database in the back office.

Fig. 8B (prior art) illustrates the protocol stacks at the V interface.

DSL Forum’s TR-101 defines the network topologies for supporting multiple
services using Ethernet networks. Unlike its predecessor, TR-101 does not
mandate a single topology but rather allows several variations. One new
alternative is support for IP over Ethernet (IPoE) encapsulation. IPoE
extends several LAN-based protocols, including Dynamic Host
Configuration Protocol (DHCP, which is a communications protocol that lets
network administrators centrally manage and automate the assignment of
Internet Protocol (IP) addresses in an organization's network) to allow

using a broadband network.

Fig. 9 (prior art) illustrates a common network topology when using TR-
101. TR-101 does not advocate using IPoE over PPPoE, but rather allows
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the broadband provider to select when to use each alternative. Since DHCP
was designed for use on a shared LAN, its capabilities complies with the
requirements for sending common data traffic to many users. Traditional
broadeast television is an example of this case. As a result, IPoE/DHCP is
typically used for delivering IPTV data traffic. In contrast, PPPoE more
closely meets the needs of point-to-point broadband connections such as
data and VoIP, since il was designed to support this environment.
Broadband networks have been using PPP for many years, while DHCP is a
recent entrant into this market. Today, existing unicast services are offered
uging PPP and there is little impetus to move away from using it. In fact,
many broadband service providers prefer to stick with PPPoE, since it is
more functional and mature than IPoE/DHCP, eliminates the need to
retrain operations personnel, and lowers the risk of adding new subseribers
and services, The most common broadband implementation, therefore, is to
use TPoE/DHCP to support TV and other services across the broadband
network to the Set-Top-Box (STB, which is a device that converts signals to
be viewable images on TV), while using PPPoE to support services to other
devices such as PCs and VolP phones. Businesses receive all broadband
services typically via PPP while residential subscribers receive services via
both technologies.

The solution proposed by the present invention can also be adjusted to be
used by multiple edge routers. Many organizations would like to use the
same simple edge switch and DSLAM access networks, but manage the
services separately in the metro network using different edge routers. This
is most common if another organization (either another group within the
same broadband service provider or a contracted third party) provides the
IP video services. This scenario is depicted in Fig. 9.
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Fig. 10 illustrates a Multi Edge Network architecture, according to a
preferred embodiment of the invention. At the side of system 10, the
architecture is similar to all other cases. At the network side, one or more
servers 101 are installed in the Aggregation Network. The higher in the
aggregation hierarchy the less servers are needed per DSLAMs served by
each server 101 (thereby reducing the system per subscriber cost, at the
expense of less redundancy).

The server 101 is configured to create ML-PPP data pipe between system 10
(at the U interface) and server 101 (at the V interface). Such a data pipe is
created per each system 10 in the network. In addition, server 101 receives
the IPTV streaming video reaching it as IPoE, and transfers it to the
respective destination in an appropriate protoeol through ML-PPP data
pipe, in addition to the VoIP and the data traffic.

When building an IPTV-capable broadband network, one important issue is
VLAN design. VLANSs limit the broadcast domain, potentially ensuring that
subscribers cannot see each other's information and reducing network
traffic. VLLANs allow the network to logically segment the network into
multiple communities by “tagging” each packet with a field which identifies
packet ownership. VLAN usage is standardized as IEEE 802.1Q, and are
sometimes called “VLAN tags” or “Q-tags”. There are two fundamental
VLAN design options:

1. Customer VLAN: In this model, there is a dedicated VLAN for each
subscriber. This is also called the 1:1 model since there is one VLAN per
subscriber.

2. Service VLAN: In this model, there is a dedicated VLAN for each service.

This is also called the N:1 model since multiple subseribers share each
VLAN.
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System 10 can be adopted for each of the two fundamental VLAN design
options,

In addition, system 10 can be configured to support other posaible Loop
bonding technigques that are used to implement DSL bonding according to
the (.998 series of ITU-T Recommendations, which simply increases the
data rate in proportion to the number of bonded lines. Two bonded lines will
double the data rate for both upstream and downstream. Likewise three
bonded lines will triple the data upstream and downstream rate, and so on.
Thiz is independent of the DSL technology (ADSL, VDSL etc). The
following three differeni types of bonding offer multiplexing of various
service data streams (Ethernet, ATM, TDM) over multiple DSL links:

Recommendation G.998.1 ‘ATM-based multi-pair bonding’ describes a
method for bonding of multiple digital subscriber lines (DSL) to Lransport
an ATM payload beyond the rate/reach capability of a single DSL loop.

The bonding protocol allows the bonding of 2-32 loops (copper wire pairs)
and supports dynamic removal and restoration of pairs without human

intervention. The maximum one-way bonding delay will not exceed 2 ms.

Recommendation G.998.2 ‘Ethernet-based multi-pair bonding’ describes a
method for bonding of multiple digital subseriber lines (DSL) for Ethernet
transport. This Recommendation builds on the IEEE 802.3ah-2004 methods
and extends Ethernet transport over other xDSL technologies, including
ADSL.

Recommendation (.998.8 ‘multi-pair bonding using time-division inverse
multiplexing’ describes a method for bonding of multiple Digital Subscriber
Lines (DSLs) using Time-Division Inverse Multiplexing (TDIM)., This
Recommendation uses IEEE 802.3ah handshake for pair discovery,

PCT/IL2Z007 000470
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parameter negotiation and setup. It allows the hitless addition and removal

of pairs and the fast removal of a pair upon pair failure. '

In addition to bandwidth aggregation and dynamic resource allocation,
gystem 10 is configured to provide Quality of Service (KoS) management.
The QoS implementation allows delivery of high-priority video and
premium data traffic. The use of hierarchical scheduling for QoS allows
bandwidth management between requests for a single end user and
controlled bandwidth distribution between different user types.

When sharing network resources with other services, mosi services also
needs some form of ‘Quality of Service’, in order to ensure the quality of the
service can be what the end-user expects. Requirements on the network to
support Quality of Service differ from service to service. For example a
telephony service will have more stringent quality of service requirements
then a more ‘general’ Internet access service (browsing websites). Usually
the following “Quality of Service parameters” are used to express how the
network can support a certain quality to a service (telephony, video, or

internet):

Delay/Delay Variations (Jitter): Services that have to be delivered
almost ‘real-time’ (like the VoIP telephony service) often have more
stringent requirements regarding the delay and variation in delay than non
Real-Time services (like file downloads). A VOD service is less susceptible to
delay, since often the video stream is ‘buffered’ for several seconds in the
player in order to be able to adjust hick-ups in the network.

Packet Loss: A low packet loss iz usually more important for services that
cannot retransmit their information when it was in error. This is the case
with most of the ‘real-time’ services which do not have the time to do this
(if they retransmit an erroneous packet the retransmission will come most

likely to late to use, since that video or audio scgment has already passed).
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In order to make sure that delay (variation) and packet loss requirements
can be fulfilled for specific traffic flows under network congestion
conditions, system 10 implements “Quality of Service mechanisms”. These
mechanisms consist of implementing the tagging (marking) of certain types
of traffic (e.g. voice- or internet-traffic) and using this to serve e.g., voice
traffic with a higher priority than the internet traffic (which has to wait a
bit longer than the voice-traffic to be transmitted).

The traditional packet scheduling mechanism on the Internet has been
first-in, first-out (FIFO) scheduling, by which packets are transmitted in
the same order in which they arrive in the output gueue. FIFO is simple
and easy to implement but cannot differentiate between multiple data
flows: hence, FIFO cannot allocate specific performance bounds for a flow,

or prioritize one flow over the others.

Weighted Fair Queuing (WFQ) is a scheduling discipline, according to
which flow differentiation occurs in scheduling. In WFQ, each flow or traffic
class is assigned a weight, and the rate at which a flow or a traffic class is
serviced is proportional to its assigned weight. WFQ provides prioritization
among unequally weighted traffic flows and fairness and protection among
equally weighted traffic flows as per the max-min fair-share allucation

scheme.

Packet dynamics in a network can make the network prone to occasional or
constant congestion. At times when a network doesn't see traffic congestion,
any scheduling scheme works, because no queues build. When some
network congestion exists, however, queues build upon, and the scheduling
mechanism determines the order in which the packets in the queue are

serviced.

For the scheduling algorithm to deliver QoS, at a minimum it needs to be
able to differentiate among the different packets in the queue and know
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each packet's service level. Such a scheduling algorithm should allow
guarantees on performance bounds by allocating resources on a flow basis
and/or by prioritizing one flow over the other. In addition, a scheduling
algorithm is needed that provides fairness and protection among the flows
with the same priority, such as all best-effort traffic flows.

Security in general is important for services that carry some privacy
sensitive information (like the content of a telephone conversation or home
banking), or content that has a certain commercial value (like on demand
movies). These services need some level of protection so that only the
intended recipient can receive and use this information. This type of
security is usually implemented on a ‘higher level’ than by the network
itself, often this is done by the (service related) client and server (like a
software plaver or set top box for the on demand video). Network level
security consists of more general security functions like some sort of “traffic
separation” between different users by means of port based traffic switching
or Virtual LANs and/or the possibility to bulk encrypt” all the traffic
between user and central office. The segregation of traffic function is often
used to make sure that traffic of customers served by one Service Provider
do not interfere with the traffic generated by customers of a different
Service Provider and is especially important for “open broadband networks®

which give access to multiple Service Providers.

Most current internet-based services have low availability requirements as
they are often [ree of charge and do not perform ‘critical’ services. However,
this situation is changing as the existing services such as telephony and
broadeast TV will also be offered over the Internet (Voice over IP, Digital
TV over IP) via the different types of broadband networks. For these

services often the user will have to pay a fee and has an expectation that
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the availability is similar as the service that was offered in the ‘traditional’
way. The uninterrupted availability and reliability is provided by system 10
using its built-in redundancy.

Policy management allows operators to establish subscriber and service
parameters that dynamically provide access to a choice of service levels, as
well as a mechanism to better manage and bill for these services, System 10
supports dynamiec, network control, according to policy, thereby helping
service providers to deliver highly customized business and consumer
broadband services while reducing total cost of network ownership. Policies
can be created to account for a wide range of user and service attributes,
such as user identity, user location, user service level, time of day, available

network resources, or network-use restrictions,

In order to provide any predictability or guarantee for transport QoS, there
must be some end-to-end control of how much traffic is allowed into each IP
QoS service class. Even a strict priority queue does not provide guaranteed
service if too much traffic is entered into it. This is why resource based
admission control is required. The ability to deny a session by means of
admission conirol 18 a powerful tool for the service provider. Some of the

benefits provided are:

If there are n sessions in a service and session n+l is denied, based on
resource based admission control, the guality of the n established sessions
is consistently protected. If an additional session n+l is admitted, the
service provider would risk facing n+1 unsatisfied subscribers who pay a
premium fee for a guaranteed QoS service which in essence, is being
degraded by faulty admissions.

Resource based admission control relates to bandwidth management (as
bandwidth is the resource being controlled). An admission control function
should combine policy based and resource based admission control. There
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can be a range of non-resource based policies in place to support
sophisticated business models of the service provider. Admission control

decisions are combined policy based and resource based decisions.

System 10 can significantly reduce service providers’ operational expenses
by enabling automatic connection, configuration, and provisioning of initial
broadband services, as well as allowing subscriber self-provisioning for
adding new services or changing existing services once they have become a
broadband customer. It allows provider staff at a ceniral location to
manage quality-sensitive triple play zervices such as VoIP and video. It
automates a variety of tasks, thereby saving significant amounts of human
hours, including management of: centralized Virtual Private Network
(VPN, which is a network that uses a public telecommunication
infrastructure, such as the Internet, to provide remote offices or individual
users with secure aeccess lo their organization's network), Grewall
firmware, and configuration administration, real time single-device
management and automated tasks for mass CPE, new service provision and

integration with provider billing systems.

System 10 simplifies provisioning and management of all IP-based services
and devices at the customer premises for reduced errors and lower

operational costs,

System 10 can also deliver differentiated service levels to different classes
of subscribers and price them accordingly based on SLA, e.g., premium

service or service packages.

System 10 can (optionally) monitor filter and prevent or block users’ access
to unsuitable content. When the filter is activated, users cannot open or link
to sites that the filtering rules recognize as unsuitable, (e.g., pornographic
sites). Filtering of incoming and outgoing email can also be provided. Since
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different groups of users may require different filtering, System 10 enables
the tailoring of individual subscriber's requirements. System 10 can also
manage attempted access to blocked resources or emails econtaining
inappropriate language or material. For example, if a keyword
matching/blocking algorithm identifies a match, it might either not display
the offending page or email at all or display it but with the offending

content chscured or stripped out.

IP traffic accounting and network monitoring makes it easy fo count custom
IP packets and troubleshoot problems saving network administration
efforts. It captures all, but count only useful data. It creates counting rules
for a single host, for a subnet, for a specific group of hosts, it supports a
traffic accounting per any IP protocol with splitting traffic per port
numbers. It allows real-time visualization of traffic activity on graphie
charts. The traffic counters or the custom packet headers can be stored in a
database, thereby providing the ability to build various traffic reports or
traffic traces per month or/and per day.

System 10 can also provide authentication services that are required for
authorizing a service provider administrator to access all the remofe
configuration functions as described above. In addition authentication is
required to let authorized subscribers to access data which is relevant to
them.

Sinee software can generate traffic volume statistics based on the number
and origin of the records passing through it, those statistics could then be
used for capacity planning or as part of a network monitoring procedure, as
well as Billing Mediation, used to convert one type of data to another, for
billing purposes. It is used to process IP Detail Record (IPDR) which

provides information about IP-based service usage
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Video streaming applications typically employ large buffers (between 30
seconds and several minutes) at the receiving end. This helps avoiding any
delay, jitter or packet loss. As long as the required bandwidth is
euaranteed, the receiving application should be able to effectively deal with
any other QoS requirements. System 10 can provide file cashing, so as to
obtain more efficient access to frequently-visited Internet pages by holding

them in local memory.

The above examples and description have of course been provided only for
the purpose of illustration, and are not intended to limit the invention in
any way. As will be appreciated by the skilled person, the invention can be
carried out in a great variety of ways, employing more than one technigue

from those described above, all without exceeding the scope of the invention.
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Claims:
1. Method for providing broadband services with assured QoS by
Telecommunication companies {o subscribers in a site over existing

unshielded copper infrastructure in the local loop, comprising:

a) forming at laast one manageable broadband link from all or a part of the
telephone lines that arve routed to said site and enabled to be used as xDSL
lines, by aggregating all the bandwidth available on said xDSL lines;

b) provisioning said wideband services using said manageable broadband
link to subscribers, by performing:

b.1) statistical multiplexing;

b.2) Dynamic Resouree Allocation:

¢) extending the delivery of the multicast content intended for simultaneous
use by different subscribers, particularly video broadeasting, to reach said
site; and

d) performing in-building distribution of said broadband services to each

subsecriber.

2. Method according to claim 1, wherein the broadband services include
Triple Play.

3. Method according to claim 1, wherein the site is selected from the
following group:

- apartment buildings;

- office buildings;

- Multi Dwelling Units MDUs);

- Multi Tenant Units (MTUs);

- a campus deployment,
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4. Method according to claim 1, wherein telecommunication companies
include:

- ILECs;

- CLECs;

- Service Providers;

-15Ps

5. Method according to claim 1, wherein the available bandwidth on the
xDSL lines is aggregated using ML-PPP protocol.

6. Method according to claim 5, wherein whenever the ML-PPP is
implemented via the U interface at the system side, the BRAS that
supports ML-PPP is used as the ML-PPP termination for the subscriber’s
data traffic at the network side.

7. Method according to claim 6, wherein whenever the BRAS does not
support ML-PPP or whenever a BRAS independent MIL-PPP
implementation is desired, a dedicated server is used for supporting the
ML-PPP termination at the network side of the subscriber’s data traffic.

8. Method according to claim 5, wherein whenever the network architecture
for providing broadband services complies with TR-101, a dedicated server
residing in the aggregation network over the V interface is used for forming
a broadband ML-PPP between the V and U interfaces, based on multiple
links of PPPoE.

9. Method according to claim 8, wherein the formed broadband ML-PPP is
used for transferring data and voice.
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10. Method according to claim 8, wherein the formed broadband ML-PPP is
used for receiving the IPTV video sireaming based on IPoE and for

transferring the video streaming in an appropriate protocol over said
broadband ML-PPP.

11. Method according to claim 1, wherein the broadband services are
provisioned based on statistical multiplexing, according to different
subscribers’ and serviees' profiles at any given instance and on a

corresponding dynamie resources allocation.

12. Method according to claim 1, wherein multicast streaming is extended
until reaching the site and then splitting said streaming via the in-building
distribution.

18. Method according to claim 1, wherein the wideband services are
distributed among the subscribers in the site via one of the following

means:

- Ethernet/LAN cables;

- Coax cable;

- PowerLine;

- wireless communication; or

- any combination thereof.

14. Method according to claim 1, further comprising providing one or more
“of the following functions along with the broadband services:

- QoS Management;
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- Resource Scheduling;

- Multicasting;

- Remote Configuration and Management;
- Authentication;

- Security;

- Policy Management;

- SLA Management:

- Redundaney;

- Admission Control;

- Traffic Accounting and Monitoring;
- Traffic Filtering;

- Billing Mediation;

- Broadeast Buffering;

- File Cashing; and

- any combination thereof.

PCT/IL2Z007 000470

15. Method according to claim 1, wherein the available bandwidth on the
xDSL lines is aggregated using one of the G.898 series of ITU-T

Recommendations.

16. Method according to claim 1, wherein the provisioning of broadband

services complies with recommendations of the DSI, Forum standards and

different network architectures included therein, particularly as defined in

the following Technical Reports (TRs):
- TR-25;
- TR-58;
- TR-5%9;
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- TR-94;
- TR-101

17. System for providing broadband services with assured QoS by
Telecommunication companies to subscribers in a site over existing

unshielded copper infrastructure in the local loop, comprising:

a) circuitry and software for aggregating all the bandwidth available on all
or a part of the telephone lines that are routed to said site and enabled to be
used as xDSL lines, to form at least one manageable broadband link;

b) software for performing statistical multiplexing;
¢) circuitry and software for performing Dynamic Resource Allocation;

d) circuitry and software for extending the delivery of the multicast content
intended for simultaneous use by different subscribers, particularly video
broadeasting, to reach said site; and

e) circuitry and software for in-building distribution of said broadband
services to each subscriber.

18. System according to claim 17, in which the broadband gervices include
Triple Play.

19. System according to claim 17, in which the site is selected from the
following group:

- apartment buildings;

- office buildings;

- Multi Dwelling Units (MDUs),
- Multi Tenant Units (MTUs);

- a campus deployment.
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20. System according to claim 17, in which the telecommunication
companies include;

- ILECs;

- CLECs:

- Service Providers;

- 18Ps

21. System according to claim 17, in which the available bandwidth on the
xDSL lines is aggregated using ML-PPP protocol.

22. System according to claim 21, including a BRAS that supports ML-PPP
as the ML-PPP termination for the subscriber’s data traffic at the network
side.

23. System according to claim 22, further including a dedicated server for
supporting the ML-PPP termination at the network side of the subscriber’s
data traffic, whenever the BRAS does not support ML-PPF or whenever a
BRAS independent ML-PPP implementation is desired.

24. System according to claim 21, further including a dedicated server that
resides in the aggregation network over the V interface, for forming a
broadband ML-PPP between the V and U interfaces, whenever the network
architecture for providing broadband services complies with TR-101.

25. System according to claim 17, comprising circuitry and software for
extending multicast streaming until reaching the site and circuitry for
splitting said streaming via the in-building distribution.
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26. System according to claim 17, in which the wideband services are
distributed among the subscribers in the site via one of the following

mMeans:

- Ethernet/LAN cables;

- Coax cable;

- Home PNA-3.0

- PowerLine;

- wireless communication; or

- anv combination thereof.

27. System according to claim 17, further comprising circuitry and
associated software for providing one or more of the following functions

along with the broadband services:

- Qo5 Management;

- Resource Scheduling;

- Mulficasting;

- Remote Configuration and Management;
- Authentication;

- Security;

- Policy Management;

- SLA Management;

- Redundanecy;

- Admission Control;

- Traffic Accounting and Monitoring;
- Traffic Filtering;

- Billing Mediation;

- Broadcast Buffering;
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- File Cashing; and

- any combination thereof.

28. System according to claim 17, in which the available bandwidth on the
xDSL lines is aggregated using one of the G.998 series of ITU-T
Recommendations.

29, System according to claim 17, in which the provisioning of broadband
services complies with recommendations of the DSL Forum standards and
different network architectures included therein, particularly as defined in
the following Technical Reporis (TRs):

- TR-25;

- TR-58;

- TR-59;

- TR-94;

- TR-101
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METHOD AND APPARATUS FOR GENERATING CHANNEL QUALITY INFORMATION FOR
WIRELESS COMMUNICATION

BACKGROUND

The present invention generally relatles (o generaling wireless communications, and
particularly relates to generating channel quality informalion.

Channel quality information can be expressed in a number of ways, such as a channel
quality indicator identifying the effective signal quality of a wireless communication receiver. The
effective signal quality represents the benefils of any interference cancellation gains, diversity
combining gains, coding gains, etc., that may be provided by the receiver. In other words. the
oulput signal guality of a given receiver may be significantly better than the receiver's input
signal quality, which generally is expressed as the “raw,” uncompensated ratio of received
signal energy 1o background noise and interference.

Thase skilled in the wirgless communications arl will aporeciate the value of generating
channel guality information based on the output signal quality rather than the input signal
quality, because the output signal quality better represents the actual signal guality bearing on
the quality of demodulaticn and decoding performance. That is. assuming that the channel
quality information is used for link adaplation, e.q., picking the modulation and coding scheme
(MCS) that is appropriate for transmitting to the receiver, using input signal quality rather than
output signal quality would result in chronically underutilizing the transmission link,

Accurataly determining output signal quality as part of ongoing receiver operalions is
not, however, a straightforward proposition for some types of receivers. In particular, non-linear
receivers generaily have a complex relationship between input signal quality and output signal
quality. Examples of non-linear receivers include multi-stage receivers employing successive
interference cancellation, and jeint-detection receivers,

Further, even assuming the calculability of output signal quality. such calculations may
be inaccurate under some circumsiances, For example, the performance achievable by a given
receiver depends on a number of variables, including propagation channel conditions. Some
channel conditions translate into better receiver performance than others. Thus, evan for the
same receiver input signal, the receiver output signal quality will vary as a function of changing
channel condilions. If channel conditions are changing rapidly, or the input signal is too weak to
make reliable channel estimates, reporting outpul signal quality, or some metric relating to
output signal gquality, may lead to control errors.

For example, a supporting base slation may perform transmit link adaptation responsive
lo receiving channel guality information from a wireless communication device, that identifies
the quality of the channel in terms of some melric. such as a channel quality indicator, a rate
selection indicator, or the like. Thus, the base station can adjust the transmit data rate, for

example, in accordance with the channel quality indicators reported by the device. This control
1
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mechanism works well if the actual channel conditions change slowly in comparison to the link
adaptation control lag. However, performing link adaptation in consideration of actual
propagation channel conditions becomes unreliable if those conditions change rapidly in
comparison to the link adaptation control timing.

SUMMARY

According to one or more method and apparatus embodiments taught herein, different
modes of operation are used for determining channel quality information for a wireless
communicalion device, depending on, for example, the reliability of propagafion channel
estimates for the wireless communication device. For example, in one embodiment, channel
quality information is determined in a first mode by mapping recelver input signal cuality to a
data rate that can be supporied at a desired probability over a range of propagation channel
realizations. A supporied data rale may be defined as an allowable data rate thal can be
achieved with a desired performance requirement, e.q., Block Error Rate (ELER). Further, in the
second mode, the channel quality information is determined by mapping receiver inpul signal
quality 1o a data rate that can be supported for a particular propagation channel realization, or
that can be supported for a constrained range of propagation channel conditions, corresponding
to the current channel estimates obtainad by the wireless communication device.

Thus, the first mode provides for generating channel quality information as a function of
long-term propagation channel conditions when short-term propagalion channel estimales are
not reliable, such as where the lime lag associated with transmit link adaptation is large
compared to the coherent time of propagation channel fading. Conversely, the second mode
provides for generating channel quality information as a function of short-term propagation
channel conditions when short-term propagation channel estimates are reliable. Modal
operation can be driven by determining whether the channel estimates being generated by the
wireless communication device are reliable. Reliability may be determined by evaluating the
maobility—e.g., rale of movement, Doppler frequency, etc.—of the wireless communication
device, or by evaluating the channel estimates.

With the above in mind, in one embodiment, a method of determining channel quality
information for & transmit propagalion channel associaled with a wireless communication davice
comprises in a first mode, generating channel quality information according to a first algorithm
that does not depend on channel estimates, and in a second modea, generating channel quality
information according to a second algorithm that depends on channel estimates. Receiver
performance data characterizing receiver performance for a type of receiver associated with the
wireless communication device may be used o generale the channel qualily feedback in the
first and secand modes, and such generation may be performed by the wireless communicalion
device itsell, or by a base station in a supporting wirgless communicalion network,
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For example, a wireless communication device or a base stalion may comprise one or
more processing circuits configured to determine channel gquality information for one or more
signals received by the wireless communication davice, based on, in a first mode, generating
channel quality information according to a first algorithm that does not depend on channel
estimates, and in a second mode, generaling channe! qualily information according to a second
algorithm that depends on channel estimates. The processing circuit{s) are, in one or more
embodiments, configured lo operate selectively in the first or second mode based on whether
the channel estimates are reliabla.

Complementing the above method of channel quality information generation, one
embodiment of a receiver performance characterization methed comprises, at each of a number
of receiver input signal qualities, computing an ermror rate expected for each of a number of
propagalion channel realizations, and, for each of the error rates computed. computing a data
rate that can be supporied for each propagation channel realization at each receiver input signal
quality, and, for each receiver input signal quality, computing the cumulative distribution function
{CDF) of the supporied data rates corresponding to the propagalion channel realizations. Such
performance characterization data may be stored by the wireless communication device, or by
the supporting wireless communication network. Generally, the performarce characterization
data is specific for a receiver type, and different data can be stored for different receiver lypes.
For example, a parlicular type of Generalized RAKE (G-RAKE) or other Minimum Mean
Sguared Error (MMSE) receiver would have different characterization data than would a
particular type of Joint Detection (JD) receiver. Similarly, different performance characterization
dala can be stared for different transmit/reception modes (MISO, MIMO, etc.), even for the
same receiver type.

& corresponding method of providing rate adaptation feedback from a wireless
communication device to a supporting wireless communication network cperates in a first mode
by selecting a supported data rate using the receiver performance dala according lo a receiver
inpul signal quality corresponding to measurements obtained by the wirelass communication
device, and a desirad probability of achieving the selected data rate for a range of propagation
channel realizations. In the second mode, the channel quality informalion is generaled using the
receiver performance data by selecting a supported dala rale according to receiver input signal
quality and a particular propagation channel realization, or a constrained range of the
propagation channel realizations, corresponding lo channel estimates cbtained by the wireless
communication device.

Of course. the present invention is nol limited to the above features and advantages.
Indeed, those skilled in the art will recognize additional features and advantages upon reading

the following detailed description, and upon viewing the accompanying drawings.
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BRIEF DESCRIFTION OF THE DRAWINGS

Fig. 1 is a block diagram of a base station and a wireless communication device, such
as 2 mobile station, wherein channel quality information is generated according to one or more
method embodiments taught herein.

Fig. 2 is a logic flow diagram for one embodiment of procassing logic for modal
generalion of channel qualily information.

Fig. 3 is a logic flow diagram for one embodiment of selecting operating modes in the
context of Fig. 2.

Fig. 4 is a logic flow diagram for another embodiment of selecling operating modes in
the context of Fig. 2.

Fig. 5 is a logic flow diagram for ore embodiment of a receiver performance
characterization method.

Figs. 6 and 7 are graphs depicting receiver performance characterizetions oblained by
the receiver performance characterization methed of Fig. 5, for different types of wirgless
communication device receivers.

Fig. 8 is a logic flow diagram for cne embodiment of modally generating channel quality
information using receiver performance data.

Fig. 9 is a block diagram for one embodiment of a wireless communication device thal is
configured to generate channel quality information.

Figs. 10 and 11 are block diagrams of embodiments of processing circuits used in
generating channel quality information.

Fig. 12 is a block diagram of one embodiment of a base station that is configured to
generate channel quality information based on receiving channel quality measurements for the

wiregless communication device,

DETAILED DESCRIPTION

Fig. 1 illustrates a base station 10 and a wirgless communication device 12, wherein the
channe quality information generated for the downlink between the base slation 10 and the
wireless communication davice 12 is, in a first mode of operation, not dependent on current
propagalion channel estimates, and, in a second mode, is dependent on current propagation
channel estimates. Thus, the first mode of generating channel quality information may be used
where estimates of the downlink propagation channel are not reliable, such as when the
wireless communication device 12 is moving al a high rate relative to the base station 10, or is
otherwise experiancing fast fading conditions, or whean the received signal strength is oo low for
reliable channel estimation,

Before describing various embeodiments of the above methed of generating channel
quality information, it should be understocd that the processing logic associated with generating

the channel guality informaltion can be performed wholly in the wireless communication
4
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device 12, wholly in the base station 10, or performed cooperatively using both the base station
10 and the wireless communication device 12. In all such cases, the attendant processing may
be implemenied in hardware, software, or any combination thereof. Moreover, it should be
understood that the base station 10 and the wireless communication device 12 are not limited to
any particular configuration, nor are thay limited lo any particular wireless communicalions
standards or protocols.

For example, in one or mare embodiments, the wireless communication device 12
comprises a cellular radiotelephone or other type of mobile stzlion, confligured lor operation with
a supporting wireless communication network that includes the base station 10. In such
embodiments, the base slalion 10 may comprise a Wideband COMA (WCDMA) base station
configured to provide High Speed Downlink Packet Access (HSDPA) services.

Correspondingly, the wirgless communication device 12 may comprise a WCDMA-based
access terminal configured to provide channel quality infermaticn. or related feedback. lo the
base station 10. in support of adapting downlink transmit data rates to changing receplion
conditions at the wireless communication device 12. In general, however, the wireless
communication device 12 may comprise & mobile station or other type of handsel, a pager, a
Portable Digital Assistant (FDA), a palmiop or laptop computer, or a wireless communication
module for use therein, or essentially any other type of communication device.

Keeping the method's broad applicability in mind, Fig. 2 illustrates one embediment of a
method of generating channel quality information, wherein it should be understood thal at least
some of the illusirated processing steps may be performed in other than the illustrated order.
Further, although illustrated as serial processing, actual implementation of the method may
invalve concurrent, parallel processing, as parl of engoing communication operations. Also, it
should be understood that the illustraled processing may be implemented in the base
station 10, the wireless communication device 12, or in some combination thereof,

Processing “begins” with a delerminalion of whelher lo operale in a first mode of
generating channel quality information {Step 100). If the first mode is selected, processing
continues with generating channel quality information according to a first algorithm that does not
depend on channel estimates (Step 102), Conversely, il the firsl mode is nol selecled, (e, the
second made of operation is selected, processing continues with generating channel guality
information according to a second algorithm that depends on channel estimates (Step 104).

In at least one embodimant taught herain, the first mode of generating channel quality
information is used during fast fading conditions, or whenever conditions are such that the
shorl-term channel estimates obtained by the wireless communication device 12 are
“unreliable.” The second mode of generaling channel quality information is used during slow
fading conditions, or, more generally, whenever the channel estimates are reliable. In other
waords, channel quality infarmation is generated as a function of long-term propagation channel

characteristics when short-term estimates of the channel are not reliable. Conversely, channe
5
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quality information is generated as a function of the short-term propagation channel
characleristics whean the channel estimates are reliable.

It should be understood that various methods of assessing channel estimation reliability
are contemplaled herein, and it should be understood that conditions deemed to give rise to
unreliable channel astimations in one applicalion may not be considered as such in another
application. For example, the reliability of a short-term channel eslimale may be viewed in lerms
of fading speed versus link adaptation control lag. That is, channel estimales may be deemed
more or less reliable in dependence on how quickly channel conditions change relalive to the
transmit link adaptations being made. In some embodiments, the link adaptation lag—i.e., the
time between a reporled channel quality metric and the corresponding transmit link
adjustiment—may be used to influence whether, or lo whal exlenl, shorl-lerm propagation
channel conditions are considered in generating channel quality information.

With such variations in mind, Fig. 3 illustrates one embodiment of processing logic for
determining whether to operate in the first or second modes of Fig. 2. Modal selection
processing “begins” with evaluating propagation channel fading conditions (Step 106). As will be
detailed later herein, the evaluation may comprise assessing the reliability of the channel
estimates to determine whether fast-fading conditions apply, In other embodiments, fast-fading
may be recognized by evaluating mobility, such as by evaluating the Doppler frequency shift of
transmissions on the downlink andfor uplink channels between the base station 10 and the
wireless communication device 12. Of course, other indicators bearing on the reliability of short-
term channel eslimates may be used. For example, certain service areas may make channel
estimates inharently suspect, such as radio sectors in downtown or urban areas.

If fasl fading condilions apply (Step 108). channel quality generalion operales in the first
mode, wherein channel quality informalion is generated in @ manner that is not dependent on
channel estimates (Step 110). Conversely, if fast fading conditions de nol apply, channel qualily
informalion is generaled in a manner that is dependent on channel estimales {Step 112).

Fig. 4 illustrates another embodiment of processing logic for determining whether to
operate in the first or second modes of Fig. 2. Modal seleclion processing “begins” wilh
evalualing the network usage or load conditions (Step 114). In a lighlly loaded wireless network,
the reliability of the channel estimates and the derived channel quality information can be
compromised even if the propagation channel fading condilions change slowly or remain static.
For example, because of bursty and fast varying of inter-cell interference that is characteristic of
a lightly load network, the channel quality and hence the supportable dala rate realized during
aclual transmission of the dala can be rather different than what was measured pricr to the
transmission.

Thus, if the network is lightly loaded (Slep 118), it can be advantageous lo selecl the first
mode of determining channel quality information (Step 118). Cenversely, if the network is more

heavily loaded. or the loading is otherwise more slable, channel quality ‘information can be
B
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determined according to the second mode of operation (Step 119). The selection of which
operating mode 1o use for channal quality information determination can be evaluated and/or
applied to individual wireless communication devices 12, or can be applied to sets or subsets of
wireless communication devices 12, within a given sector or cell of the network, For example,
the first mode may be used for some wireless communicalion devices 12, while the second
mode may be used for others. The determination of which mode to use may be set according to
the service needs of individual wireless communication devices 12, for example.

Note thal this modal seleclion can be implemented in ways that are non-transparent or
transparent to the wireless communication devices 12. In one embodiment, a base station 10 in
the wireless communication network can instruct one or more davices in a plurality of wirelass
communication devices 12 1o feed back Information that is compatible with the preferred
operating mode. Allernalively, based on the network load conditions, the base station 10 can
receive information supporting the second mode of aperation, but can choose to ignore all or
some of that information, in favor of operating in the first mode. In other words, the base
station 10 may choose not to use all of the feedback that it receives,

In some circumslances, the radio resource cost required to support oparation in the
second mode is higher than that for operation in the first mode. For instance, 1o support
operation in the second mode, feedback generally has to been sent by the wireless
communication devices 12 more frequently than is required for operation in the first mode, to
reflect changing propagation channel conditions. The amount of feedback also could be larger
to describe the propagalion channel conditions in sufficient detail for operation in the second
mode. The strain on the feedback channel is further exacerbaled by the fact that a pluralily of
wireless communication devices 12 simulianegusly transmits feedback information to the
network. Thus, the first mode of operation may be preferred even when operation in the second
mode is viable, simply basad on propagation channel condition considerations.

In one or more embodiments, channel quality information determination considers the
potentially higher radio resource costs on the feedback channel associaled with oparation in the
second mode. More particularly, the second mode of operation can be reserved for
conlractually privileged devices or services. The privilege level of a given communication
device 12 can be referenced from a database with the identification number of the device.
Channel guality information can be determined according lo operalion in the second mode for
devices with higher privilege. The contractual requirement of a service can also be a factor in
considering the appropriate operation mode, For instance, for services wilh stringent delay or
jitter requirements such as packet voice services, the quality of service can be more easily
maintained if channel quality information is determined according to operalion in the second
mode.

Deciding whether to determine channel quality information according to the first or

second modes of operation also may be adapled 1o transmission schemes that consist of
T
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separable companenis. Mon-limiting examples of these types of ransmission schemes include
multi-carrier COMA and orthogonal frequency division multiplexing (OFDM) transmission. To
support operation in the second mode, the amount of feedback can scale dirzctly with the
number of separable components, e.9.. four feedback values for four-carrier COMA, or eighty
values for OF DM with eighty frequency resocurce units. For large packets or data units that
would ozeupy entire or large portions of the companents, the relative benefils of operating in the
sacond mode instead of the first mode can be significantly smaller than for small packets or
data units that would occupy small porlions of the components. To conserve radio resources, it
is therefore advantageous to include packet or data unit lengths as a factor in operating mode
selection.

Such operation is, in one or more embodiments, supporled by the use of receiver
perormance data that characterizes the performance of the wireless communication device's
receiver type over a range of propagation channel cenditions, such that the performance data
indicates the expected performance of the receiver over a range of propagalion channel
conditions, and for particularized propagation channel conditions. Determining channel
propagation condilions for channel quality information determination—e.qg., for supportable rate
computation—may be required for operation in the first andfor second modes of operation. For
the first operating mede, long-term channel propagation conditions are determined and. in one
or more embodiments, the propagation channel conditions include cne or more of the following
quantities: a characterization of the fading speed of the channel (for example, based on the
estimated Doppler frequency, known mobile speed, rate of negative acknowledgements - i.e.
MACK rale, ...); and an estimate of the power delay profile (PDP) of the propagalion channel
associated with the wireless communication device 12, assuming that the PDP dees not change
guickly over time.

In ocne or more embodiments, the estimation of long-lerm propagation channel
conditions is used for any one or maore of the following processing aclions: construction of a
COF of the achievable (supportable) data rates; selection of an achievable data rate curve COF
from a table of CDF curves that most closely maiches the eslimaled long-lerm propagation
channel condilions. Thus, it should be understood that in one or more embodiments, COF
curves may be predefined. In such embodiments, the received signal quality and/for long-term
characterization of the propagation channel associated with the wireless communication
device 12 can be used to select a point or range along a predefined CDF curve to identify
channel quality information for the wireless communication device 12—e.g., to identify an
achievable dala rate. In one or more other embodiments, the long-term propagation channel
conditions as estimated are used to partially or wholly construct one or more CDF curves, which
can then be used to identify achievable data rates, for example, as a function of measured
signal qualily at the wireless communication device 12.
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In more detail, for purposes of COF curve construction. the PDP is considered a known
quantity, and estimates of the delay tap {channel) coefficient values can be generated and used
to further determine the propagation channel realizalion for the given PDP. Al least one
embodiment estimales propagation channel coeflicients based on pilot or olher measurements,
to support characterization of long-term propagation channel conditions. It should be
understood that traditional techniques for propagation channe! estimation may be used as
needed or desired. Mote that the estimation of channel coefficients represents a longer-term
estimate, rather than the short-term {instanlaneous) eslimales thal are generally used in the
second mode of operation.

In any case, it should be understood that, however they are constructed, the COF curves
characterize the (expected) performance of a particular receiver type, or types. Fig. 5illustrales
one method of characterizing receiver performance based on CDF curves, but it should be
understood that olher methodology may be used to characterize receiver performancs for long-
term and shori-term propagalion channel conditions.

In more detail, Fig. 5 illustrates an embodiment of a receiver periormance
characterizalion method thal may be performed using empirical 1esting, software simulation,
dynamic measurements, or any combination thereof, Because different receiver types offer
different levels of performance, such charactenzation is done for the particular receiver type
associated with the wireless communication device 12. (If the channel quality information is
generated by the wireless communication device 12, the receiver performance data can be
slored in the wireless communication device 12. If the channel quality information is generaled
in the base station 10, the base stalion 10 may siore characterization data for different lypes of
receivers, and use the appropriate sets of receiver performance data for different wireless
communication devices.)

In any case, processing begins by computing an expected error rale for each one in a
number of receiver inpul signal quality values, for each one in a number of modulation and
coding schemes, and for each one in a number of propagation channel realizations (Step 120).
Error rale may be expressed, for example, as Bit Error Rate (BER), Block Error Rale (BLER),
Frame Error Rate (FER), elc., and the particular manner in which error rate is expressed may
be based on the type of dala transmissions involved.

As used herein, unless otherwise noted, the term “receiver input signal quality” denotes
the ratio of total received signal energy per chip, £ , over the noise plus interference, N, .
Measurements of recaiver input signal quality represent the “raw” input signal quality for the
receiver embodiad within the wireless communication device 12, and does not depend on the
receiver's interference supprassion and signal gain performance, and thus does nol depend on
the accuracy of short-lerm propagation channel estimates. Moreover, receiver input signal
quality measuremenls are the same for simple and complex receiver structures, €.g., the same

whether the device's receiver is a simple lingar receiver, or a complex non-linear receiver,
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Further, as used herein, the term “propagation channel realization” represents a
particular combination of propagation channel tap weights. For example, a plurality of three-tap
characterizations of the propagation channel comprises different combinations of three complex
tap coefficients, corresponding to different propagation channel conditions. The different
propagation channel realizations may be based on 2 fixed Power Delay Profile (FDP).
Alternalively, a given fast fading realization may be used for different PDPs, and d'fferent CDFs
may be used for the different PDPs.

In any case, each propagation channel realization may be understood as representing a
particular hypothasis of actual propagation channel conditions for the transmit link batween the
base slation 10 and the wireless communication device 12. For the same input signal quality,
the wirgless communication device 12 will exhibit different cutput signal quality for different
channel realizations.

For each receiver inpul signal quality and each modulation and coding scheme, receiver
performance characterization processing continues by, for each of the error rates computed,
computing the dala rate (R) that can be achieved (supported) for each propegation channel
realization (Step 122). The achievable dala rate, also referred to as the supported data rate,
represenis the data rale (R) ihat can be used for fransmitting lo the wireless communication
device 12 while still meeting a definec perfcrmance requirement, e.g.. a BLER target. For
example, if the computed error rate is less than the larget BLER, i.e., BLER < BLER(larget), the
data rate (Rume.) corresponding the madulation and coding scheme can be the supporled dala
rate (R = Raes), Otherwise the supported data rate can be zero (R = 0). If ARC is usad, then the
supportad data rate (R) can be calculated as R = Ry 1-BLER.), where R, is the data rate
corresponding the meodulation and coding scheme and BLER is the computed error rate. If
HARQ is used, then the supported data rate can be calculated as Rq.../{ 1-BLER).

Processing continues by, for each receiver input signal quality, computing the cumulative
distribution function [CDF) of the supported dala rates corresponding to the propagation
channel realizalions (Step 124). Mote that the generation of COF curves can be a one-time
process, or can be wholly or partially a dynamic process. For example, as was noled earlier,
ongoing estimation of one or more parametars bearing on the longer-term propagation channel
conditions for the wireless communication device 12. Again, such parameters can include, but
are not limited to, any one or more of the POP, estimated channel coefficients, current data
service lype andfor data characteristics such as packet size. mobility/rate-of-travel estimates,
ete.

Fig. 6 graphically depicts receiver performance data gereraled according to the methed
of Fig. 5 for a Minimum Mean Square Error (MMSE) raceiver type. More particularly, Fig. 6
graphs receiver input signal quality (SNR) curves stepped from -22 dB to +12 d8 in 2 dB
increments over defined data rate points, according to the CDFs of the supported data rates for

the hypolhesized sel of propagalion channel realizations. The leflmost curve corresponds Lo
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input SNR of -22 dB, whereas the rightmost curve corresponds to input SNR of +12 dB. Fig. 7
depicts similar performance characterization data for 2 Joint Detection (JD} receiver
architecture, and it should be understood that the particular receiver performance data used for
the wireless communication device 12 would be matched to its particular receiver type. (Further,
because some lypes of receivers have different receplion modes thal yield different
performance characteristics, different recever perfformance data can be used in each such
mode.)

In determining channel quality information using the performance curves of Fig. 6, for
example, consider lhe case of higher rates of travel, where the channel fading condilions
become more temporally uncorrelated between the mezasuremeant time at which propagation
channe! conditions are estimated, and the transmit time at which transmit link adaptations
based on those channel estimates are performed. If the channel conditions are changing mare
rapidly than link adaptation control can keep up with, link adapiation—e.qg., transmit data rate
selection—should be based on the stalistical propagation characteristics delermined by the path
gain and shadowing, rather than based on the channel estimates.

Given signal guality measured by the wireless communication device 12, the transmit
data rate can be selected from the corresponding signal quality curve in the receiver
performance data, according 1o a desired COF level. For example, choosing the tenth percentile
for the appropriate SNR curve corresponds to the dala rate achievable for ninely-percent of the
hypothesized propagation channel realizations. The particular value to choose generally
depends on the particular performance requirements of the system, such as determined by a
defined performance requirement, like maximum lolerable BLER. In one or more embodiments,
the signal quality represents a long-term signal quality—average input SNR—as measured by
the wireless communication device, or as averaged by the network, In other embadiments, such
as where channel eslimates are reliable, the instantaneous or short-term receiver inpul signal
quality may be used.

In either case, the above approach effectively quantizes the rate values in the
performance characlerizalion graph lo the rates represented by quantized input signal quality
measuremeants, which is sufficient for slow link adaptation in a rapidly varying channel. That is,
for fast fading conditions, the channel guality information may be generated as data rate
selections based on selecling an SNR curve from the graph corresponding to long-lerm
measured signal quality at the wireless communication device 12, and then identifying the datla
rate that is achievable at a desired probability for the defined pedormance requirement, e.g., for
a defined BLER limit. Effectively, the method amounts to generating channel quality information
as a function of long-term propagation channel characteristics based on mapping a receiver
inpul signal qualily measurement lo a data rate selection that is achievable at a desired
probability over a range of short-term propagation channel| characteristics.

1
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As the channel becomes more reliable, for example, when vehicle speeds become
slower or actual input SMNR at the receiver becomes larger due to improved path gain, the
channel quality information generation process can be transitioned to a mode where more
refined information is generated, i.e., a mode where the short-term propagation channel
conditions prevailing at the wireless communication device 12 are explicilly considered, The
same performance characlerization data that was used for slow adaplation during fast fading
may be used for fast adaptation during slow fading. In other words, the same receiver
performance curves can be used for slow and fast link adaplation in a hierarchical manner. Thal
is, channel quality metrics can be used to characterize the long-term properties of the channel,
which can then ba characterized further for fast link adaptation when the channel becomes
more reliable,

One method for accomplishing the above operation is to quantize the channel state
values for each inpul signal quality (SNR) and store the quantized values in a codebook. For
specific input SNR and channel estimates obtained at the wireless communication device 12,
the quanlized values can be locoked up in the codebook, and the corresponding data rate
selected for channel qualily information reporting,

Fig. 8 illusirates one embodiment of hierarchical channel quality informaticn generation,
wherein the channel quality information is generated in terms of dala rale reports. Such
processing may be performed at the wireless communication device 12, at the base station 10,
or cooperatively. In any case, processing begins with evalualion of the propagation channel
conditions (Step 130). Evaluation may comprise evalualing shart-term propagation channel
estimales being generated by the wireless communication device 12 as a means of detarmining
whether the estimates are reliable, or may comprise checking Doppler shifts, etc.

If the channel estimales are nol reliable (Step 132), a supported cala rate is selected
using receiver performance dala, such as illustrated in Figs. € and 7. More particularly, if the
channel estimates are not reliable, the measured receiver input signal quality can be mapped to
one of the quantized SNR curves, and a comesponding supported data rate can be identified
according to the desired probability of achieving that rate over the range of propagalion channal
realizations used lo generate the performance data (Step 134). A tenth percentile selection
means that ninety-percent of the hypothesized propagation channel realizations will support the
selected data rate al the desired error rate performance.

As such, if the channel estimates are not reliable, the fransmit data rate is selecled
probabilistically, rather than based on any specific consideration of the short-term propagation
channel conditions existent at the wireless communication device 12. Further, in cases where
the channel estimates are not reliable. the receiver input signal guality used to select the
appropriate quantized SNR curve may be a long-term (average) recaiver input signal quality.
Averaging may be done at the wireless communication device 12, or inslantanecus values

reported by the wireless communication device 12 may be averaged by the network.
12
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Cn the other hand, if the channel estimates are reliable (Step 132), the measured
receiver inpul signal quality may represent a shorter term, e.9., instantaneous, measuremert. Of
course, averaged values may still be used. In either case, with the availability of reliable channel
estimates, the receiver inpul signal quality ¢an be mapped to one of the quantized SNR curves
and a particular propagalion channel realization, or a constrained range of propagation channel
realizations, corresponding fo the chennel estimates (Step 138", In one variation of this
approach, different SNR/CDF curves can be stored for long-term and short-term SNR
measurements, with the different SMNR curves reflecting different probatilistic characteristics.
Then, in aperation, lhe set of curves to be used is selected depending on whether long-term or
short-term SNR values are being used, which may switch as a function of channel estimate
reliability.

This hiegrarchical approach to channel guality information generation can be
implemented in the wireless communicalion device 12, such as by including appropriately
configured processing circuils in the device 12, along with storing appropriate receiver
performance data. Fig. 9 illustrates one embodiment of the wireless communication device 12,
configured for carrying cut a method of channel quality information generation using receiver
performance data. The illusirated embodiment comprises a receiveftransmit anterna 20, a
switch/duplexer 21, a receiver front-end 22, a fransmitter 24, a baseband (BB} controller 26, a
syslem controller 28, inputfoutput (VO) interface circuits 30, and a user interface (UI) 32,

Of particular interest regarding channel quality information generation, the baseband
controller 26 includes one or more processing circuits 40, which are configured for channel
guality information generation, and which have access, direct or indirect, to a memory 42 storing
receiver performance data. The stored data may comprise a data structure representing
quantized SNR curves and corresponding CDFs of supported rates for a plurality of propagation
channel realizations, e.9., a sel of 1000 channel realizations, such as illustrated in Fig. 6 or 7.
However, al least some of the performance data may be obtained using curve-fitling
calculations—e.g., polynomials—and it should be understood that various methods of sloring
and representing receiver performance data are contemplated herein.

In operation according o one embodiment, the wireless communication device 12
maintains a long-term estimate of receiver input signal quality—average SNR—and further
maintains shori-term (instantaneous) propagation channel estimates. If the propagation channel
eslimates are not reliable, the wireless communication device 12 operates in a first mode of
channel quality information generation. In the first mode, the wireless communication device 12
maps measured, average receiver input signal quality to the closest corresponding receiver
input signal quality represented in the raceiver performance data, and then uses that SNR curve
to identify the data rate that can be supported at a desired probability over a range of
propagation channel realizations. As such, the wireless communication device 12 returns

channel quality information to the base station 10 in the form of updated transmit data rate
13
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selections that are identified probabilistically, without regard to the actual channel estimates. A
transmit link adaptation control circuit 38 in the base station 10 uses the reperted dala rate
seleclions to adjust the transmit data rate used to send traffic to the wireless communication
device 12.

If the prapagation channel estimates are reliable, the wireless communication device 12
operates in a second mode. In the second maode, the wireless communication device 12 selects
the SNR value in the receiver performance dala most closely corresponding to the average
receiver input signal quality as measured by the wireless communication device 12, and further
selects a propagalion channel realization, or a constrained range of propagation channel
realizations, in the receiver performance data that most closely corresponds with current
channel esfimates. The wireless communication device 12 thus uses the receiver performance
dala to identify the data rates that can be supported for measured receiver input signal quality
and correspending channel estimales, and reporis the idenfified data rate selections to the base
station 10,

In both the first and second modes, the base station 10 receives channel quality
informalion in the form of dala rate seleclions, and the base stzation 10 performs corresponding
transmit data rate adjustmenits for forward link transmissions to the wireless communication
device 12, As such, whether the channel guality information is being generated in consideration
of current channel estimates may be transparent lo the base stalion 10. That is, from the base
station's perspective, link adaptation may transparently shift betwean the first and second
mades, without need for explicit signaling. In some ambodiments, however, the mode of
channel quality information generation may be signaled, or otherwise indicated. For example,
the rate at which channel quality information is reported to the base station 10 may change in
dependence on whether channel quality information is being generated in the firsi or second
modes.

Figs. 10 and 11 illustrate embodiments of processing circuits that may be included in, or
associated with, the baseband contreller 40 of the wireless communication device 12, and used
to implement generation of channel quality information in the first and second modes. Fig. 10, in
particular, illustrates the processing circuit{s) 40 as comprising a channel quality information
generation circuit 44, which generates channel quality information, 2.g., rate seleclion data, in
first and second modes. The circuit 44 may be configured to provide an indication of the type of
channel guality information being generated, i.e., it may indicale the modea that it is operating in.

The processing circuil{s) 40 may further include, or may further be associated with, a
channel estimate reliakility evaluation circuit 46 and a channel estimation circuit 48. The
channel estimate reliability evaluation circuit 46 is configured to estimate the reliability of the
channel estimates being generated by the channel estimation circuit 48, which generates
instantaneous propagation channel estimates based on the received signal and pilot

information. The channel estimate reliability evaluation circuil 46 may receive, among other
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things, the channel eslimates from the channel estimation circuit 48 andfer the pilot values.
Operation may be swilched between the first and second modes based on the reliability
indicalor output by the reliabilily evalualion circuit 48,

Mote, loo, thal the channel quality informalion generation circuit 44 may be configured to
perform the receiver inpul signal quality measurements, i.e., the £y /N, calculations, or another

functional circuit may be included for that purpose in the processing circuil(s) 40. On that paint,
il should be undersiood that illustrations of the processing circuil(s) 40 may represent functional
rather than pnysical circuil elements. For example, the processing circuit(s) 40 may comprise
all or a portion of a microprocessor-based circuit, an FPGA, ASIC, etc.

Continuing with function circuit descriplions, Fig. 11 illustrales one embodiment of the
channel quality information generation circuit 44 that is depicted in Fig. 10. One sees that the
reliability indicator drives a mode select circuit 50, which selects the source circuil for the
channel quality information being outpul. If the reliability indicator indicates that the ehannel
estimates are not reliable, the mode select circuit 50 selects a long-term channel quality
information estimation circuit 52 as the source circuil. The long-term channel quality information
estimation circuil 52 selects supporled dala rales using the receiver performance data based on
long-term estimates of receiver input signal quality and desired CDF probabilities.

Conversely, il the reliability indicator indicates that the channel estimates are reliable,
the mode select circuit 50 selects an instantanzous (short-term) channel quality information
estimation circuit 54 as the source circuil, In one embodiment, Ihe instantaneous channel
qualily information estimaltion circuit 54 selects supported data rates using the receiver
performance dala based on long-term estimates of receiver inpul signal quality and the channel
estimates. In another embodiment, instantaneous channel qualily informalion is generated by
calculating receiver output signal quality. In such embodiments, channel quality information is
determined in the first mode using receiver input signal quality, and determined in the second
mode using receiver output signal quality.

In any case, it should be understood that the base stalion 10 can be configured to
generate channel quality information according to any of the above embodiments, based on the
wireless communication device feeding back channel quality measuremenis. For example,

Fig. 12 illustrates a channel gquality information generation circuit 60 and a memaory 62, which
may be included in the base station 10. The memory 62 stores receiver performance data for
one or more receiver lypes, with at least one set of receiver performance data matching the type
of receiver implemented in the wireless communication device 12,

More generally, in such embodiments, the base station 10 comprises one or mare
processing circuits configured to determine channel guality information for a transmit
propagation channel corresponding to the wireless communication device 12. Such generation
may be based on, in a first mode, generating channel quality information according to a first

algarithrm thal does not depend on channel estimates for the wirgless communication device 12,
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and in a second mode, generating channel quality information according to a second algorithm
that depends on the channel estimates.

In one embodiment, in the first mode, the basa station 10 receives at least receiver input
signal quality infarmation for the wireless communication device 12, As described, the first
algorithm may comprise mapping receiver inpu! signal guality to a data rale that is achievable at
a desired probability over a range of propagation channel realizations. For the second mode of
operation, the base station 10 receives receiver input signal quality informaticn and propagation
channel information from the wireless communication device 12—e.g.. quantized long-term
SNR values and quantized short-term propagation channel estimates.

If the base station 10 stores code books of SNR values and propagation channel
realizations, the wireless communication device 12 need only return code book indices
corresponding lo its measurements. In any case, the second algorithm may comprise mapping
receiver input signal quality to a data rate that is achievable for a particular propagalion channel
realization, or for a constrained range of propagation channel realizations, corresponding fo the
propagation channel estimales.,

As such, the base station 10 can be configured to select operation in the first mode if it
receivas receiver inpul signal quality informalion for the wireless communicalion device 12
without receiving corresponding channel estimates. Alternatively, the wireless communication
device 12 can be configured always to report chanrel estimates and signal quality, and the
base station 10 can be configured to select operation in the first or second modes based on
evalualing the reliability of the channel estimates. In at least one embodiment, the base
station 10 selects the mode based on determining whether the wireless communicalion
device 12 is operating in fast fading conditions. If the wireless communication device 12 is
operating in fast fading conditions, the base station 10 operates in the first mode. If the wireless
communication device 12 is not operating in fast fading conditions, the base siation 10 operates
in the second mode. Of course, it should be understood that first and second modes of
operalion may be managed independently for individual ones in a plurality of wireless
communication devices being supported by ihe base station 10.

Further, and more generally, it should be understoed that channel quality information
generation as taught in one or more embodiments described herein uses receiver perfarmance
data to determine channel quality information metrics. such as supported data rates, based on
using receiver performance data. The receiver performance data characterizes supporied data
rates in terms of propagation channel realizations, for each in a plurality of guantized receiver
input signal qualities. In a first mode of operation, the data rate that can be achieved at a
desired prabability over a range of propagation channel conditions, e.g., all hypothesized
propagation channel realizations, are selected for the receiver 'nput signal quality value that
corresponds to measurements obtained by the wireless communication device 12, As such. the

data rate is not sat in congideration of the instantaneous channel condilions prevailing at the
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wirgless communication device 12, bul rather set probabilistically, in consideration of the long-
term channel conditions. As such, the first mode of operation can be selected whenever reliable
channel estimates are not available.

In a second mode of operalion, where reliable channel estimates are available, data
rales are selected using receiver input signal qualities and propagation channel realizations
corresponding to measurements obtained al the wireless communication device 12. In other
words, shorl-term propagation channe! conditions are considered when the eslimales of thase
conditions are reliable. In this regard, the same receiver performance data can be used 1o
generate channel quality information metrics with or without using current propagation channel
estimates. As such, il is convenient to modify iransmit link adaptation 10 switch between slow
link adaptation—i.e., the first mode of operation—and fast link adaptation—i.e., the second
mode of operation.

Of course, the present invention is not limited by the foregoing discussion, nor is it
limited by the accompanying drawings. Indeed, the present invention is limited only by the
following claims, and their legal equivalenlts.

17
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CLAIMS
What is claimed is:
1. A melhod of determining channel quality information for a transmit propagation channel
associaled wilh a wirgless communication device (12), the method characterized by:
in a first mode, generating channel quality information accerding lo a first algorithm thal
does not depend on current propagation chanrel estimates: and
in a second mode, generaling channel quality information according to a second

algorithm that depends on current propagation channel estimates.

2. The methed of claim 1, further characterized by determining whether to operate in the
first mode or in the second mode as a funclion of propagalion channel fading conditions,

3 The methed of claim 1, further characterized by determining whelher to operate in the
first mode or in the second mode responsive to evaluating a reliability of propagation channel
estimates made by the wireless communication device (12,

4, The methad of claim 1, wherein generating channel quality information according o a
first algarithm that does not depend on current propagation channel estimates comprises
mapping a receiver input signal quality for the wireless communication device {12) to a dala rate
selection that is achievable at a desired prabability over a range of propagation channel
conditions.

5. The method of claim 4, wherein mapping a receiver input signal guality for the wireless
communication device (12) to a data rale seleclion thal is achievable at a desired probability
over a range of propagation channel conditions comprises using a Cumulative Distribution
Function (CDF) and the receiver input signal quality to identify a data rate that is achievable with
respect to a desired error limit over a range of hypothesized propagation channel realizations.

5. The method of claim 5, wherein using a Cumulative Distribution Function (CDF) and the
recaiver input signal quality to identify a data rate that is achievable with respect to a desired
errar limit over a range of hypothesized propagation channel realizations comprises selecting a
CDF curve that relales received signal quality to achievable data rates over a set of
hypothesized propagation channel realizations,

7. The method of claim &, further characierized by generating one or more COF curves to
support mapping of the received signal quality based on estimating long-term propagation
channel conditions for the propagation channel associated with the wireless communication
device (12).
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8. The method of claim 7, wherein generating one or more COF curves lo support mapping
of the received signal quality based on estimating long-term propagation channel condilions for
the propagation channel associated with lhe wireless communication device (12) comprises
generating the one or mare COF curves based on one or more of leng-term propagalion
channel estimales, rate-oi-lravel of the wireless communication device (12), lype of dala
services active for or requested for the wireless communication device (12), downlink bandwidth
assigned to or available for the wireless communication device (12), and a modulation and

coding scheme being used lor or desired for the wirgless communicalion device {12).

9. The method of claim 1, wherein generating channel quality information according to a
second algorithm comprises mapping a receiver input signal quality for the wireless
communicalion device (12) to a data rate seleclion that is achievable for propagation channel
conditions corresponding to the currént propagation channel estimates.

10. The method of claim 1, wherein the wirgless communication device (12) generates the
channel quality information as feedback for transmit link adaptation.

11.  The method of claim 1, wherein the wirgless communication device (12) generates
channel quality measurements and a base station (10} in a supporting wireless communication
network generates the channel qualily information based on receiving the channel quality

measurements.

12, The method of claim 11, wherein the channel quality measurements for the first mode
comprise at least receiver input signal quality measurements, and wherein the channel quality
measurements for the second mode comprise receiver input signal quality measurements and

corresponding propagalion channel estimates.

13 The method of claim 1, further characterized by storing receiver performance data for
use in generating the channel quality information in at least the first mode, said receiver
performance data characterizing a type of receiver corresponding to the wireless
communication device (12) and identifying, for each in a plurality of receiver input signal

qualilies, supported dala rales for a plurality of propagation channel realizaticns.

14. The method of claim 13, wharein generating the channel quality information according to
the first algorithm comprises selecting a receiver input signal gquality corresponding o a receiver
input signal quality measurement made by the wireless communication device (12), and
identifying a data rate that can be supported for the receiver input signal quality over a range of

propagation channel realizations.,
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15. The method of claim 13, wherein generaling the channel guality information according to
the second a/gorithm comprises selecting & receiver inpul signal gualily corresponding to
recaiver inpul signal quality measurements made by the wireless communicalion device (12)
selecling a propagation channel realization or a constrained range of propagation ¢channel
realizations corresponding to propagation channgl estimates made by the wireless
communication device [12), and identifying a data rate that can be supporied for the receiver
input signal gquality and the selected propagation channel realization or constrained range of

propagation channel realizations.

16. The method of ¢claim 1, further characterized by selectivaly operating in the first and
second modes as a function of at least ore of (a) packet lengths of data to be transmitted by the
wirgless communication device (12), (b) celay requirements associated with packel data to be
fransmitted by the wireless communication device (12), (¢) delay requirements associated with a
communicalion service aclive al the wireless communication device (12), (d) identification of the

wirgless communication device (12), and (e) network usage or congestion levels.

17. A wireless communication device (12) comprising one or more processing circuits (40)
configured to determine channel quality information for one or more signals received by the
wireless cormmunication device (12), operaltion of said one or more processing circuils for
determing the channel quality infarmation characterized by
in a first mode, generating channel quality information according to a first algorithm that
does not depend on current propagalion channel estimaltes; and
in a second mode, generating channel quality information according to a second

algorithm that depends on current propagation channel eslimates,

18. The wireless communication device (12) of ¢laim 17, wherein the one or more
processing circuits (40) comprise a channal quality information generation circuit (44) that is
configured to generate the channel quality information by selectively operaling in the first and

second modes.

19, The wireless communication device (12) of claim 18, wherein the one or more
processing circuits (40) include a reliability evaluation circuit (46) to generate a reliability
indicator indicating whether propagalion channel eslimates being generated al the wireless
communication device (12) are reliable, and wherein the channel qualily information generation
circuit {44) is configured to select the first mode of operation if the reliability indicator indicates
that the propagation channel eslimates are nol reliable, and to selecl the second mode of
operation if the reliability indicator indicales that the channel eslimales are reliable.
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20.  The wireless communication device (12) of claim 17, wherein one or more processing
circuits (40} are configured to determine whether to operate in the first mode or in the second
mode according lo a reliability of propagation channel estimates made by the wirsless
communicalion davice (12).

21.  The wireless communication device (12} of claim 17, wherein the first aigorithm
comprisés mapping a receiver input signal quality for the wireless communication device (12) lo
a dala rate selection that is achievable at a desired probability over a range of propagation
channel conditions.

22,  The wireless communication device {12) of claim 21, wherain mapping a receiver input
signal quality for the wirgless communication device (12) lo a dala rate selection thal is
achievable al a desired probability over a range of propagation channel conditions comprises
using a Cumulative Distribution Function (CDF) and the receiver input signal gualily to identify a
data rate that is achievable with respect to a desired error limit over a range of hypothesized
propagation channel realizations,

23. The wireless communication device (12) of claim 22, wherein usirg a Cumulative
Distribution Function (CDF) and the receiver input signal quality to identify a data rate that is
achievable with respect to a desired error limit over a range of hypothesized propagation
channel realizations comprises selecting a COF curve that relates received signal quality to
achievable data rates over a set of hypothesized propagation channel realizations.

24.  The wireless communication device (12) of claim 23, wherein the one or more
processing circuits (40) are configured to generate one or more CODF curves to support mapping
of the received signal qualily based on eslimaling long-term propagation channel conditions for

the propagation channel associated with the wireless communication device (12).

25. The wireless communication device (12) of claim 24, wherein the one or more
processing circuits (4) are configured to generate one or more CDF curves to support mapping
of the received signal qualily based on estimaling long-term propagation channel conditions for
the propagaltion channel associated with the wireless communication device (12) by generating
the one or more COF curves based on one or more of long-term propagation channel estimates,
rate-of-travel of the wireless communication device (7 2), type of dala services active for or
requested for the wireless communication device (12). downlink bandwidih assigned to or
available for the wirgless communication device (12}, and a madulation and coding scheme
being used for or desired for the wireless communication device (12).

21

Charter Communications, Inc.
Exhibit 1008
Page #1241



10

15

20

25

30

35

WO 2007/136337 PCT/SEZ00T/050216

26.  The wireless communication device (12) of claim 17, wherein the second algarithm
comprises mapping a receiver input signal qualily for the wireless communication device [12) lo
a dala rale selection that is achievable for propagation channel conditions corresponding to the
current propagalion channel estimateas.

27.  The wireless communication device {12) of claim 17, wherein the wireless
communication device (12) includes memory (42) storing receiver performance data for use by
the one or more processing circuits (40} in generating the channel quality information in al least
the first mode, said receiver performance data characlerizing a type of receiver corresponding
to the wireless communication device (12) and identifying, for each in a plurality of receiver input
signal qualities, supported data rates for a plurality of propagation channel realizations.,

28.  The wireless communication device (12) of claim 27, whergin the first algorithm
comprises selecling a receiver inpul signal quality corresponding lo a receiver input signal
quality measurement made by the wireless communication device (12), and identifying a data
rale that can be supporied for the receiver input signal quality over a range of propagation

channel realizalions.

29.  The wireless communication device {12) of claim 27, whergin the second algarithm
comprises selecling a receiver input signal quality corresponding to a receiver input signal
quality measurement made by the wireless communication device (12). selecting a propagation
channel realizalion or a constrained range of propagalion channel realizalions corresponding to
propagation channel estimates made by the wireless communication device (12), and
identifying a data rate can be supported for the receiver input signal quality and the selected
propagalion channel realizalion or consirained range of propagalion channel realizations.

30. A base slation (10) comprising one or more processing circuits (60) configured to
determine channel quality information for a transmit propagalion channel corresponding to a
wireless communication device (12) associated with the base station (10), based on:
in a first mode, generating channel quality information accerding o a first algorithm thal
does not depend on current propagation chanrel estimates for the wireless
communication device (12); and
in a second mode, generaling channel guality informalion according to a second
algorithm that depends on current propagation channel estimates for the wireless

commurication device (12).
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31, The base slation (10) of claim 30, wherein, in the first mode, the base station [(10)
receives at least receiver input signal quality information for the wireless communication device
(12), and wherein the first algorithm comprises mapping receiver input signal quality to a dala
rate that is achievable at a desired probability over a range of propagation channel realizations.

32, The base station (10) of claim 31, wherein the base station (10) s configured to map a
receiver input signal qualily for the wireless communicalion davice (12) to a data rate selection
that is achievable at a desired probability over a range of propagation channel conditions
comprises using a Cumulative Distribution Function {CDF) and the receiver input signal quality
to identify a data rale thal is achievable with respect to a desired error limit over a range of

hypothesized propagation channel realizalions.

33 The base station (10) of claim 32, wherein using a Cumulative Distribution Function
(CDF) and the receiver input signal qualily to identify a data rale that is achievable with respect
to a desired error limit over a range of hypothesized propagation channel realizations comprises
selecting a CDF curve that relates received signal quality lo achievable data rates over a set of
hypothesized propagation channel realizations.

34. The base station {10} of claim 33, wherzin the base station (10) is configured to
generate ong or mora COF curves to support mapping of the received signal qualily based on
eslimating long-term propagation channel condilions for the propagation channel associated
with the wireless communication device (12).

35,  The base station {10) of claim 34, whergin the base station {10} is configured to
generate one or more CDF curves to support mapping of the received signal quality based on
eslimating long-term propagation channel condilions for the propagalion channel associated
with the wireless communicalion device (12) by generating the one or more COF curves based
on one or more of long-term propagation channel estimates, rate-of-travel of the wireless
communication device (12}, type of dala services active for or requested for the wireless
communication device (12}, downlink bandwidth assigned to or available for the wireless
communication device (12}, and a madulation and coding scheme being used for or desired for

the wireless communication device (12).

36, The base station {10} of claim 30, whergin, in the second mode. the base station (10)
receives receiver inpul signal qualily informalion and propagation channel estimates for the
wireless communication device (12), and wherein the second algorithm comprises mapping
receiver input signal quality to a data rate that is achievable for a particular propagation channel
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realization, or for a constrained range of propegation channel realizations, corresponding to the
propagation channel estimates.

37. The base station (10) of claim 30, wherein the base station (10} is configured to select
operation in the first mode f it receives receiver input signal qualily information for the wireless
communicalion device (12) without receiving corresponding propagation channel estimates for
the wirgless communication device (12).

38, The base station (10) of claim 30, wherein the base station (10) is configured to select
oparation in the first mode if it determinas that propagation channel estimates for the wireless

communication device {12) are not reliable.

38.  The base station (10) of claim 30, wherein the base station (10) is configured 1o select
operation in the first mode if the wireless communication device (12) is operating in fast fading
conditions, and is configured to select operation in the second mode if the wireless
communication device (12) is not operaling in fast fading conditions.

40. The base station {10} of claim 30, wherein the base station {10) includes memory (62)
storing receiver performance data for use by the one or more processing circuils (60) in
generating the channel quality infarmation in at least the first mode, said receiver performance
dala characterizing a type of receiver coresponding 1o the wireless communication device (12)
and identifying, for each in a plurality of receiver input signal qualitiss, supported data rates for a
plurality of propagation channel realizations.

41, The base station {10} of claim 40, wherein the first algorithm comprises using the
receiver performance dala to select a receiver input signal quality corresponding to a receciver
input signal quality measurement made by the wireless communication cevice (12), and identify
a data rate that can be supported for the receiver input signal quality over a range of
propagation channel realizalions.

42.  The base station {10) of claim 40, wherein the second algorithm comprises using the
receiver perfformance data lo select a receiver inpul signal quality corresponding to a receiver
input signal quality measurement made by the wireless communication device (12), select a
propagation channel realization or a constrained range of propagation channel realizalions,
corresponding to propagation channel estimales made by the wireless communication device
{12), and idenlify a dala rale can be supported for the receiver input signal quality and the
selected propagation channel realizalion or constrained range of propagation channel

realizations.
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43. A method of characterizing receiver performance, said method characlerized by:

for each of a number of receiver input signal qualities and each of a number of
modulation and coding schemes, computing an error rate expected for each of a
number of propagation channel realizations:

for each of said receiver input signal qualities and each of said modulation and coding
schemes, computing a data rate that can be supporied for each propagation
channel realization; and

for each receiver input signal quality, computing the cumulative distribution function of

the supported data rates corresponding to the propagation channel realizations.

44, The metheod of claim 43, wherein computing a data rate that can be supported for each
propagation channel realization comprises delermining the data rate (R) that can be supported
as a function of a data rate (R, corresponding lo the modulation and coding scheme, and a
Block Error Rate (BLER) expected for the propagation channel realization.

45, The method of claim 44, wherein determining the data rate (R) that can be supported as
a function of a data rate (R} corresponding to the modulation and coding scheme, and a
Block Error Rate (BLER) expected for the propagation channel realization comprises calculaling
R as R = Rg (1-BLER).

46, The method of claim 44, wherein determining the data rate (R) that can be supported as
a funclion of a data rate (Ruy.s) corresponding to the madulation and coding scheme, and a
Block Error Rate (BLER) expecied for the propagation channel realization comprises caiculating
R as R = Raes/(1-BLER})

47, The method of claim 43, wherein computing a data rate that can be supported for each
propagation channel realization comprises determining the data rale (R) that can be supported
as a function of a data rate (Rpe) corresponding to the modulation and coding schame, a Block
Error Rate (BLER) expecied for the propagalion channel realization, anc a target Block Error
Rate (BLER(target)).

48. The methed of claim 47, wherein determining the data rate (R) thal can be supported as
a function of a data rate (Rne.) corresponding to the modulation and coding scheme, a Block
Error Rate (BLER) expected for the propagation channel realization, and a target Block Error
Rate (BLER(target)) comprises determining R as R = R if BLER = BLER(targat). and
otherwise determining R as R = 0.
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49, A method of providing rale adaplalion feedback from a wireless communicalion device
(12) to a supporting wirgless communication network characterized by storing receiver
performance data determined according to the method of characterizing receiver performance
of claim 43, and, in a first mode of operalion, selecling a suppored data rale using the receiver
performance data according to a receiver input signal guality carresponding to measurements
made by the wireless communication device and a desired probability of achieving the selecled
data rate for a range of propagation channel realizations, and, in a second mode of operalion,
selecting a supported dala rate using the recever perfcrmance data according to a receiver
input signal quality corresponding to measuremenls made by the wireless communicalion
device and a particular propagation channel realization, or a consirained range of the
propagation channel realizations, corresponding to propagation channel estimatas for the
wirgless communicalion device (12).
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ratus for link sdapration comprises:; classilication module
tor classibying radio channels; setting module tor setting a
set of limk adaptation modes; and mode selection module
for selecting a corresponding lik adapiation mode from
the senting module sccording 1o the tvpe of the classified
todio choonel. By sccordingly selecting effective lnk
adaprion modes in accordance with ditferent rypes of ra-
die chonnels, reolizing the throughput muximiztion of
svatern in ditferent fading channels can be ensured, and
the stable and reliable link guality can be maintained,
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X

t A& A9 W R EEARITH SINR(1), AT RT3 0, MFFER R H
t0+n, St n ARG IEL T O iR S L ATE 2] 36 AT R
TR A SINR(tx), tx<t0, M: PPef/fiFiml25 & SINR estimate(t0+n)
SINR._estimate(t0+n)=SINR(tx). t & & 4945 4Hi% £12% Em(t), ¥:
Err(t)— |SINR estimate(t)-SINR(t))

THRE (T ) Thee X KRE:

#LE JHZL P(Er(t) € Error_threhold | t = t0-w+1,t0-w+2,....10) 2PI1, 0 <Pl
<1, w0, 3 F Error_threhold # %3+i% 26511, % En(t) < Error_threhold
FoF ratalEit B, TR 4EH485%, Error_threhold A/~ &iH45 8 8 KA,
BZ W it AR, P1 AT E A e R TR, Bp B AR A5t eh e b
Pl. & E#MGHEBERTNRME Pl &, AEEEZ TR T AT
B (RARTT ARG ) . BF. wiorgthotE g, walll, 128K 20
G AL, Soit el Rt ARCESN, AR dndisiAuth, PlETHAR MR T
f&,

(2) MR BAFME: HLMTRRSA T, THRGY, PPHRGR 2 £ T
B E A,

IR A9 A R b, Al RARE,

W AR TR AR AR, R ML GMEE R E R SINRUO-w' 1),
SINR(10-w’ +2),.... SINR(t0), KALIE BAL () SINR (t) . t= t0-w’
+1, 10-w" 42,10 Bl 2SR (069 E AR K, 1% fO=SINR(t), t =
10-w' +1,10-w" +2, J L fLTM 25 A& SINR estimate (t) =f (1) . E¥Fw’
FoT R RS O A RAAT R REL, Blde = B dRAR. R REL
A REAB S AX BT
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it A SCEIRIARA,  BP AR LA A S B AR

P(x) = P { SINR(t)<x | t =t= (0-w* * +1, 10-w * +2.....00) » 5% P(x)#4 alpha
S, AR AHsit LA A 4k K SINR estimate(t). PP, SINR estimate(t)
= P! (alpha) , P'(x)% P(x)49& &dk: 0<alpha<1, alpha A%k ik HA 5T
FHAE, Rk FATHHAS;

IR 202, AREFAKEHGH LA FE LG TITEFLEEENEE
A, PPiBAdAEE ) R ALTH YRR RN,

R 202 92,5

2021, A HELAFERLTEREE, LN —ROERFANT, 4o
R F XA T 0 FHF X

2022, AR £ 65 N RN F 45 R, do s R A PP A HUMABEA T =T Bl ag,
WEAEE AR, R EADLATNESN T THNG, MEEE4E
REARE; TR AHRREEE,

WER 203, ARAEAFI 202 PR AKS AR ELEY, AL aEER
AES b iaFad i g

Yo R AZil HFiE{EE, DA E AR, wR{FE HER BT,
MR B S AR TRAMAER e RATIH H R EAT, iR 2SI
e

TR 204, RF|EAKGHENY R HEGRX, S HAALTR G
£ &R e,

Mo ik 6915 1 A FE LT ed @46 13 Fokb ( Signal Interference Noise
Ratio, SINR ) . &3 % ( Block Error Rate, BLER )

i%, JEAFAMIE A LAEA SINR(). A8 %) % SINR estimate(tx);
4538 4 £ 25 ot B o945l £ FAE L4 T

F-124Fi F: SINR estimate(tx)=SINR(t)

HEFEAZE T SINR estimate(tx)=f{tx);

B
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HeE EAZA T SINR estimate(tx)=P ' (tx).

AR 205, ARAEHFR 204 I 61E H AR L, KF 5 AEELY
SRk k&

1% 1506915 F 5k ( Signal Interference Noise Ratio, SINR ) Hist|#5 &
# SINRI, ob#493%3 3 (Block Error Rate,BLER ) &K% BLERI; #
SINR=SINR1, BELR=BLERI1 ### T $£36 57 ik 15 3] 69 K K ik & 4 H %54
7 &1 ( Modulation Code Scheme, EP MCS1) , W) A&7 54 & £ & % MCSI.
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(34) METHOD FOR LINK ADAPTATION AND APPARATUS THEREOF

(57) A method for link adaptation includee: classify-
ing aradiochannel; setting a &t of link 2daptation mooes;
and salecting a corrasponding link adaptation moda ac-
cording te a radie channel type. An apparatus for link
adaptation includes: a classification madule for perform-
ing a classification on a radio channel; a setting module
for safting a set of link adaptation modes; and a moda

selection module for selecting a cormesponding link ad-
aptation mode from the sefting module according to a
raglo channel typa of the classification. The prasent in-
vention accordingly selects effective Fnk adaptation
maodes in accordance with differant types of radio chan-
nels, and is able to ensure (o implement the maximum
system throughput in different fading channels and main-
tain the stable and reliable link quality.

Classifying radio charmels r__---r"'

— e W

Serting 3 link achptation mode ser f——

%

|
Selecting » correeponding link adapestion |~

—

103
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Description

Technical Figld

[0001] The present invention relates to wireless com-
munication systems, and more particularly, 1o alink ad-
aplation technique.

Background of the Related At

[0007] Inthe step of classifying the radic channe!, tha
radio channel is classified into:

aflat chanral, a slowfading channel and a fast fading
channel; or

the slow fading channel and the fast fading charnel;
or

1 the slow fading channel, the fast fading channel and
[0002] In wireless communication systems, since the a mutant chanmnel,
regio channel is cormplex and there is no fived rules to
fallow, in ardar to imolement the maximum throughput of [0Q08] The link adaptation mede set includes: an in-
the wirelese communication systemg, wireléss commu- stantanecus value prediction mode, a historical value
nication systems are expected to be ableto autematically 5 prediction mode, a statistical quantile prediction mode
adjust the transmiselon rate according to the channel and a mutation processing mode.
caondition change, namely the link adaptation technique. [0009] The step of zelecting the comesponding link ad-
The corventional method for link adaptation is taking the aptation mede acconding to the ratio channel type com-
latest channel quality measuremeant result as a basis of prises: determining a current radio channel type by an-
selecting the future link rate, & alyzing historical measurement information of the radio
channel, and selecting the cormesponding link adaptation
Summary of the Inventicn moade fram the fink adaptaticn mode set acconding to the
currant radio channel fype,
[0003] Inthe priorart, the comvantional method for link [0010] After the step of selecting the corresponding
adaptation is taking the latest channel quaity measure- 25 link adaptation mode according to the radio channel type,
ment resulte as a basie of selecting the future link rate, the method also comprises: cbiaining channel pradiction
and this method has the following preblems: information at a te-be scheduling time according to the
raclo channel type andthe carresponding link adaptstion
the channel quality measurement results slways maode, and cblaining a link rate matching with tha channel
conlain measurement errors and random interfer- 30 prediction infarmation at the to-be scheduling time.
ence affects, namaly the measurement results can- [0011] Anather aspect of the prasent invention also
not accurately reflect the actual channel conditions; provides an apparatus for link adaptation, which com-
prises:
radio channel conditions randomby change with the
change of the time, and thet is to say that the past 36 a classification module, which is configured to clas-
measurement rasults cannot complately reflect the sity a radio channel;
future channel conditions.
a setting modube, which is configured to set & link
[0004] Inview of this, the technical prablam to be solve adaptation mode se&t; and
in the present invention Is to provide a method and an 4
apparatus for link adaptation, which are able 1o ensure A mode selection module, which is configured 1o se-
the maximum throughput of the system implemented in lect a correspending link adaptation mode from the
different fading channels and maintain (he stable and re- selting module according 1o a radic channal type in
liabsle link qualty, the classification.
[0005] To solve the above technical problem, one ag- 45
pect of the prezent invention is to provide a methed for [0012] The classification module iz configured to per-
link adaptation, and the method comprises: farm the classication on the radie channel based on a
time-variant characteristic of the radio channel.
classitying a radio channe |, [0013] The classification module Is configured to clas-
50 gify tha radio channels inte:
setling a link adaptation mode set; and
aflatchanrel, aslowfading channel and a fastfeding
selecling a corresponding link adapiation mode ac- channel; or
cording to & radio channel fype.
&5 the slow fading channel and the fast fading charnel;
[0206] In the step of classifying the radio channel, the or
ragio channal is classified based on a ime-variant char-
acteriztic of the radio channel, the slow fading channel, the fast fading channel and
2
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a mutant channel,

[0014] The link adaptaton mede st includes: an in-
stantanecus value prediction mode, a historical value
prediction mode, a statistical quantile prediction mode
and a mutation processing mode,

[0015] The mode zelection module ks configured to se-
lect thi corespending link adaptation mode according
to the radio channel type in & following way:

determining a current radio channel type by analyz-
ing histarical measurement infarmation of the radio
channal, and selecting the corresponding link adap-
taticn mode from the link adaptation mode set ac-
cording to the current radio channel type.

[0016] The apparstus also comprizes:

& channel leaming module, which is configured to
anelyze and process the historical measurement in-
formation of the radio channed to obtain & the current
radio channel tyoe; and

a link rate detemmination module, which is configured
to: cbtain the channed prediction intormation 2t a to-
be scheduling ime according to the radic channel
type and tha corresponding link adaotation mode,
and select a link rate matching with the chanrel pre-
diction infemmation at the te-be scheduling time.

[0017]  With the technique in the present invention, an
effective link adaptation precessing mode can be select-
ed specifically acconding to different radio channel types,
which iz able 1o ensure to implement the maximum sys-
tem throughput in differert fading charnels and to main-
tain a stable and reliable link quality.

Brigf Dascription of Drawings

[0018] The drawings described herein is used to pro-
vide & better understanding of the present invenzion and
forms a part of this application, the llusimalive examples
of the present invention and their desceriptions are used
to explain the present invention rather than forming the
improper rastriction on the present invention. In the draw-

ings:

FIG. 115 a low chart of the method for link adaptation
in accordance with the prasant invention;

FIZ. 2is & low chart of the method for link adaptation
in accordence with the example 1 of the prazent in-
ventian,

FIE. 3 ks a schematic diagram of the classification
of the radie channels;

FIG. 4 15 & block diagram of the apparatus for link

adaptation in accordance with the prasent invention.
Preferred Embodiments of the Present Invention

[0019] The specific embodiments of the present Inven-
tion will ber illustrated in detail with reference to dawings
and examples.

[0020] The basicidea of the methed for link adaptation
in accordance with the present invention is shown in FIG.
1, which comprises:

step 101, the radio channels are classified;
stap 102, a link adaptation mode set is set;

stap 103, a comesponding link adaptation mocde ls
selected according to the radio channel type.

Example 1

[0021] AsshowninFIG. 2, this example comprises the
fellawing steps of:

step 201, the radio channels are classfied, and the
comesponding link adaptation mode set is set.

[0022] Specifically, inthis example, the radie channgls
are classified into three types according to the time-var-
iant characteristics of the radie channels, and ag shown
inFIG. 3, the three lypes of radio channele are: flat chan-
nels, slow fading channels and fast faging channals;
then further a comesponding Ink adaptation mode setls
set according to the channel fading types;

the correzponding link adaptation mode set includes: an
instantaneous velue prediction mode, & historical value
prediction mode and statistical quantile prediction mada,
wherain:

the Instantaneous value prediction mode refers to
take the latest channel measurement result as a ba-
sigtoselect A link rate atthe channel scheduling time.

[0023] The historical value prediction mode melers to
use the curve fitting meathod to pradict the channel con-
ditions at the to-be scheduling time according 1o the hig-
torical channel measurement resuits for use by selecting
the link rata.

[0024] The statistical quantile prediction mode refers
to take a certain quantile of the cumulative distnbution
functien of the historical measurement results s& the ba-
sis 1o select the link rate at the to-be scheduling time. For

exampie:

(1) flat channels: in the instantaneous value predic-
tion mode, and predicteble, that ks, the prediction er-
ror ig in the acceptable range;

SUppOSE:
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the channel measurement resull al the time 11z
denoted as SINR[t), the current time is denoted
as th, the to-be scheduling time is t+n, where
n s the sum of the system processing delay and
the alr interface transmission delay; the latest
measurement result obtained at the currant time
s SINA(x), and <10, therefore: the instanta-
neous value prediction result SINR_estimate
(t0+n) s SINR_sstimatelt0+n)=SINR{L), the
estimation arror at the time t is dencted as Err
{t}, then: Errit) = ISINR_estimate(t)-SINR{HI
The predictable (estimable) probability ia ex-
prassed as:

the probability function P{Ert<Emor_threholdl
T = 10w+ 10-we2,.. 10) 2F1, 0=P1=1, w=d,
where Errcr_threshold is the estimaticn armor
threshald, when Em{ty<Emer_threhold, it indi-
cates that the estimation at the time tis comect,
otherwise, it indicates that the estimation is
wrong, and the smaller the Ermror_threshold is,
the higherthe estimation precision is, clherwise,
the estimation precizgion is lower, P1 denotes the
probability thresheld of the correct estimation,
and that is, the probability of comect estimation
s F1. When the probability of comect estimation
Is larger than the threshold P1, it indicatas that
the channal is estimable in this prediction mode
{or predictable). Where, w Indicates the statisti-
cal tme window length, and the smaller the w
is, the lower the switching between the channel
modes is, the more accurate the statistical result
is, the faster the switching between the devel-
opment modes is and the lewer the judgment
precision is.

{2) Slow fading channals: in the historcal value pra-
diction mode, and predictable, thal is, the prediction
emor is in the acceptable range.

The concept of predictability Is 88 the above descrip-
tion and Is not repeated hereln;

the historical wvalue prediction mode refers 1o use
the histarical channel measurement results SINR(I0-
w'+1), SINR{I0-w' +2),--, SINR(10}, use the selscted
basis function f{t) to perform the curve fitting en SINR
{th, b= t0-w, + 7, 10w, +2, - 10 to oblain the mathe-
matical expresgion of f{t), 2o that T (t) = SINR (t), t=
10w +1, thw' +2,-- 10, The historical velue predic
tion result SINF_estimate [t)=1(1). Wherew denctes
the number of historical measurement results; f[t)
can be any basis functions such as the trigonometric
function, the power function, the logarithmic function
as well as the polynomial function and 30 on,

{3) Fast Fading Channels: other cases, that is, un-
predictable;

those are unpredictadle by the above two methods
are determined as the fast fading channals, and the
corresponding link adaptation mode Is the statistical

quantile prediction mods;
the statistical quantile prediction mode s the mode
applying the probability distribution function:

Fix}) = P(SINR(t}<x | t =t= 10-w"+1, tD-w"+2,...,
10}, the guantile at the point of alpha of the P{x)
Is taken as the statistical qguantile prediction re-
sult SINR_estmate(t), that is, SINR_estimate(t)
= P{alpha) , and P-'{x) is the inverse function
of P{x}); O=alohas1, the larger the alpha is, the
higher the rate is, and the worse the reliability
is, ctharwize, the lowerthe rate is, andthe better
the reliabilty is;

shep 202, the tading type of the radio channel is
obtained according to the analysis of the histor-
lcal measurement information cf the radio chan-
nel, andthat 13, the fading type of the radio chan-
nel is obtained via the channel learning.

[0025]

2021, the historical measurement results are de-
noised, and e ganeral de-noising way can be used,
for example the filtering way or the shiding window
AvVarage way;

Step 202 comprises:

2022 N historical measurement resulis ane ob-
served, and if the channel iz precictable in the In-
stantanecus value prediction mode, the channel is
a flat ehannel; if the channel i predictable in the
histerizal value prediction moda, the channel 1s a
slow fading channel; otherwise the channel is a fast
fading channel,

[0026] Step 202, a link adeptation mode is selected
from the link adaptation mode set according to the fading
type of the radio channal obtained in slep 202;

it the channel is a flat channsl, the instantaneous value
prediction mode Is selactad; it the channel s a slow fading
channel, the historical value prediction mode is selected;
and if the channel iz a fast fading channel, the statistical
guaniile prediclion mode is selected.

[0027] Step 204, the channel condition prediction in-
formmation at the to-be schaduling time point is obtained
according to the radio charnel type and link adaptation
mode;

the channgl condition prediction information might in
clude the Signal Intedferance Meoise Radie (SINR), and
the Bleck Error Rata [BLER), and o on;

itis assumadthatthe latest historical measuramentvalua
is SINA(t), and measuramant value at the to-be schead-
uling time is SINR-estimate(ix);

the channel condition prediction informalion comespond-
ing to the channel classification results is as follows:

in flak channels: SINR estimate(tx) = SINR{t);

In glow fading channels: SINR estimate(tx) = fjx);
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in tast fading channels: SINA_sstmate(t)=P-1(bx).

step 205, the maiching link rate is odtzined according
to the channel condition prediction Information ob-
tained in step 204,

It s assumed that the channel SINR prediction result
s SINR1 and the service BLER reguirement is
BLER1; the maximum rate that can be reached by
the link in the cenditions of SINR=SINA1 and
BELR=BLER1 is the Modulation Code Scheme 1
(MCE1), therefare, the output result in this step ia
MCS1.

[0028] Step 206, the link adaptation process is com-
plate.

Example 2

[0029] In addtion, the present invention can further
classify the radio channels into two types accorging to
the time-vardam characterstice of the radio channels,
namaly: slow fading channels and fast fading channals.
The processing method is as the examgala 1 and is not
repeated herein,

Example 3

[0030] In addtion, the present invention can further
classify the radio channels into: fagl fading channels,
show fading channels and mutant channels according to
the time-variant characteristics of the radio channels.,
[0031] Wherein, the method for processing the fast
fading channels and the slow fading channels Is as the
example 1 and is not repeated herein,

[0032] Foramutant channel, the channel is suddenty
good or bad, the cormresponding link adaptation mode is
the mutation processing mode.,

[0033] Forthe mutant channel, the mutant processing
mode |5 applled, and the mutation processing mode re-
fers to: clear the historical information, use the initial de-
fault channel prediction way which might use any one of
the historical value prediction mode or the instantanecus
value pradicticn mode, and the spedific salaction is da-
termined according to the data reliability requirements.

Example 4

[0034] Eased on the same inventive concapt, the ex-
ample ¢f the present invention also provides an appana-
tus forlink adaptaticn, since the principhe of the apparatus
tfor solving the problem ks similer to the method for link
adaptation, lhe implementation of the epparalus can refer
to the mplementation of the method, and the overlaps
are not repeated heneln.

[0035] FIG. 4 shows a schematic diagram of the struc-
ture of the apparatus for link adaptation in accordance
of the present invention, and as shown in FIG. 4, the

apparatus comprizes a classification module, a setting
meodule and a mode selection module, wherein

the classification module 401 is configured to perform a
clazsificatlon on the radle channeals;

the setting module 402 Is configured to set a link adap-
tation mode sat;

the mode selection module 403 Is configured to select
the corregpending link adaptation mode from the setting
maodule accoerding to the mdio channel type in the clas-
sification.

[0036] Freferably, the apparatus forthe link adeptetion
in the present invention also comprises a channel leam-
ing modula and alink rate determination modula, wherain
the channel learning module is configured to analyze and
precess the historical measurement information of the
rache channels 1o obtain the current radie channel type,
the link rate determination module 1s cenfigured to obtain
the channel prediction information at the to-be scheduling
time according to the radio channel type and the come-
sponding link adaptation mode, and to select the match-
ing link rate.

[0037] It can be understood by those skilled in the art
that some or all steps in the above mentionad method
can be fulfilled oy instructing the relevant hardwarne with
a program, and said program is stored in @ computer
readable storags medium such as the read only memery,
the magnetic disk or the optical disk. Optionally, some or
all steps in the above mentioned examples can be Im-
plemented with one or more integrated circuits. Corre-
spondingly, each module/unit in the above mentioned
examples can be implamented in the form of hardware
or in the form of scftware function module, or their com-
binations.

[0038] The principle of the present invention i ilue-
trated in cetail in the above description, however, the
daescription is only a plurality of examples ilustrated for
understanding the prasent invention rathar than the re-
striction of the protection scope of the present invention.
Forthose skilled in the art, varicus corresponding mod-
ifications and transformations can be made sccording to
the present invention without daparting from the spirit
and essence of the present inwention, and such modifi-
calion or transformations should fall inle the protection
scope of the appanded claims of the prasent invention.

Industrial Applicability

[0039] With the technique in the present irvention, an
aftective link adaptation processing mode can be select-
ed specifically according to eifferent radio channel types,
which is able ta ensure the maximum system throwghput
In different fading channels and tc maintain a stable and
reliable link qualty.

Claims

1. A method for link adaptation, wherein, the method
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compriging:

classifying a racio channel,

setting a link adaptation mode set; and
selecting a corresponding link adaptation mode
accerding to a radio channal typa.

Thi method of claim 1, wherein, in the step of clas-
sifying the radio channed, the radio channel is clas-
sified baged on a time-variant characteristic of the
radic channel,

Thia method of claim 2, wherain, in the step of clas-
sifying the radio channe!, the radio channel is clas-
sified into:

& fiat channel, a slow fading channel and & fast
fading channel, or

the slow faging channel and the fast fading chan-
netl, or

the slow fading channel, the fast fading channel
and a mutant channel.

The methed of claim 1, wherein the link adaptation
mode set includes: an instantaneous value predic-
tion mede, a historical value prediction mode, a sta-
tistical quantile prediction mode and a mutation
processing mode.

The method of ciaim 4, wherein the step of selecting
the comesponding link adaptation mode according
1 the ratio channel type comprises:

detarmining a current radio channel tyoe by an-
glyzing historical messurement infarmation of
the radio channel, and selecting the corraspand-
ing link adaptation medsa from he link adagtation
mode set accerding tothe current radio channel
type.

6. The method of claim 5, after the step of selecting the

corresponding ink adaplation mode according lo the
radio channel type, the method also comprising:

oblaining channe! prediction information at a to-
be zcheduling time according to the radio chan-
nel type and the corresponding link adagtation
mode, and abtaining a link rate matching with
the channel prediction infommation at the to-be
gcheduling time.

7. Anapparstus for link adaptation, comprising:

& classification module, which is configured to
perform a classification on a radio channel;

& setting module, which is configured to set a
link adaptation mode set; and

& mode selecticn module, which is configured

LE

10.

1.

12

1o select a corresponding link adaptation mode
from the setting module according to a radio
channel type in the classification.

The spparatus of claim 7, wherein the classification
module is configured to perferm the classification on
the radio channel based on a time-variant charac-
teristic of the radio channel.

The apparatus of claim B, wherein the classification
module is configured o classify the radio channel
inta:

a flat channel, a slow fading channel and & fast
fading channgl; or

the glow fading channel and the fast fadingchan-
nel; ar

the slow fading channel, the fast fading channel
and a mutant channel,

The apparatus ofclaim 7, wherein the [ink adapiation
made et includes: an instamaneous value pradic-
tion mode, & historical value prediction mede, 2 ata-
tistical quantile prediction mode and a mutetion
processing mode.

The apparatus of claim 10, wherein the mode selec-
tion madule 1s configured to select the corresponding
link adaptation mode according to the radio channel
type in a fellowing way:

determining a current radic channel type by an-
alyzing historical measurement infermation of
the radio channel, and selecting the comrespond-
ing fink adaptetion mode from the link adaptation
made sat according to the current radio chennel

type.

The apparatus of clalm 7, the apparatus also com-
prising:

a channel learming module, which is configured
o analyze and process historical measurament
information of the radic channel to abtain a cur-
rent radio channel type: and

a link rate determination module, which is con-
figured to: obtain the channel prediction infor
mation at a to-be scheduling time according to
the radio channel type and the cormasponding
link adaptation mode, and gselect & fink rate
matching with the channel prediction informa-
tion &t the t-be scheduling time.
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Classifving radio channels B
102
Setting a link adaptation mode set
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Selecting a corresponding link adaptation
mode according to the channel type
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Classifying radio channels and
setting a link adaptation mode set
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Identifying the radio channel type
according to the analysis of the
histonical value of the channel

measurement information

Selecting a link adaptation mode
from the link adaptation mode set
according to the channel type

Obtaining the channel condition
prediction information at the scheduling
time according to the channel type
information andmt:g link adaptation

e

Determining a link rate matching with
it according to the channel prediction
information in the last step
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[K]  thetunt is approved as subminas by the appsisant
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PATENT COOPERATION TREATY

From the
INTERMATIONAL SEARTHING ALTHDERITY

!

| | -

| WRITTEN OPINION OF THE

! soa form PCTABAR20 | INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)

i gl ==
i rdapinonthieart  see foem PCTASARID (second shael)

o e “toon e B
i see form PCTASAR20 | See paragraph 2 hek :
T - e i T P e |

POTAIS2011.063326 P Ds2.20m i
ImmmlumnlfﬁamMm'lPEmmm Ao RS e . l
| INV. HO4L1256 Ho4L1228 |

Ao § S e .

1. This opinion contains indcations relating to the following items: '

& BoxMe.i  Basisof the opinion

O Box Mot Priodity

1 BoxMo. il Mon-ostablishment of apinion with regard to novelly, invantive step and industdal applcability
[0 Box Mo iV Lack of urily of invention

Bl BoxMNo. ¥ Reasored statement under Ruts A3biz. A{ali} with regasd 0 novelly, inventive slap and industrial
applicatifity; ciztions and explanations supporing such stalemant

B Boxime. Vi Gerain documems cited
[J Boxho. Vil Ceriain defocts in the Intarnational application
L Box ho. Vil Certain obsenvations on the international application

S & FURTHER ACTION

if & demand for intarmational pretimirary examination is made, this opinion wil usually be considered to be a
wrilter opinion of the Intomational Praiminary Exarmining Authority (PEAT) excapl that this does nat apply where
the agplicant chooses an Avlhosity other than this on2 10 bo the IPEA and the chosen IPEA has notifad the
ntemational Bureayw under Rule BE. 1his(b) that wrilten opinions of this Intemational Searching Authorily

witl not be so considarad,

if this opinion is, as previdad above, corsidered 1o be a witten opinion of the IPEA, the applicant is inviled to
subrrit to the IPEA a writlan reply togelher, where appropriate, with amendments, betare tha axpiration of 3 months !
from: the date of mailing of Form POTASAR20 or belore the expiration of 22 months from the ooty date,
whichever expiros lator,

For turlher opticns, see Form POTASAR20,

3. For lerther details, see nolas to Form PCTASAZED.

e . |

[ Mame and maiing acciess of the (G4

| @ Eproponn Patent Ofhes

| 56 form Schneider, Gernot i
80208 Munich | POTASAR10
Tei. 149 89 2399 - 0 Teleghone No. +40 B9 2309 7515wy
e e 40882009 - 4468 S

Form POTASARIY (Cover Shoolk (duly 20om
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WRITTEN OPINION OF THE Iniernational application Mo.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS201 1063326

Box Mo.i Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
& the international application in the language in which it was filed

O atranslation of the internationa’ application into | which is the language of a translaticn fursished ior the
purposes of intarmatonal search (Hules 12.3(a) and 23.1 (kb))

2. L1 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notilied to this Authority under Rule 81 (Rule 43bis.1{a))

3. With regard o any nucleotide and/ior amino acid sequence disclosed in the international applicadion, t™his
apinion has besn established on (e basis of a sequence listng filad or furnished:

a. imeans)
& on paper
{1 in electronic form
b. {tima}
{1 inthe imernational appication as filed
1 together with the international application in electronic form
O subsequently to this Authodity for the purposes of saarch
4. [0 In addition, in the cass thal more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additiora’ copies is idontical o that in the
apptication as filed or does nof go beyord the application as Tiled, as appropriate, were furnished.

5. Additional comments:

Box No.V  Reasoned statement under Rule 43bis.1[a)(i} with regard to nowvelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement
Movelty (M} Yas: Claims
MNo:  Claims 1-585
Irvantive step (1S} Yes: Claims
No:  Claims 165
Induslrial applicability (IA) Yes: Claims 1-55

Mo Claims

2. Citaticns and explanations

sae separate sheet

Form POTABA 237 JApri 2007)
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WRITTEN OPINION OF THE Infernational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/063328

Re ltem V
Reasoned staternent with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Bl

The wording {("wherein the second WAN _comprises the second WAN") of
claim 4 is unclear, thereby rendering the definition of the subject-matter of
said claim unclear (Articlte 6 PCT).

2 The present application does rol meel the crileria of Article 33{1) PCT,

because the subject-matter of claim 1 is not new in the sense of Article 33(2)
PCT.

2.1 The document 1 discloses (the references in parentheses appiying to this
document):

vi fwi in i AN h i

mﬂ&u@m&@mﬁmﬂmmg 3 bm& 10: G? 925 I3
"In addition, system 10 can be configured to support other possible Loop
bonding techniques that are used to implement DSL bonding according to the
(.998 series of ITU-T Recommendations, which simply increases the data
rate in proportion to the number of bonded lines.")

29 This corresponds to the wording of the present claim 1. Therefore the subject
matter of claim 7 is not new and hence said claim does not fulfill The
requirements of Article 33(2) PCT.

3 Dependent claims 2-37,39-53 do not contain any features which, in
combination with the features of any claim to which they refer, meet the
requirements of the PCT in respect of novelty and/or inventive step. the
reasons being as follows:

claim 2,13: Bandwidth sharing p12, 1 1

Foomn POTESAGS Y (Separate Snee) [Sreed 1} (EP0-Apid 2005

Charter Communications, Inc.
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WRITTEN OPINION OF THE Ilarnational appication No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/063326

claim 3,7,8,20,32,35,36: ¢cf D1 fig 3

claim 4,30: lriple play to 18P ¢fD1p 1012

claim 5,9,12: different IP addresses: implictly given by DHCP { cf D1 fig 9)
claim 6: different service provider (cl fig 7a )

claim 10: address lranslation: obvious for the skilled person as it is included in
every home router

claim 11: VLAN IPTV,VOIP: cf D1 p24 third paragraph

claim 18: layer 3 bonding: obwious for the skilled person
claim 14: indirect communication link:cf D2 fig 3 ring topology
claim 15:backup path cf D2 fig 3

claim 17,35: separate aggregation unit Cf D1 fig 3

claim 18,26: integrated aggregation unit: ¢f D1 ¢f fig 7a

claim 21-25,27,28:WLAN services: of D1 fig 4C

claim 31:'WAN connection choices:ci D1 p 14 third par.

claim 33,34:layer 2 connection { cf fig 8a)

claim 37 deaggregation unit( cf fig 7a )

4 Document D1 discloses:

; ,g,m is ﬂgﬂ{gygga |;,: disti n§| froum mg st; LAN,Ict fag 3 ather ?"came netwnrks
for the t!uill:iing}

&mﬂﬂm&ﬂ&ﬂﬁa@mmmcf fig 4 a n DSL lines 1
mmwhamwﬂ&ﬁmw

AN | an
mﬂﬂ&mmmmmﬁm{cf lig 4 a n DSL lines Jand
forming a logically bonded WAN interface over the first WAN backhaul and the
second WAN backhaul.(cf fig 3 box 10; ¢f p 251 3 “In addition, system 10 can
be configured to support other possible Loop bonding techniques that are

Foim PCIABA2IT (Separatn Shoet (Shaet ) {EP0 Aprd 2606
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WRITTEN OPINION OF THE Intermnatioral application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/063328

used to implement DSL bonding according to the G.998 series of IT-T
Recommendations, which simply increases the data rate in proporlion to the
number of bonded lines.")

4.1 The references correspond to the wording of ciaim 38. Thereiore, Claim 38
does not fulfill the requirements of Article 33(2) PCT.

5 Furthermore, the objections expressed in the preceding paragraphs in relalion
to elaim 1 are also valid for the independent claims 54 and 55, which contain
the corresponding features merely in terms of apparatus claims. Thus the
subject matter of claims 54 and 55 does not appear to involve an inventive
step. Arlicle 33(3) PCT .

Form POTERAREY (Seoaate Sheel) (SHhee ) {EPC- A 2005)
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Possible steps after receipt of the international search report {18R) and
written opinion of the International Searching Authority (WO-18A)

General
information

Amanding claims
under
Art. 18 PCT

Filing a demand
for international
prefiminary
gxamination

Filing informal
comments

End of the
international
phase

Relavant PCT
Bules and mare
information

For all internationa! spplications filed on or after 01/01/2004 the competent
{SA will establish an ISR [t is accompanied by the WO-ISA Unlike the
former written opinion of the 1PEA (Fule 66.2 PCT), the WO-1SA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 morths after the date of malling of the 1SR and the WO-15A the
gppficant may file amended claims under Art. 19 PCT directly with the
International Bureau of WiPQO. The PCT reform of 2004 did not change
this procedure, For further information please see Rule 46 PCT as well as
form PCT/ISA/ 220 and the corresponding MNotes to form PCT/ISA 220,

In principle, the WOC-15A will be considered as the written opinion of the
IPEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary axamination, |f the applicant nevertheless wishes
to file a damand this must be done before expiry of 3 months after the
date of mailing of the [SR/WO-18A or 22 months after priority
date. whichever expires later (Rule S4bis PCT). Amendments under Art.
34 PCT can be filed with the 1PEA as before, normally at the same time as
filing the demand (Fule 66.1 (b} PCT).

If a demand for international praliminary examination is filed and no
comments’amendments have been racsived the WO-15A will be transformed
by the IPEA into an [PRP {international Preliminary Report on Pateniability)
which would merely reflact the content of the WO-IS4 The demand can still
be withdrawn (Art. 37 PCT).

After receipt of the |SR/WO-ISA the applicant may file informal comments
on the WO-ISA directly with the Intaernational Bureau of WIPO. These
will be communicaled to the designated Offices togsther with the IPRP
{International Preliminary Report on Patentability) at 30 months from the
priority date. Flease also refer {o the next box.

At the end of the international phase the |nternational Bureau of WIPO will
transform the WO-I58A or, if a demand was {ited, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The 1FRP replaces the former
IPER (internaticnal preliminary examination report).

Rule 43 PCT, Fule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, FCT Newsletter
12/2003, OJ 1172003, QJ 12/2003
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Bitte beachten Sie, dass angefiihrte Nichtpatentliteratur (wie z. B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fir schriftliche
Werke unterliegen kénnte. Die Vervielfditigung urheberrechtlich
geschiitzter Texie, ihre Verwendung in anderen elekironischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdriickliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la litiérature non-brevets qui sont
cites, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protegés par des droits d'auteur et/ou loute autre protection
des ecrits prévue par les législations applicables. Lss textes ainsi
protéges ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Piease be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-disiributed without the
express permission of the copyright holder.
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INTERMATIONAL SEARCH REPORT

{PCT Article 18 and Ru'es 43 and 44)

Applicant's or agent's file refererce FOR FURTHER aas Form POTASALS0
E241P054EOT ACTION as well as, whare appicable, tem & below.
Intematcnal spplication Mo, imemational Sing date {depmeoniyyear) (Earlimat} Prcaty Dabe (sepimanifvyeard
POT/US2011/ 060265 10/11/2011

Applicant

RERIA, INC.

This internatsonal soarch ropert has been prepared by this Intemat onal Searching Authorty and is lranemittod to tho applicant
ascording ba Arbsle 18 A copy is beirg Iranamilled bo the Inlemational Bureau

Thiz intesmatienal searsh sepan consista of atsdaled L shaats
[EI Itig #yo ascomparsed by a copy of each prior a docurrent cited in lhes repodnt.

1. Basis of the report
a4 With regard ta the language, the intematianal search was carried out an the basis of
EEI the Frernational aoplication in the lusguage i which it was filed

D alransiaton of the internaticnal applicaton into , wivich is the languaps
ol a translation farmished for the parposes of intermational search [Fules 12.3{z) and 23.1{E])

] D Inis entarnational search repart i basn estabiighed taking e account the rectitication of an obvious mistake
authorizad by or nodified to this Authority under Rule 51 (Ruie 43 85a(al).

B D Wik regard te any nucleotide and/or aming acid ssquencs caskssd in the mtematanal appicalon, see Box No, |
2 [[] cedainclaims were found unsearchabis (Ses Box No. [f)
3 [_—_| Unity af invention is lacking [see Box Na |1}

4. With regerd to the title,
[x] thetext is approved am submitted by the appicant
[ tretext has been astablished by this Authority to read as follows:

8. With regard 1o the abatract,
[X] theted ie approved as submitted by the appicant

D trum teod has been astablishad, pocorckng fo Aule 38 2, by thin Sadhanty as it appaars in Box No IV The appéonant
muay, within ene marth from the date of mailing of thie intemation &l search report, submit comments 1o thie Authority

_ﬂl

Wiith regard 1o the drawings,
a e hgure of the drawings bo be publshed wih the abairact is Figure N _ 4

EI a9 suggostad by the applioant

D a3 selecied by this Authonly, because the applicant failed to sugges! a figure

D a3 seheslnd by this Autharly, beoause this fgure belor oharaaterizes the invenlion
b [:l rione of the Fyures i lo be published with the absetract

Form PCTASAZO ffirs! shoat) {uly 2009)
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A LSS TN oF SUBJEaT
IHY. HO4L1/00 Hﬂ#tljZﬂ
ADD .

Aostiding 1o lermalonad Pabend Claseificalion (P C) or o bolh nofiosal deseicalion and IPG

B FIELDS SEARCHED
T i nsian hed {olass fioabon sysbern followed by olassFicalion symbols)

HDHL

Commentation searched ofher fhan menimum desumeriation o the extent fhat such docsmrents are included in the fieids searched

Bsectronic datn base sonsuited during lhe imtematiorol search (rame of datn base and, where praotiosble, seanh lwoms used)

EPC-Internal, WPI Data, INSPEC

C. POCUMENTS CONSIDE RED TO BE RELEVANT
Category” | Ciation of document, with indication, whena oppropriate, of the refevant pasaagos Falkvart to glaim Mo,

X WO 2007/136337 AZ (ERICSSON TELEFON AB L M 1-5,
[SE]) 29 hovember 2007 {2007-11-29) 7-14,
16-21,
23-25,
27,
25-39,
41-48,
50-52
page 2, lines 7-%,19-24
4, Tines 27-35
h, tines /-18,23-2h
page 5, line 32 - page 6, line 2
B, tines 17-22

7, lines 9-12,28-30
page 8, lines 17-37
page 12, lines 1-5
page 16, lines 21-28

claim 39
figure 1
-,I"--
m Further documanto ae lated v ibe somtinuatien of Box © m Soe poacert family annes

“ Gpecial categores of cibed docurmenls ©
T laber documen published aber the intematicnad Sng date or pranty
clide and mal in conlel wih the applcalion bl cied bo endecstand

“A" douurment delireng the genenal sbabe of the arl which ia nel cenaidersd ther prisciple or thenry undertyng the imweot

o be of patxular relevanos

“E" darker un:iwﬂn'n or patent it published on or afigr the internatanai %" degument ol tar rle the clai i - b
[ nt of partiou EnSE airned imvenlicn sannat

eensidered novel ¢ cannot be cons dered to imvolie an inventive
s dmmﬂ'lﬂl‘tmmyﬂvwmﬂ:mpmrh clumis) or which s el when the dosumant is baken alene
cited lo eslahish the publication dase of anatner n or cther ' dosurment of particuar relevance; the clxmed nvention cannot be
pesal reascn (58 opecified) ponsidered o imvolve an meentive step when the dosument =
0" dooument refeming o an o daciosure, wee, oxhiihon or other neenbined with one armone other Bush cooums e, ok sombiratcn
means being cbvicus %0 a person skifed in the art
P documand pubiehed priar 1o e irlemadional fitng date Bul later than
the pricrity dale olaimed "&" document meember of the same pater! family
Cete of the aztusl campletion of the inlemation & ssarch Duabe of madling of the it matiznal searsh repon
13 June 2012 21/06/2812
Wame and mading nodress of The 184S Autharized officer

Eurcpeon Patent Offie, .3 5818 Patentiaan 2
th- EHJ:ITEJ\- Figmw

{+31-70) 3402040, .
Fauk: (+31-70) 3402016 Meister, Mark
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K Us 7 B840 220 Bl (MITCHELL JAMES P [Us]) 1-5,
2% November 2019 (2010-11-23) f=14,
16-21,
23-27,
20-39,
41-48,
50-52
column 5, lines 13-31
column 5, Tine 62 - column 6, line 47
column 6, Tine 54 - column 7, line 6
column 7, Tine 19 - column &, line 11
figures 2,3
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QINGHONG [CN]; LI HANG [CN])
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the whole document
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WO 2011079612 Al 07-07-2011
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From the
INTERNATIOMAL SEARCHING AUTHORITY

PCT
- WRITTEN OPINION OF THE
see form POTISAZEC INTERNATIONAL SEARCHING AUTHORITY
{PCT Rule 43bis.1)
" Date of mading
(dapfnonthiear]  sea form PCTISAZID (second sheet)
 Appicants or agent’s fle referarice ' FOR FURTHER ACTION
sea form POTASAREZD See paragrash 2 bedaw
Imernaticnal application Mo, imnternational fiing date (dapmenthiea) Priorily date (dawimonthiaar}
BOTAS2011060265 10.11.2011

Imernational Patent Clasalfication [IFGC) or bath natiomal dassification and IPC
NV, HOAL1.G0 HO4L120

e
ASSIA, ING.
1. This opinion containg indications relating to the following items:
E Box Mo, | Basis of the opinion
{J BoxMo. il Priority
[ Box Mo Il Non-astablishment of opinfon with regard to novelty, Inventive step and Industrial applicability
{J Box Mo, IV Lackof unity of irvention
I Box No. v Reasoned statement under Rule 43bis.1 {ali) with regard to novelly, inventive step and indusirial
applicability; citations and explanations supporting such statamant
U BoxMe. VI Cerlair documents cited
0 Box Mo, VIi  Certain defects in the international application
{4 Box No. VIl Cerlair chsevalions on the intermationsal application
2. FURTHER ACTION
I & demand for international praliminary examination is mada, ths opinion will usually be considered o be 2
written opinion of the international Praiiminary Examining Authorty ("iPEA”) except that this does not apply where
the applicant chooses an Authority other than this ore 1o be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 68.150iz{b) that written opinions of this international Searching Authority
will ol be 50 considered.
If thiz apinien is, as provided above, considerad to ba a written opinion of the IPEA, the applicant is invited to
submit 1o the IPEA a writlen raply logether, where appropriats, with amendmants, belora the expiraticn of 3 months
frem the date of mailing of Form PCTASAZE0 or before the expiration of 22 months from the priority date,
whichever expires later.
Fer furtner agtions, ses Ferm PCTASAR20.
3 Forfurther datails, ses notes to Form POCTASAZ2C
Hame and mailing address of the A Date of sompletion of Authorized Officer .
ths apirson o IM?‘
Eurepean Patent Dffice . - E
AT, Meister, Mark 1 “@) ;
e DeB0E9E Munich ' 5, F
Ted, +49 80 2399 -0 Tatophone MNao. -49 89 23099-C L —

Fax. +49 89 2395 - 4485
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WRITTEN OQFINION OF THE International applcation No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS20110680285

Box Mo.| Basis of the opinion

{. With regard to the language, this opinion has baen established on the basis of;
k3 the internaticnal apolication in the language Inowhich it was filed

O & transkation of the internationat application into , which is the language of a ranslation furmished for the
purpcses of idernatonal search (Rules 12.3(a) and 23.1 {b}).

2. [0 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 {Rule 43bis.1(al)

3. With regard to any nucleolide andior amino acid sequence disclosed in the international application, this
opinion has been astablished on the basis of a sequence listing filed or furnished:

a. [maans)
0 onpaper
O in elecironic form
b. {tima)
L1 inthe intermational appiication as filed
0 together with the international application in electronic form
L subsequently to this Authority for the purposes of search
4 [J  In addition, in the case that more than one versian or copy of & sequence isting has been filed or furnished,
the required statamants that the information in the subsequent or acditional copies i identical to that in the
spplication as filed or does not go beyend the applicaton as filed, as appropriate, ware furnished.,
5. Adgitional commaents:

Box No. V  Reasoned stalemenl under Rule 43bis.1(a}{i) with regard to novelly, inventive slep or
industrial applicability; citations and explanations supporling such statement

1. Statement
Naveity (N) Yes: Claims 6. 7 16 22-24 28 40 41, 45 50
Ne:  Claims 1-5, 8-14, 16-21, 25-27, 29-39. 42-48 61,52
Inventive step (i5) Yes: Claims 6,15, 22 28, 40, 49
No:  Claims 1-5.7-14, 16-21, 23-27, 29-39, 41-48, 50-52
Industrial applicability (1A) Yas: Claims i-52

mo: Claims

2. Cistions and explanations

see separale sheet
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WRITTEN OPINION OF THE International applcation No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS20110680285

Box Mo. Vill Certain observations on the international application

The following cbservations on the clanity of the claims, description, and drawings or cn the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form POTASA/ZST (Apel 2007)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/0680265

BeltemV

Reasoned statement with regard to novelty, Inventive step or Industrial
applicability; citations and explanations supparting such statement

i Reference is made to the foliowing documents:
(5] WO 2007/136337 A2 (ERICSSON TELEFON AB L M [SE]) 29
Movember 2007 (2007-11-28)
Dz US 7840 220 B1 (MITCHELL JAMES P [US]) 23 November 2010
(2010-11-23)
el The present application does not meet the criteria of Article 33(2) PCT,
because the subject-matter of the independent claims is not new. Reasons
follow.
2.1 D1 disclogses [the references in parenthesis applyving to this
document):

A method for optimizing performance (page 2, lines 7-% and 19-24:
according to the method of D1, CQI for link adaptation is
generated as a function of long-term propagaticn channel
conditions when short-term propacation channel estimates
are not reliable. This wav the performance of the
communication unitis) is optimized)of one or more communication
units {page 5, lines 713, page 7, lines 3 12, pzge 16,
lines 26-28, figure 1, reference sign 12) by aremote server
{page 5, lines 23-25, page 7, lines $-12, figure 1,
reference sign 10: the base station 10 can be seen as a
remote server), the method comprising:

collecting data from the one or more communication units (according to
D1, different tvpes of data concerning the wireless
communication devices can be collected by the base
station: information on fast/slow fading, page 4, lines
31-3%, page 16, lines 21-232, claim 39, relative motion
with respect to the bass station, »age &, lines 17-21,
fdentification number of the devices, page 7, lines
28-30, location of the devices, page &, lines 20-23);
gencrating a ;JDHD?. for each of the one or more communication units {page
15, lines 26-28), based on the collected data (page 1, lines
27=35, page 5, line 32, page 4, line Z, page 8, lines
17-3%, page l2, lines l1-35, page 16, lines 21-23: the

Form PCTISAEET (Separcta Shaat) (Shast 11 (EPO-April 2008)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/0680265

2.2

first policy corresponds to a link adaptation mode in
which the channel guality information is generated as a
function of long-term propagaticon channel
characteristics, &.9. NACK rate, while the second policy
corresponds toe a iink adaptation mode in which the
chnaniel quality information is generated as a function of
short-term channel estimates); and

senr:iing the pnlicy to each of tha one or more communication units, wherain
the policy comprises conditions for operation of the one or more
communication units, wherein the one or more communication units
implement the policy (page 7, lines %-12, "a base station 10 in
the wireless communication network can Lnstruct ons oy
more devices in a plurality of wireless communication
devices 12 to feed back information that is compatible
with the preferred operating mode®)according to time-varying data
{link adaptation is inherently performed according to

Lime-varying data).

Az all the features of claim 1 are disclosed in the same combination in D1, the
subject-matter of claim 1 is not new (Article 33(2) PCT}.

D2 discloses (the refersnces in parenthesis applving to this
document):

A method for optimizing performance of cne or more communication units
{figure Z, reference sign lZa: the communication unit is
Lthe DTV station 1Za. There can be more than cne DIV
stationg 12a, see column 8, line &, "Some DTV stations
12a..."ybyaremote server {colunn 5, lines 13-32, figure 2,
referesnce sign 13: the remote server is the EOC 13, which
iz connected to the DTV station(s) 12z wiz the WAN 18),the
method comprising:

collecting data from the one or more communication units (coclumn 7, line
19 - zolumn B, line 11: data, i.e. RF statistics over a
geographic region, is collected by the EOC 13 during a
field survey. The data o2an be collected from the mokile
clients 16 but alszo from DIV stations lZa, ses column &,
lines 6-%, "This data may be used for the field survey

a3

At o L
ata...");

generating a policy, for each of the one or more communication units, based

Fom PCTISAEET (Separcta Shaat) (Shast 21 {EPO-April 2008)

Charter Communications, Inc.
Exhibit 1008
Page #1338
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/0680265

on the collecled data (column 5, line 62 - column 6, line 47: a
FZC policy is generated at the BOC 13 for the DIV station
{3} on the basis of the data collected during the field
survey); and

sending the policy to each of the one or more communication units {column
b, lines 39-41, "An assigned FEC method and strength is
usaed with a data pavioad for broadecast over the DIV
broadcast network 12 to the mobile client 16%), wherein the
policy comprises conditions for operation of the one or more communication
units, wherein the one or more communication units implement the policy
{column 6, line 54 - column 7, line 6: the conditions for
operation cemprise link adaptation strategies)according to
tme-varying data (column &, line 54 - column 7, line $: the
time-varyving data correspond to the GPS positicon and

speed of the mobile clients 16 and to time information).

As all the features of claim 1 are disclosed in the same combination in D2, the
subject-matter of claim 1 is not new [Articie 33(2) PCT).

2.3 The same applies to the corespending independent claims 10, 27, 34 and 44,
the subject-matter of which is thus also not new (Aricle 33(2) PCT).

2.4 D1 discloses (the references in parenthesis applving te this
document):

A method for optimizing performance {(page 2, lines 7-% and 19-24:
according to the method of D1, CRI for link adaptation is
generzted as a function of long-term propagation channel
conditions when short-tarm propagation channel estimates
are non reliable. This way bhe performance of the
communication unit(s) is optimized)of one or more communication
units (page 5, lines 7-18, page 7, lines 9-12, page 16,
lines 26-28, ficure 1, reference sign 12), the method
comprising:

sending data from one or more communication units to a remote server
(according Lo D1, different Lypes of data concerning the
wireless communication devices can be sent te the base
station, which can be seen as a remote server:
information on fast/slow fading, page 4, lines 31-35,
page 16, lines 21-23, claim 39, relative motion with
regpect to the base station, page &, lines 17-21,

Fom PCTISAEET (Separcta Shaat) (Shast 31 (EPO-April 2008
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/0680265

2.5

identification number of the devices, page 7, lines
28-30, location of the devices, page &, lines 20-22),
receiving a policy from the remote server (pace 7, lines 5 12, "a
base staticn I{ in the wireless communication network can
instruct one or more devices in a plurality of wireless
communication devices 12 to feed back information that is
compatible with the preferred operating mode™), wherein the
policy comprises conditions for operation of the one or more communication
units (page 1, lines 27-35, page 5, lins 32, page 6, lins 2,
page &, lines 17-37, page 12, lirez 1-5, page 16, linas
21-28: the first pelicy corresponds to a2 link adaptation
mode in which the channsl qguality information to be
computed by the wireless communication devices is
generated as a function of long-term propagation channel
characteristics, e.g. NACK rate, while the seccond policy
carresponds to a link adaptation mode in which the
chann2l quality information is generated ss5 a function of
short-term channel estimates); and

executing the policy {irplicit) by implementing one of first and second
algorithms (the two algorithms correspond to the above
mentioned twoe link adaptaticn modes corresponding to
fast-fading and siow-fading) based on the conditions and time-
varying data {l1ink adaptaticn is Inherently performed
according to time-varving datal

As all the features of claim 17 are disclosed in the same combination in D1,
the subject-matter of claim 17 is not new {Article 33(2) PCT).

D2 discloses (the refersnces in parenthesis applving o this
document):

A method for optimizing performance of ene or maore communication units
(figure 2, reference sign l2a: the communication unit is
the DIV station lZa. There can be more than cne DIV
astations 12a, see column 8, line &, "Some DTV stations
12a..."), the method comprising:

sending data from one or more communication units to a remote server
{column 5, lines 13-21, figure 2, reference sign 13: the
remobs server is Lhe EOC 13, which is connectsd Lo Lhe

DTV stationd{zs) 1lZa via the WAN 18, Column 7, line 1% -

Form POTISAEE? (Soparcts Shast) (Shas 41 (EPO- Agril 2008}
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column B, line 11: data, i.e. RF statistics over a
geograchic region, is collected by the ECC 13 during a
field survey. The data can be collected from the mobkile
clients 16 but alzo from DTV stations 12a, see column &,
iines 6-%, "This data may be used for the field survey
data...");

receiving a policy from the remote server (column 6, lines 3%-41, "An
assigned FEC method and strength is used with a data
paylozad for broadcast over the DIV broadcast network 12
to the mobile clieat 16"), wherein the policy comprises conditions for
operation of the one or more communication units {colume 6, lins 54 -
column 7, line &: the conditions for operation comprise
link adaptation strategies);and

executing the policy by implementing one of first and second algorithms
{column é, line 54 - column 7, line €, figure 3: the link
adaptation strategies Cor
be sesn as first and sscond algorithms) based on the conditions
and time-varying data {column &, line 54 - column 7, line 6:
the bime-varyving data corresponds to the OPS peosition and

respohding to Zones 1 and 2 can

speed of the moblle clients 16 ard to time information).

28 As all the features of claim 17 are disclosed in the same combination in D2,
the subject-matter of claim 17 is not new (Article 33(2) PCT}.

27 The same applies to the comresponding independent claim 27, the subject-
matter of which is thus also not new (Article 33(2) PCT).

3 Dependent claims 2-5, 7-9, 11-14, 18, 18-21, 23-26, 29-33, 35-39, 41-43,
45-48 50-52 do nol contain any lealures which, in combinalion wilh the
features of any ciaim to which they refer, meet the requirements of the PCT in
respect of novelty (Article 33(2) PCT) and/or inventive step (Article 33(3}
FCT), see lhe documents and the corresponding passages cited in the
international search report.

4 The combination of the features of dependent claims 6, 15, 22, 28, 40 and 49
is neither known from, nor rendered obvious by, the available prior art. The
reasons are as follows. the fact of generating the (software) code for an
adapiation algorithm at the server and of sending the code (o the
communication unit(s) for being executed on the communication unit(s) allows
to increase the flexibility and adaptability of the link adaptation policies to be
used in the system (e.g. with respect to sending only link adaptation
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paramelers as in D2). In other words, the link adaptation algorithms to be
executed at the communication unit{g) can be better dynamically updated and
adapted to the specific situations of the network and of each of the
communication units. The generation of the {software) code for an adaptation
algarithm at the server is neither disclosed nor suggestad by the avaiiable
documents of the prior art.

Be ltem VIli
Certain observations on the international application

5 The expression "pseudo-code” used in claims &, 15, 22, 28, 40 and 49
renders the subject-matter of these claims unclear (Article 6 PCT) for the
following reasons:

51 Wikipedia (hitp:/en.wikipedia.org/wiki/Pseudocode) gives the foliowing
definition of pseudo-code: "In computer science and numerical computation,
pseudocode is an informal high-level description of the operating principie of a
computer program or other algorithm. 1t uses the structural conventions of a
programming language, but is intended for human reading rather than
machine reading. Pseudocode typically omits details that are not essential
for human understanding of the algorithm, such as variable declarations,
system-specific coda and some subroutines. The programming language is
augmented with natural language description details, where convenient, or
with compact mathematical notation. The purpose of using pseudocode is that
it is easier for people to understand than conventional programming language
code, and thal it is an efficient and environment-independent description of
the key principles of an algorithm. It is commonly used in textbooks and
scientific publications that are documenting various algorithms, and also in
planning of computer program development, for sketching out the structure of
the program before the actual coding takes place. No standard for
pseudocode syniax exists, as a program in pseudocode is not an
execuiable program.”

E2 The following stalements are in the description: *The pseudo-code may be
coded in any software coding language that is executable by the
communication unit” and "when the WiFi communication system 200 has the
capability to decode and execute a pre-defined pseudo-code” (§ 0030, 0058,
0064}, These statements clearly contradict the well-known, common meaning
of "peeude-code”, as shown above. A pseudo-code is not executable by a
processor. For this reason, the intended limitations lor claims €, 15, 22, 28, 40
and 49 are not clear, contrary to the requirements of Article & PCT.
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The expression "pseudo-code or code” used in claims €, 15, 22, 28, 40 and 49
should have been changed into "software code” in order to maet the
requirements of Article & PCT.

& Claims 10, 12, 13, 14 refers to method steps to be impiemented by the
communication unit(s), even though claims 10, 12, 13, 14 refer to a machine-
readzble storage medium having computer executable instructions {o be

executed by the remote server. The intended limitations for claims 10, 12, 13,

14 are therefore not clear, contrary to the requirements of Article 8 PCT.

7 Claims 34, 36, 37, 38, 39 refers to apparatus features of the communication
unit{s), aven though claims 34, 38, 37, 38, 38 refer to the server apparatus.
The intended limitations for claims 34, 36, 37, 38, 38 are therefore not clear,
contrary to the requirements of Article 6 PCT.

8 Although claims 34 and 44 have been drafted as separate independent
claims, they appear to relate effectively to the same subject-matter and to
differ from each olher only with regard lo the definition of the subject-matter
for which protection is sought andfor in respect of the terminology used for the
features of that subject-matter. The aforementioned claims therefore lack
conciseness and as such do not meet the requirements of Article 6 PCT.
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Box Mo.| Basis of the opinion
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a. [maans)
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O in elecironic form
b. {tima)
L1 inthe intermational appiication as filed
0 together with the international application in electronic form
L subsequently to this Authority for the purposes of search
4 [J  In addition, in the case that more than one versian or copy of & sequence isting has been filed or furnished,
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Box Mo. Vill Certain observations on the international application

The following cbservations on the clanity of the claims, description, and drawings or cn the question whether the
claims are fully supported by the description, are made:

see separate sheet
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BeltemV

Reasoned statement with regard to novelty, Inventive step or Industrial
applicability; citations and explanations supparting such statement

i Reference is made to the foliowing documents:
(5] WO 2007/136337 A2 (ERICSSON TELEFON AB L M [SE]) 29
Movember 2007 (2007-11-28)
Dz US 7840 220 B1 (MITCHELL JAMES P [US]) 23 November 2010
(2010-11-23)
el The present application does not meet the criteria of Article 33(2) PCT,
because the subject-matter of the independent claims is not new. Reasons
follow.
2.1 D1 disclogses [the references in parenthesis applyving to this
document):

A method for optimizing performance (page 2, lines 7-% and 19-24:
according to the method of D1, CQI for link adaptation is
generated as a function of long-term propagaticn channel
conditions when short-term propacation channel estimates
are not reliable. This wav the performance of the
communication unitis) is optimized)of one or more communication
units {page 5, lines 713, page 7, lines 3 12, pzge 16,
lines 26-28, figure 1, reference sign 12) by aremote server
{page 5, lines 23-25, page 7, lines $-12, figure 1,
reference sign 10: the base station 10 can be seen as a
remote server), the method comprising:

collecting data from the one or more communication units (according to
D1, different tvpes of data concerning the wireless
communication devices can be collected by the base
station: information on fast/slow fading, page 4, lines
31-3%, page 16, lines 21-232, claim 39, relative motion
with respect to the bass station, »age &, lines 17-21,
fdentification number of the devices, page 7, lines
28-30, location of the devices, page &, lines 20-23);
gencrating a ;JDHD?. for each of the one or more communication units {page
15, lines 26-28), based on the collected data (page 1, lines
27=35, page 5, line 32, page 4, line Z, page 8, lines
17-3%, page l2, lines l1-35, page 16, lines 21-23: the
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2.2

first policy corresponds to a link adaptation mode in
which the channel guality information is generated as a
function of long-term propagaticon channel
characteristics, &.9. NACK rate, while the second policy
corresponds toe a iink adaptation mode in which the
chnaniel quality information is generated as a function of
short-term channel estimates); and

senr:iing the pnlicy to each of tha one or more communication units, wherain
the policy comprises conditions for operation of the one or more
communication units, wherein the one or more communication units
implement the policy (page 7, lines %-12, "a base station 10 in
the wireless communication network can Lnstruct ons oy
more devices in a plurality of wireless communication
devices 12 to feed back information that is compatible
with the preferred operating mode®)according to time-varying data
{link adaptation is inherently performed according to

Lime-varying data).

Az all the features of claim 1 are disclosed in the same combination in D1, the
subject-matter of claim 1 is not new (Article 33(2) PCT}.

D2 discloses (the refersnces in parenthesis applving to this
document):

A method for optimizing performance of cne or more communication units
{figure Z, reference sign lZa: the communication unit is
Lthe DTV station 1Za. There can be more than cne DIV
stationg 12a, see column 8, line &, "Some DTV stations
12a..."ybyaremote server {colunn 5, lines 13-32, figure 2,
referesnce sign 13: the remote server is the EOC 13, which
iz connected to the DTV station(s) 12z wiz the WAN 18),the
method comprising:

collecting data from the one or more communication units (coclumn 7, line
19 - zolumn B, line 11: data, i.e. RF statistics over a
geographic region, is collected by the EOC 13 during a
field survey. The data o2an be collected from the mokile
clients 16 but alszo from DIV stations lZa, ses column &,
lines 6-%, "This data may be used for the field survey

a3

At o L
ata...");

generating a policy, for each of the one or more communication units, based
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on the collecled data (column 5, line 62 - column 6, line 47: a
FZC policy is generated at the BOC 13 for the DIV station
{3} on the basis of the data collected during the field
survey); and

sending the policy to each of the one or more communication units {column
b, lines 39-41, "An assigned FEC method and strength is
usaed with a data pavioad for broadecast over the DIV
broadcast network 12 to the mobile client 16%), wherein the
policy comprises conditions for operation of the one or more communication
units, wherein the one or more communication units implement the policy
{column 6, line 54 - column 7, line 6: the conditions for
operation cemprise link adaptation strategies)according to
tme-varying data (column &, line 54 - column 7, line $: the
time-varyving data correspond to the GPS positicon and

speed of the mobile clients 16 and to time information).

As all the features of claim 1 are disclosed in the same combination in D2, the
subject-matter of claim 1 is not new [Articie 33(2) PCT).

2.3 The same applies to the corespending independent claims 10, 27, 34 and 44,
the subject-matter of which is thus also not new (Aricle 33(2) PCT).

2.4 D1 discloses (the references in parenthesis applving te this
document):

A method for optimizing performance {(page 2, lines 7-% and 19-24:
according to the method of D1, CRI for link adaptation is
generzted as a function of long-term propagation channel
conditions when short-tarm propagation channel estimates
are non reliable. This way bhe performance of the
communication unit(s) is optimized)of one or more communication
units (page 5, lines 7-18, page 7, lines 9-12, page 16,
lines 26-28, ficure 1, reference sign 12), the method
comprising:

sending data from one or more communication units to a remote server
(according Lo D1, different Lypes of data concerning the
wireless communication devices can be sent te the base
station, which can be seen as a remote server:
information on fast/slow fading, page 4, lines 31-35,
page 16, lines 21-23, claim 39, relative motion with
regpect to the base station, page &, lines 17-21,
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2.5

identification number of the devices, page 7, lines
28-30, location of the devices, page &, lines 20-22),
receiving a policy from the remote server (pace 7, lines 5 12, "a
base staticn I{ in the wireless communication network can
instruct one or more devices in a plurality of wireless
communication devices 12 to feed back information that is
compatible with the preferred operating mode™), wherein the
policy comprises conditions for operation of the one or more communication
units (page 1, lines 27-35, page 5, lins 32, page 6, lins 2,
page &, lines 17-37, page 12, lirez 1-5, page 16, linas
21-28: the first pelicy corresponds to a2 link adaptation
mode in which the channsl qguality information to be
computed by the wireless communication devices is
generated as a function of long-term propagation channel
characteristics, e.g. NACK rate, while the seccond policy
carresponds to a link adaptation mode in which the
chann2l quality information is generated ss5 a function of
short-term channel estimates); and

executing the policy {irplicit) by implementing one of first and second
algorithms (the two algorithms correspond to the above
mentioned twoe link adaptaticn modes corresponding to
fast-fading and siow-fading) based on the conditions and time-
varying data {l1ink adaptaticn is Inherently performed
according to time-varving datal

As all the features of claim 17 are disclosed in the same combination in D1,
the subject-matter of claim 17 is not new {Article 33(2) PCT).

D2 discloses (the refersnces in parenthesis applving o this
document):

A method for optimizing performance of ene or maore communication units
(figure 2, reference sign l2a: the communication unit is
the DIV station lZa. There can be more than cne DIV
astations 12a, see column 8, line &, "Some DTV stations
12a..."), the method comprising:

sending data from one or more communication units to a remote server
{column 5, lines 13-21, figure 2, reference sign 13: the
remobs server is Lhe EOC 13, which is connectsd Lo Lhe

DTV stationd{zs) 1lZa via the WAN 18, Column 7, line 1% -
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column B, line 11: data, i.e. RF statistics over a
geograchic region, is collected by the ECC 13 during a
field survey. The data can be collected from the mobkile
clients 16 but alzo from DTV stations 12a, see column &,
iines 6-%, "This data may be used for the field survey
data...");

receiving a policy from the remote server (column 6, lines 3%-41, "An
assigned FEC method and strength is used with a data
paylozad for broadcast over the DIV broadcast network 12
to the mobile clieat 16"), wherein the policy comprises conditions for
operation of the one or more communication units {colume 6, lins 54 -
column 7, line &: the conditions for operation comprise
link adaptation strategies);and

executing the policy by implementing one of first and second algorithms
{column é, line 54 - column 7, line €, figure 3: the link
adaptation strategies Cor
be sesn as first and sscond algorithms) based on the conditions
and time-varying data {column &, line 54 - column 7, line 6:
the bime-varyving data corresponds to the OPS peosition and

respohding to Zones 1 and 2 can

speed of the moblle clients 16 ard to time information).

28 As all the features of claim 17 are disclosed in the same combination in D2,
the subject-matter of claim 17 is not new (Article 33(2) PCT}.

27 The same applies to the comresponding independent claim 27, the subject-
matter of which is thus also not new (Article 33(2) PCT).

3 Dependent claims 2-5, 7-9, 11-14, 18, 18-21, 23-26, 29-33, 35-39, 41-43,
45-48 50-52 do nol contain any lealures which, in combinalion wilh the
features of any ciaim to which they refer, meet the requirements of the PCT in
respect of novelty (Article 33(2) PCT) and/or inventive step (Article 33(3}
FCT), see lhe documents and the corresponding passages cited in the
international search report.

4 The combination of the features of dependent claims 6, 15, 22, 28, 40 and 49
is neither known from, nor rendered obvious by, the available prior art. The
reasons are as follows. the fact of generating the (software) code for an
adapiation algorithm at the server and of sending the code (o the
communication unit(s) for being executed on the communication unit(s) allows
to increase the flexibility and adaptability of the link adaptation policies to be
used in the system (e.g. with respect to sending only link adaptation
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paramelers as in D2). In other words, the link adaptation algorithms to be
executed at the communication unit{g) can be better dynamically updated and
adapted to the specific situations of the network and of each of the
communication units. The generation of the {software) code for an adaptation
algarithm at the server is neither disclosed nor suggestad by the avaiiable
documents of the prior art.

Be ltem VIli
Certain observations on the international application

5 The expression "pseudo-code” used in claims &, 15, 22, 28, 40 and 49
renders the subject-matter of these claims unclear (Article 6 PCT) for the
following reasons:

51 Wikipedia (hitp:/en.wikipedia.org/wiki/Pseudocode) gives the foliowing
definition of pseudo-code: "In computer science and numerical computation,
pseudocode is an informal high-level description of the operating principie of a
computer program or other algorithm. 1t uses the structural conventions of a
programming language, but is intended for human reading rather than
machine reading. Pseudocode typically omits details that are not essential
for human understanding of the algorithm, such as variable declarations,
system-specific coda and some subroutines. The programming language is
augmented with natural language description details, where convenient, or
with compact mathematical notation. The purpose of using pseudocode is that
it is easier for people to understand than conventional programming language
code, and thal it is an efficient and environment-independent description of
the key principles of an algorithm. It is commonly used in textbooks and
scientific publications that are documenting various algorithms, and also in
planning of computer program development, for sketching out the structure of
the program before the actual coding takes place. No standard for
pseudocode syniax exists, as a program in pseudocode is not an
execuiable program.”

E2 The following stalements are in the description: *The pseudo-code may be
coded in any software coding language that is executable by the
communication unit” and "when the WiFi communication system 200 has the
capability to decode and execute a pre-defined pseudo-code” (§ 0030, 0058,
0064}, These statements clearly contradict the well-known, common meaning
of "peeude-code”, as shown above. A pseudo-code is not executable by a
processor. For this reason, the intended limitations lor claims €, 15, 22, 28, 40
and 49 are not clear, contrary to the requirements of Article & PCT.
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