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Box Mo, 11 Observations where certain claims were found unsearchable (Continuation of item 2 of lirst sheet)

“This international search report has not been established in respect of certain claims under Article 17(2)a) for the following reasons:

1. D Claimz Moz,

because they relate 1o subject matter nol required o be searched by this Authority, namely:

2 [®] ClaimsMNos: 1-3, 16-18 and 31
because they relate o parts of the intemational application that do nol comply wilh the preseribed requirements o such an
extent et oo mesmnglul mtermational ssarch can be suried oul, specilically
See the extra sheset,

3 I:I Claims MNos.:

because they are dependent elaims and are not drafied in accordance with the second and third sentences of Rule 6.4(a).

Box N, 111 Obzervations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Awthority found multiple inventions i this intermational application, as follows:

1. |:| As all required additional search fees were timely paid by the applicant, this isternational search repont covers all searchable
clnims.

¥

: I:I As all searchable claims could be searched without effent justilying sdditional fees, this Auhority did not invate payment of
additional foes.

3 D Az only some of the required additional search fees were timely paid by the applicant, thiz imemational search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D Mo required additional search fees were timely paid by the applicant.  Consequently, thiz international search report is
restrcted o e imvention lest mentioned o b clonms; i is covered by cloims Nos.:

Remark on Profest [ The additional search foes were accompanied by the applicant’s protest and, where applicable,
ke payment of @ protest lee,

I:l The addetivaal search fees were aceompanied by the applicant’s protest bul the applicable protest
fre waz not paid within the time limit specified in the invitation.

D Mo prodest aecompanied (e pavinent of additional search lees,
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Continuation of Box No.II-2 of continuation of first sheet (Z)

Each =laim of the present application describes that a connecting
method i3 set on the basiz of instrument state information and
communication state information.

The term of the connecting maethod, however, has extremsly ambiguous
meanings. Thus, since the description of the simple setting of a
connectingmethod includes extremely ambiguous structures of the setting
of a communication protocol used at connection, the setting of a
communication parameter for conmection, and the like, the structure
of the invention cannot be spscified.

Further, there are a fowambiguous indefinite aspects as to inatrument
state information and communication state information that are criteria
for the setting of a connecting method.

That is, according to a paragraph 0067, as instrument state
information, an identifier or a protocol of an electronic instrument,
a connecting address, the maximum calculation processing amount, the
prasent calculation processing amount, an available memory capacity,
the present used memory capacity, the maximum I/0 amount, the present
I/0 amount, the maximum number of connections, the present number of
connections, aplace of an electronic instrument, a communicaticondelay,
a packet loss rate, an owner, an owner group, access information and
the like are exemplified.

Additionally, according to a paragraph 0068, as communication state
information, an identifier or a protocol of a network, a connecting
address, the present time or a connectable control terminal device,
the maximum communication band, the present using band, a communication
delay, a packet loss rate, access control information and the like are
exemplified.

Az instrument state informationand communicationstate information,
however, concretely, what connecting method is set in accordance wit
what information isused is little described in the detailed explanation
of the invention. There are only few explanations in paragraphs
0256-0258.

First, inparagraphs 0256-0257, as a connectingmethod, the selection
of a protocoal (USE-IF, Echonet, UFnP, Havi, or the likel applicable
toacontrol terminal device and an electronic instrument are described.
Here, although it is unclear whether the protocol to which the control
terminal device or the electronic instrument is applicable corresponds
to instrument state information in the claims or communication state
information, the selection is simply made in accordance with either
cne of them, andthe settingof aconnectingmethod basedonboth instrument
state information in the claims or communication state information is
not described.

{continue on the next page)
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Further, in paragraph 0258, if an electro-magnetic wave state of
a wirelegss LAN ig not stable and a network state ig detericorated, a
buffer is made large but, reversely, if an electro-magnetic wave state
of awireless LAN is good, and its synchronization is deemed to be rather
important, so that the buffer is made little. This electro-magnebic
wave state ig deemed to correspond to communication state information
but no ingtrument state information is described.

Eventually, a lot of examples as to what informaticn is used for
the instrument state informationand the communicationstate information
are listed, but no example of a connecting method using both of them
iz described nor ig it obwvious for thoae skilled in the art.

Therefore, sincetheinventionineachelaimof thepresent application
is ambiguous about the setting of a connecting method itself even in
view of the detailed explanation of the invention and is difficult to
specify the technical scope and, further, instrument state information
and communication state information as criteria for the setting of a
connacting method are not ¢lear, the invention described in each claim
of the present application as a whole is extremely indefinite.

In particular, in claims 1-3, 16-18 and 21, no definition of even
either instrument state information or communication state information
is described and their ambiguity is too significant to carry out a valid
search

Form PCLISA210 (exira sheel) (April 2007)
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' ' PATENT COOPERATION TREATY

PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY
{Chapter 1 of the Patent Cooperation Treaty)

(PCT Rule 44bis)

Applicant's or agent’s file reference FOR FURTHER ACTION See ftem & below
B241P0GAPCT

International application No. International [ling date [Jupmethyeoar) FPriority date {day'manthiyear)
PCT/US201 1060265 10 Movember 2011 (10.11.2011)

International Patent ClassiGoation (8 edition unless older edition indicated)
See relevant information in Form PCT/SARZ37

Applicant
ADAPTIVE SPECTRUM AND SIGHAL ALIGHMENT, INC.

1. This internztional preliminary report on patentability (Chapier 1) Is issued by the International Bureau on behalf of the
Internattonal Searching Authority under Rule 44 bis. 1{a).
2, ‘This REPORT consists of a total of 11 sheets, inclieding this cover sheet.

In the artached sheets, any reference to the writien epinion of the International Searching Authority should be read as 2
reference 1o the internatinnal proliminary report en patenwabiliyy (Chapter [) instead.

3 s report contains indications relating 1o the following iems:
w

kA Bux Mo, 1 Basis of the reporl

] Box No. I Priority

I:I Box No. I Mom-establishreent of opinion with regard 1o nevelty, inventive step and industrial
applicability

[0 vexneaw Lack of uniry of invention

E Box No. W Riasoned statement under Article 35(2) with regard w novelty, inventive step or
industrial applicability; citatlons and explanations supporting such statement

D Box No. V1 Cenain documents cited

D Bon Mo, V1 Certain defects in the international applicmion

E Fax Mo, VIII Certain vhservations on the international application

4. The Inernational Bureau will communicate this report to designated Offices in accordance with Rales 44bis.3(c) and 930051
but not, excepl whene the applicant makes an express request under Article 23(2), before the expiration of 30 menths [rom
the priocity date (Fule ddbis J).

Date of issvance of this report
13 May 2014 (12.05.2014)

“The International Fursas of WIPO Authorized officer

3, chemin des Colombettes —
1211 Geneva 20, Switzerland Simin Baharlou
Facsimile Mo, +41 22 338 82 70 gemail: puig.poyE@wipoint
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' " PATENT COOPERATION TREATY

From the

Tor : PCT
i
WRITTEN OPINION OF THE
fi AZ20
st o PG INTERNATIONAL SEARCHING AUTHORITY
| (PCT Rule 43bis.1)
]
(ot S . . .__...___7
- B | (dapmanthysar) e form PCTASAR10 (second sheet) |
| .ﬁppli:‘-mfiorw; file referance 1 FOH FURTHER AGT;C'N T i
| see form PCTASAZ20 | See paragragh 2 buiew |
' Intemational application No. imernational Fing date [dapmonthyear) | Priority date [daymanthyear) '
PCTAIS201 1060265 10.11.2011
" imernations Paten Glassiscation {IFG) or beth national classdication and IPG - ____”h'!
NV, HO4L100 Ho4L1.20 i
- S
ASSIA, ING. 1
1. This opinion contains indications relating to the following tems:

O Box Mol Priosity
[] BoxMo. Il Mon-ostablishment of epinion with regard to novelty, inventive stop and industrial applicability
[ Box No. W Lack of unity of invention

El Bax Mo,V Beasoned statement under Fule 43kis,1(a)(i} with regard to rovelly, inventive slep and industrial
applicability; cilations ard explanatiens supperting such statement

Ol Box Mo, VI Certain documents cited
[ Box Mo, Vil Caertain defects in the international application
[ Box Mo, VIl Cartain observations on the international apphcation

2. FURTHER ACTION

!
]
1 B Box Me. | Basis of the epinien
|

If a demand for international praliminary examination is made, this opinion will usually be considered to be a
wrilten opinion of the Intemational Praliminary Examining Authority "IPEA”) except that this doas not apply where
| the applicant choosas an Authority other than this one 1o be the IPEA and the chosan IPEA has notifed the

]_ imternational Buraau under Aula 86.1b4s(b) that written opinions of this International Searching Auhority

will nol be so considerad.

If Ihis opinion is, as provided above, considered o be a writlen opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, befara tha expiration of 3 months
from the date of mailing of Form PCTASAZ20 or befora the axpiralion of 22 menths fram the priorily dale,
whichaver expires later,

For further options, see Form PCTASAZZ0,
3. For further details, see noles lo Form POTASAZZ0.

" | Date of comgltion of | Authorized Oficer

I e v —

Name and mailing address of the ISA:
! ' This aginian /-"*‘*-..l"
: Eura Patent CHfce | i y
; P | oo Meister, Mark i ;
| D808 Munich | %

Tel +40 83 2309 -0 ! Telophens Mo, +49 B9 23890 iy
Fan. -49 B9 2399 - 4465 . _ _
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS20110680265

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of.
E the international application in the language in which it was filed

O  a translation of the international application into , which is the language of a transiation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)),

2. O This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 21 (Rule 43bis.1(a))

3. With regard to any nucleotide andior amine acid sequence disclesed in the international application, this
opinion has been established on the basis of a sequence listing filed or furnished:

a. (means)
O onpaper
O in glectronic form
b. (tima)
O in the international application as filed
O together with the international application in electronic form
O subseguently to this Authority for the purposas of search
4. [0 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subseguent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriats, were furnished.

5. Additional comments:

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard 1o novelly, inventive slep or
industrial applicability; citations and explanations supporting such statement

1. Staterment
Nowvelty (N) Yes: Claims B, 7. 15, 22-24 28 40 41,49, 50
Mg:  Claims -5, 8- =21 27, 29-39, 42-48 51, 52
Inventive step (IS) Yes: Claims B, 15, 22 26 40, 48
Mo:  Claims -5 7-14, 16-21 27 29. -
Industrial applicability (1A) Yes: Claims 1-52
No:  Claims

2. Citations and explanations
see separate sheat

Form PCTASA/ 237 (April 2007)
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WRITTEN OPINION OF THE International agpplication No.
INTERNATIONAL SEARCHING AUTHORITY PCTAS20110680265

Box Mo. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question wheather the
claims are fully supported by the deseription, are made:

see separate sheet

Forrm FPCTASAS 23T (Apl 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/0802685

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Feference is made to the following documents:

D1 WO 2007/136337 A2 (ERICSSON TELEFON AB L M [SE)) 29
November 2007 (2007-11-28)

D2 US 7 840 220 B1 (MITCHELL JAMES P [US]) 23 November 2010
(2010-11-23)

2 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.

o1 D1 discloses (the refersnces in parenthesis applying to this
document):

A methed for optimizing performance (cage 2, lines 7-9% and 19-24:
according te the method of D1, CQI for link adaptation is
generated as a function of long-term propagation channel
conditions when short-term propagation channel estimates
are not reliable. This way the performance of the
communication unit(s) is optimized) of one or more communication
units (page 5, lines 7-18, page 7, lines %-12, page 16,
lines 26-28, figure 1, reference sign 12) by a remote server
(page 5, lines 23-25, page 7, lines 9%-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 Lo
01, different types of data concerning the wireless
communication devices can be collected by the base
station: information on fast/slow fading, page 4, lines
31-35, page 146, lines 21-23, claim 39, relative motion
with respect to the base station, page 6, lines 17-21,
identification number cf the devices, page 7, lines
28-30, location of the devices, page 6, lines 20-22);
generating a policy, for each of the one or more communication units (page
16, lines 26-28), based on the collecled data (page 1, lines
27-35, page %, line 32, page 6, line 2, page 8, lines
17-37, page 12, lines 1-5, page 16, lines 21-2B: the

Form PGTASAZAT (Separate Sneel) [Sheel 1] (EPC-Apri 2007
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/060265

2.2

first policy corresponds to a link adaptation mode in
which the channel gquality informatien is generated as a
funetion of long-term propagation channel

characteristics, e.g. NMACK rate, while the second policy
corresponds to a link adaptation meode in which the
channel gquality information is generated as a functicn of
short-term channel estimates); and

sending the policy to each of the one or more communication units, wherein
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 9-12, "a base station 10 in
the wireless communicaticon network can instruct one or
more devices in a plurality of wireless communicaticon
devices 12 to feed back information that is compatible
with the preferred operating mode") according to time-varying data
{l1ink adaptation is inherently performed according to
time-varying data).

As 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 references in parenthesis applying to this
document):

A method for optimizing performance of one or more communication units
(figure 2, reference sign 12a: the communication unit is
the DTV staticn 1Za. There can be more than one DTV
stations 12a, see column 8, line &, "Some DIV stations
12a...") by aremote server (column 3, lines 13-31, figure 2,
reference sign 13: the remote server is the EOC 13, which
is connected Lo the DIV statien(s) 12a via the WAN 18),the
method comprising:.

collecting data from the one or more communication units (column 7, line
1% - column 8, line 11: data, i.e. RF statistics over a
geographic region, is collected by the EQOC 13 during a
field survey. The data can be collected from the moblile
clients 16 but also from DIV stalicons 12a, see column B,
lines 6-9, "This data may be used for the field survey
data..."hs

generating a policy, for each of the one or more communication units, based

Form POTASARIT (Saparate Shaot) (Shoot 2} (EPO-Apdl 2005}
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/USE2011/060265

on the collected data (column 5, line 62 - column 6, line 47: a
FEC policy is generated at the EOC 13 for the DTV station
{s) 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
6, lines 39-41, "An assigned FEC method and strength is
used with a data payload for broadcast over the DIV
rroadcast 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 comprise link adaptation strategies)accordingto
time-varying data (column 6, line 54 - column 7, line &: the
time-varying data correspond to the GPS position 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 (Article 33(2) PCT).

23 The same applies to the corresponding independent claims 10, 27, 34 and 44,
the subject-matter of which is thus also not new (Article 33(2) PCT).

o4 D1 discloses (the references in parenthesis applying to this
document):

A method for optimizing performance (page 2, lines 7-% and 13-24:
according to the methed of D1, CQI fer link adaptation is
generated as a function of long-term propagation channel
conditions when short-term propagation channel estimates
are not reliable. This way the performance of the
communication unit(s) is optimized)ofone or more communication
units [page 5, lines 7-18, page 7, lines 9-12, page 16,
lines 26-28, figqure 1, reference sign 12), the method
comprising:

sending data from one or more communication units to a remote server
(according te D1, different types of data concerning the
wireless communication devices can be sent to 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
respect to the base station, page 6, lines 17-21,

Farn PLTASAZIT [Separate Shoot) (Sham ) [EFC-Apel 2008)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/060265

2.5

jdentification number of the devices, page 7, lines
28-30, location of the devices, page &, lines 20-22),
receiving a policy from the remote server (page 7, lines 39-12, "a
base station 10 in the wireless communication network can
instruct one or more deviees 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, line 32, page 5, line 2,
page 8, lines 17-37, page 12, lines 1-5, page 16, lines
21-28: the first policy corresponds to a link adaptaticn
mode in which the channel guality information to be
computed by the wireless communication devices is
generated as a function of long-term propagation channel
characteristics, e.q. MACKE rate, while the seccond policy
corresponds to a link adaptation mode in which the
channel guality information is generated as a function of
short-term channel estimates);and

executing the policy (implicit) by implementing one of first and second
algorithms (the two algorithms correspond to the above
mentioned two link adaptation modes corresponding to
fast-fading and slow-fading) based on the conditions and time-
varying data (1link adaptation is inherently performed
according to time-varying data).

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 references in parenthesis applying to this
document):

A method for optimizing performance of one or more communication units
(figure 2, reference sign 12a: the communication unit is
the DTV station l2a. There can be more than one DTV
tations l2a, see column 8, line 6, "Some DTV stations
12a..."), the method comprising:
sending data from one or mere communication unils to a remote server
{column 5, lines 13-31, figure 2, reference sign 13: the
remote server is the EOC 13, which is connected to the
OTV station({s) 12a wvia the WAN 18. Column 7, line 1% -

Farm PCTNSAZIT (Saparate Sheatl) (Sheet 4} (EPC-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/060265

26

27

column B, line 11: data, i.e. RF statistics over a
geographic region, is collected by the ECC 13 during a
£ield survey. The data can be collected from the mobile
clients 16 but also from DIV stations lZa, see column 8,
lines 6-%, "This data may be used for the field survey
data...");

receiving a policy from the remote server (column &, lines 3%-41, "an
assigned FEC method and strength is used with a data
payload for broadcast 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 (celumn €, line 54 -
column 7, line 6: the conditions for operation comprise
link adaptation strategies); and

executing the policy by implementing one of first and second algorithms
{column &, line 54 - column 7, line 6, figure 3: the link
adaptation strategies corresponding to Zones 1 and 2 can
be seen as first and second algorithms)based on the conditions
and fime-varying data (column 6, line 54 - column 7, line 6:
the time-varying data corresponds to the GPS position and
speed of the mobile clients 16 and to time information).

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).

The same applies to the corresponding independent claim 27, the subject-
matter of which is thus also not new (Article 33(2) PCT).

Dependent claims 2-5, 7-9, 11-14, 16, 18-21, 23-26, 29-33, 35-39, 41-43,
45-48, 50-52 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 (Article 33(2) PCT) and/or inventive step (Article 33(3)
PCT), see the documents and the corresponding passages ciled in the
international search report.

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
adaptation algorithm at the server and of sending the code to 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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parameters as in D2). In other words, the link adaptation algorithms to be
executed at the communication unit(s) 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
algorithm at the server is neither disclosed nor suggested by the available
documents of the prior art.

Re ltem VIl
Certain observations on the international application

5 The expression "pseudo-code” used in claims €, 15, 22, 28, 40 and 48
renders the subject-matter of these claims unclear (Article 6 PCT) for the
following reasons:

5.1 Wikipedia (http://en.wikipedia.org/wiki/Pseudocode) gives the following
definition of pseudo-code: "In computer science and numerical computation,
pseudocode is an informal high-level description of the operating principle of a
computer program or other algorithm. It 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 code 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 that 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 syntax exists, as a program in pseudocode is not an
executable program.”

52 The following statements 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, 0038,
0064). These statements clearly contradict the well-known, common meaning
of "pseudo-code”, as shown above. A pseudo-code is not executable by a
processor. For this reason, the intended limitations for claims 8, 15, 22, 28, 40
and 49 are not clear, contrary to the requirements of Article 6 PCT.
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The expression "pseudo-code or code” used in claims 6, 15, 22, 28, 40 and 48
should have been changed into "software code" in order to meet the
requirements of Article 6 PCT.

4] Claims 10, 12, 13, 14 refers to method steps to be implemented by the
communication unit(s), even though claims 10, 12, 13, 14 refer to 2 machine-
readable storage medium having computer executable instructions to 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 6 PCT.

7 Claims 34, 36, 37, 38, 39 refers to apparatus features of the communication
unit(s), even though claims 34, 36, 37, 38, 39 refer to the server apparalus.
The intended limitations for claims 34, 36, 37, 38, 39 are therefore not clear,
contrary to the requirements of Article € 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 o
differ fram each other only with regard to the definition of the subject-matter
for which protection is scught and/or in respect of the terminology used for the
features of thal subject-matter. The aforementioned claims therefore lack
conciseness and as such do not meet the requirements of Article & PCT.
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Umnited States Patent and Trademark CHTice
Addoria, 1 'Z\-D-ZIH':Z‘E' HEE FOR PATENTS

P, Box 1450

ﬂlruﬂl;l."'";rn IS0
I U5, AFPLICATHN NUMBER N0, I FIRST NAMED APPLICANT I ATTY. DOCKET NO, I
14/356,581 Wonjong Rhee R241P054
8791 [ INTERNATIONAL APPLICATION NO. ]
BLAKELY SOKOLOFF TAYLOR & ZAFMAN PCTAUS200 1060263
1279 Oakmead Parkway LA FILING DATE PRIORITY DATE
Sunnyvale, CA 94085-4040 111072011
CONFIRMATION NO. 4319

371 ACCEPTANCE LETTER

RN
Date Mailed: 06/30/2014

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

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

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

05/06/2014 05/06/2014
DATE OF RECEIPT OF 35 U.5.C. 371(c)1), DATE OF COMPLETION OF ALL
ic)(2) and (c)(4) REQUIREMENTS 35 U.8.C. 371 REQUIREMENTS

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

The following items have been received:

« Copy of the International Application filed on 05/06/2014
« Copy of the International Search Report filed on 05/06/2014
+ Preliminary Amendments filed on 05/06/2014

= Information Disclosure Statements filed on 05/06/2014

« Inventor’s Oath or Declaration filed on 05/06/2014

+ Request for Immediate Examination filed on 05/06/2014
+1J.8. Basic Mational Fees filed on 05/06/2014

+ Assignee Statement for PGPUB filed on 05/06/2014

« Specification filed on 05/06/2014

+ Claims filed on 05/06/2014

« Abstracts filed on 05/06/2014

* Drawings filed on 05/06/2014
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

DIAN S GORDOMN

Telephone: (371) 272-3915
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URITEN STATES DEPARTMENT OF COAMMERCE
Umnited States Patent and Trademark CHTice

wddeoss; COMM IESIONER FOR PATENTS
!‘\ln.l:l.;:ll'l':r“ D
APPLICATION FIT.ING o GRP ART
| MNUMBER I 3T DATE I LINIT [ FIL FEE RECD I ATTY DOCKET.MO ]EU’[ fT.-\.L‘-!-‘i[lxl}('l..-\.l.\-'li‘il
1 356,551 053/06/2014 (] R241 P05 20 3
CONFIRMATION NO. 4319
8791 FILING RECEIPT

BLAKELY SOKOLOFF TAYLOR & ZAFMAN

1279 Oakmead Parkway RS B

Sunnyvale, CA 94085-4040
Date Mailed: 06/30/2014

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

Inventor(s)
Wanjong Rhee, Seoul, KOREA, REFUBLIC OF;
Applicant(s)
Wonjong Rhee, Seoul, KOREA, REPUBLIC OF;
Assignment For Published Patent Application
ADAPTIVE SPECTRUM AND SIGMNAL ALIGNMENT, INC., Redwood City, CA

Power of Attorney: The patent practitioners associated with Customer Number 08791

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/US2011/060265 11/10/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see htp./www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constifute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

If Required, Foreign Filing License Granted: 06/25/2014

The country code and number of your priority application, to be usad for filing abroad under the Paris Convention,

is US 14/356,581
Projected Publication Date: 10/09/2014
Non-Publication Request: No

Early Publication Request: No
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Title

METHOD, APPARATLIS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNMICATION UNIT BY A REMOTE SERVER

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: Mo
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the LS. Government website, hitpiwww stopfakes.gov. Part of a Department of Commerce initiative.
this website includes self-halp "toolkits”™ giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 LL.S.C. 184, if the phrase "IF REQUIRED, FOREIGHN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applicalions where
the conditions for issuance of a license have been mel, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 513 0r5.14,

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

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

NOT GRANTED

Mo license under 35 U.S.C. 184 has been granted al this time, if the phrase "IF REQUIRED, FOREIGMN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may stll petition for a license under 37 CFR 512,
if a license is desired before the expiration of 6 moanths from the filing date of the application. If 8 manths has lapsed
from the filing date of this application and the licenses has not received any indication of a secrecy order under 35
U.5.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The LS. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit hitp:waww. SelectUSA. gov or call
+1-202-482-6800.
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PTO-1300 (05-13)
Approved for usa through 623002013 OMB 06510021

L5, Patent and Trademark Cifice; U5, DEFARTMENT OF COMMERCE

Undar the Papensors Redudtion Act of 1905, no parsons ane requinad o respond to @ collection of information wnkass it displays a valid OMB control numbear,

TRANSMITTAL LETTER TO THE UNITED STATES | paen "
DESIGNATED/ELECTED OFFICE (DO/EO/US) TSR TS TSRS
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371
International Applicabon No, International Filing Date Prionty Date Claimed
FCT/US2011/060265 Movember 10, 2011 November 10, 2011

Tithe of Invention
METHCD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMAMCE OF A COMMUNICATION UNIT BY A REMOTE SERVER

First Mamed Inventar

Waonjong RHEE

Applicant herewith submits to the United States Designated/Elected Office (DOVEQIUS) the fellowing items and other information.

1. EI This s an exprass request to begin national examination procedures (35 U.5.C. 371(f)). NOTE: The axpress request under
35 U.S.C 371 will not be effective unless the requirements under 35 ULS.C 371(cK1), (2), and (4) for payment of the basic national
fee, copy of the Intermational Application and English ranslation therecf (if required), and the oath or declaration of the inventor(s)
have been received.

2 A copy of the International Application (35 U.5S.C. 371{c)2)) is attached hereto (not required if the International Application was
previously communicated by the Inlemational Bureau or was filed in the United States Receiving Office (RO/US)),

3 An English language transkation of the International Application (35 U.3.C. 371{c)2}
a. |:| is atiached hereto.
L. |:| has tbeen previously submitted under 35 U.S.C. 154{d)4).
4. An oath or declaration of the inventor{s) (35 U S.C. 371{cy4))
a. E is attached,
b |:| was previously filed in the intemational phase under PCT Rule 4.17(iv).
Items 5 to B below concern amendments made in the international phase.
BCT Article 19 and 34 amendments
5. D mg;enw to the claims under PCT Article 19 are attached (not required il communicated by the International Bureau) (35 U.5.C.
Tl
B. |:| Em;ish lanslalim of tha PCT Article 19 amendment is attached (35 U.S.C, 371(c)3)}

7. D English translation of annexes (Article 19 andfor 34 amendments only) of the International Preliminary Examination Report is
attached (35 U.S.C. 371(c)5)).

Cancellation of amendments made in the intemational phase

fa. I':I Do not enter the amendment made in the international phase under PCT Article 19,
ab. |:| Do mot enter the amendment made in the international phase under PCT Article 34,

NOTE: A proper amendment made in English under Article 19 or 34 will be entered in the US. national phase applicaton absent a clear
instruction from applicant not to enter the amendmentis),

The following items 9 to 17 concem a document(s) or information included.

. El An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

10. [] A prefiminary amendment.

11. An Application Data Sheel under 37 CFR 1.76.

12. [:I A substitute speciicaton. NOTE: A substitule spechcation cannot include claims. Sea 37 CGFR 1.125(0)

13 [:I A power of attormey andior change of address letter

14. D A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.3 and 37 CFR 1.821-1.825.

15. |:| Assnment papers [cover sheed and documantis)). Name of Assignes:

16. [_] 37 CFR 3.73(c) Statement (when there is an Assignee).

This collaction of idormabon & mouied by 37 CFR 1.414 and 1.491-1.492. The information ia required o oblain of etain a benalt by e public, which is o filke
(and by the USPTO o process) an appbcation. Confdenliality is govemed by 35 US.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimaled o taka 15
minutes to complate. including gatharing, preparing. and submitting the completed application form o the USPTO. Time will vary depending upon the individual
case. Any commants on the amound of Bma you requira to complabe this form andior suggastions for reducing this bundan should ba sant to the Chisl information
Officar, LS. Patent and Trademark Office, LS. Deparment of Commence, PO, Box 1450, Alexandria, Va 22313-1450. DO NOT SEMND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Mall Stop PCT, Commiasionar for Patents, P.O. Box 1450, Alaxandria, VA 223131450,
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PTO-1300 (05-13)

Approved for usa through 623002013 OMB 06510021
L5, Patent and Trademark Cifice; U5, DEFARTMENT OF COMMERCE
Undar the Papensors Redudtion Act of 1905, no parsons ane requinad o respond to @ collection of information wnkass it displays a valid OMB control numbear,

U.5. APPLM. Mo. (if known - sae 37 CFR 1.5) INTERNATIONAL APPLICATION No

ATTORMEY DOCKET Mo

PCT/US2011/060265 8241P045
17. |:| Other items of information
The following fees have been submitted, CALCULATIONS PTO USE ONLY
18 D Basic national fee (37 CFR 1492(3)) ......oocoi i 3280 £ 280.00
19.| | Examination fee (37 CFR 1.492(c})
If the written opinion prepared by ISAUS or the international prediminary 720.00
examination report preq:uamd by IPEA/US indicates all claims SE-.ISI')' pmws:ons of % -
PCT Article 33(1)-{4) .. .. 50
All ather situations . e 5720
0. D Search fee (37 CFR 1. 492{b}]
If the written opinion prepared by ISA/US or the international prediminary
examination report prepared by IPEA/US indicates all claims satisfy provisions of
PCT Atiche 33(1)4) .. §0 480.00
Search fee (3T CFR 1. 445{3 }{21} h-'ah been pau:l un ﬂ"e |ntemat-unal appluxlllcn ] 5
the USPTO as an International Searching Authority 5120
International Search Report prepared by an IS4 olher Ihan the US and pru:mdsd ]
the Office ar previowsly communicated o the US by the 1B ................ 5480
Al ather sealions . £600
TOTAL OF 18, 19, and 20= | § 1480.00
D Additonal fee for specification and drawings filed in paper over 100 sheats
{excluding Sequence listng in complance with 37 CFR 1.821(¢) or (@) in an
electrenic medium or computer program listing in an electronic medium) (37 CFR
1.492()).
Fee for each addibonal 50 sheets of paper or fraction thersof _.._.._....... 5400
; Number of each addition 50 or fraction
Total Sheels | Extra Sheets thereof (round up 1o & whole number) RATE
- 100 = i50= » §400
Surcharge of $140.00 for fummishing any of the search fee, examination fee, or the cath or
declaration afier the date of commencement of the national stage (37 GFR 1.492(h))
CLAIMS MUMBER FILED HMUMBER EXTRA RATE
Tatal claims a 2= (0] x $80 ¥
Independent claims L -3= 0 x $420
MULTIPLE DEPENDENT CLAIMIS) (i applicable) + 5780 3
Procassing fee of $140.00 for furnishing the English translabon later than 30 months from the $
earlies! claimed prionty date (37 CFR 1.492(i)). +
TOTAL OF ABOVE CALCULATIONS = | &
D Applicant asserts small entity status, See 37 CFR 1.27. Feaes abowe ane reduced by 14,
D Applicant certifies micro entity status. Ses 37 CFR 1.29. Fees abowe anra redueced by 34,
Applicant must anach form PTOMSE 54 or B or aquisalant.
TOTAL NATIONAL FEE= | $ {1480
Fee for recording the enclesed assignment (37 CFR 1.21{h)). The assignment musl bea g
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31), $40.00 par property, +
TOTAL FEES ENCLOSED = | £ 48['}
Amount to be
refunded:
Amount to be
chargad:
[Fage 2 of 3]
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PTO-1300 (05-13)

Approved for usa through 623002013 OMB 06510021
L5, Patent and Trademark Cifice; U5, DEFARTMENT OF COMMERCE
Undar the Papensors Redudtion Act of 1905, no parsons an requinad o respond to a collection of information wnkass it displays a valid OMB control numbear,

a. ::| A check in the amount of §

b. [«] Piease charge my Deposit Account No, seass

c. Zl The Director is hereby authorized lo charge addibonal fees which may be required, or credit any overpayment, lo Deposit Account

]

o cover the above Tees is enclosed

in thie amount of § seaos

. e as follows:

i [ any required fes

any required lee except lor excess claims fees required under 37 CFR 1.482(d) and (e} and multple dependent claim fee

O required under 37 CFR 1.492(1),

d. :l Fees are to be charged to a credit card. WARNING: Information on the form may become public. Credit card information should not
be included on this form. Provide credit card information and autharization on PTO-2038. The PTO-2038 should only be mailed or
faxed to the USPTO. However, when paying the basic national foe, the PTO-2038 may MOT be faxed to the USPTO.

ADVISORY: If filing by EF3-Web, do NOT attach the PTO-2028 form as a PDF aloeng with your EFS-Web submission. Please be
advised that this is mot recommended and by deing so your credit card information may be displayed via PAIR. To protect your

to cover the above fees,

informaltion, il is recommended to pay fees online by using the elecironic payment method.

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be

filed and granted to restore the International Application to pending status.

Correspondence Address

The address associated with Customer Number; o

OR |:| Comespondence address below

Mame

Address

iy stal 2p Code

County Telephons

Email

soawre | /L Jsman A. Mughal/ oae | 5/6/2014

e |Usman A. Mughal romeyagent) | 62,887
[Faga 3 of 3]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the reguirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
LS. Patent and Trademark Office is to process andior examine your submission related to a patent application or
patent. If you do not furnish the requested information, the .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 Depariment of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

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

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

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

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of Mational Security review (35 U.5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218ic)).

7. Arecord 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 authaority of
44 11.5.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. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.5.C. 122(b) or issuance of a patent pursuant to 35 U.5.C. 151, Further, a
record may be disclosed. subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceadings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent,

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPFTO becomes aware of a violation or potential violation of law or regulation.
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PATENT COOPERATION TREATY | N ow L'_h‘
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{ e = =
From the INTERMATIONAL SEARCHING AUTHORITY ‘. - o
To: - .
Vincent, Lostor J, NOTIFICATION OF TRANSMITTAL OF
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIOMAL

1379 Oakmand Periomay SEARCHING AUTHORITY, OR THE DECLARATION

Sunnyvale CA 24085-4040
ETATZ-UNIS FAMERIQUE

(PCT Rule 44.1)

Diata of mailng
{aayimantiear)
— 21 June 2012 (21-06-2012)
Applicant’s er agent’s file referknce ] (L =t
B241POS4PCT SUNNYVALE FORFURTHER ACTION Sea paragraphs 1 and 4 below
Intern ational application MNe ) Internitional filking date
PCTAJS2011060265 JUN 2 6 2012 faayimantaiyear) 10 Movamber 2011 (10-11-2011)

BLAKELY SOKOLOFF

Applicant
TAYLOR ZAFMAN

ASSIA, INC.

1. The applicant is hereby notified that the intermational search report and the written opinkon of the International Searching
Authaority have been established and are tranamitted herewith,

Flling of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, te amend the laims of tha International Apphcation (see Fule 48):

When? The time kmit for filing such amendments ia normally twe menths frem the date of tranemittal of the
Internaticnal Search Repart.

Where? Directly to the Intemational Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Swilzerdand, Fascimile No.: (41-22) 338.82.T0

For more detailed instructions, see PCT Applicants Guids, International Phase, paragraphs 9,004 - 9.011.

2 D The applicant is hereby notified that no intemational search report will be established and that the declaration under
Ardicle 17(2)(a) to thal eled and the written opinion of the Intemational Searching Authority are tranamitted herewith,

3 D With regard to any protest against payment of (an) additional fee(s) under Fule 40.2, the applican is notified that:

[:| the protest together with the decision therecn has been transmitted to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision therecn lo the designated Offices

D no decision has been made yet on the protest; the applicant will be nolified as soon as a decision is made

4. Reminders
The applizant may submit comments on an informal basis on the writhen opinion of the Intemational Searching Authority to the

International Bureau. The International Bureaw will send a copy of such comments to all designated Offices unless an
intarnational preliminary examination report has boen or is to be eatablished, Following the expiration of 30 menths from the

pricrity date, these comments will also be made available to the pulblic

Snortly after the expiration of 18 months fram the priodty date, the intemational application will be published by the

International Bureau. If the applicant wishes lo aveid or postpene publication, a notice of withdrowal ef the intermational
application, or of the priority claim, must reash the Intermational Bureau before completion of the technisal praparations for

international publication (Rules $0bie.1 and S0b4s.3),

Within 19 months from the pricrity date, but enly in respect of some designated Offices, a demand lor international preliminary
examination must ba filed if the applicant wishes to postpone the entry info the national phase until 30 months from the priceity
date [in seme Offices even later); olherwise, the applicant must, within 20 months from the pricrity date, parform the prescribed

aots for entry into the national phase before those designated Offices

In respect of other designated Offices, the time limit of 30 months (or later) will apply even il no demand is filed within 19
monthe

For details about the applicable time imits, Office by Office, ase www wipo intpetentextstime_limits html and the

PCT Applicants Guide, National Chapters,

Mame and mailing address of the Intemational Searching Authonty | Authorized officer - pp—
European Patent Office, P.B. 5818 Patentlaan 2 Enlergd into FIT
ML-22B0 HY Rijswijk TOSCAND OLIVERDS, Lucia 5 :;:' —
. Tel. (+31-70) 340-2040 Tel: 449 ()89 2399-5747 Y = s
Fax: (+31-70) 340-3016

Form PCTASA/Z20 (July 2010)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Aricle 18 and Rules 43 and 44)

Applicant’s or agent’s lile reference

8241FO54FCT

FOR FURTHER

ACTION as well as, where apphcable, item 5 below.

sae Form PCTASAZE0

International apphcation Mo

POT/US2011 /060265

Intemational filing date (daymaonthjear)

i0/11/2011

(Earliest) Prionity Date (gay mamhiyear)

Applicant

ASSIA, INC.

This intematicnal search repor has been prepared by this Internalional Searching Authority and is tranemitted to the applicant
ascording to Article 18, A copy is being transmitted o the Internalional Bureaw.

Thiw international search report consiste of a tatal of 4 shoets
E Itis also accompanied by a copy of ench prior art document cited in this repon

1. Basis of the report

a.  With regard to the language, the intemational search was camed cut on the basis of;
EI the international application in the language in which it was filed
D a translation of the inlernational application into

cf a translation furnished for the purpeses of intematicnal search (Rules 12.5(a) and 231 (b))

, whigh is the language

b. [[]  Thisintemational search report has been established taking inte acecunt the rectification of an obvious mistake
autnonzed by or notified to this Authority under Fule 91 (Rule 43 6bis(a))

o. E] With regard to any nuclectide and/or amino acld sequence discioaed in the international application, see Box Mo. |,

m Cartain claims wera found unsearchable (See Box Mo. II)

[]  unity of invention is lacking (ses Box No I1l)

With regard io the title,
[X] thetestis approved as submittes by the applicant
[[]  thetest has been established by this Authority to read as follows:

With regard to the abstract,
[X] thetext is approved as submitted by the applicant

[[] thetext has been established, accerding ta Rule 38.2, by this Authority as it appears in Box No. IV The applicant
may, within ané maonth from the date of mailing of this international search rapart, submil comments te this Authority

With regard to the drawings,
o.  ihe figure of the drawings to be published with the abstract is Figure No. _ 4
El a5 suggested by the applicant
[C]  ae selectod by this Authority, bacause the applicant failed to suggest a figure
[[]  asselected by this Authority, because this figure better characterizes the invention
b. U none of the figures is to be published with the abstract

Farm PCTASAZ10 (firat sheet) (July 2008)
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INTERNATIONAL SEARCH REPORT

International application Mo

PCT/US2011/060265

A. CLASSIFICATION OF SUBJECT MATTER

INV. HB4Ll/00 HO4L1/20
ADD.

Ascordang to Infernational Patent Classification (IPC) or to both national classifeation and PG

B, FIELDS SEARCHED

HB4L

Minimum documentation searched (slassification system followed by classification syrmbots)

Documentabon searched oiher than minimum documentation to the exdent that such documents are included in the flelds searched

EPO-Internal, WPI Data, INSPEC

Elrctronie data Bise consulted during the intemational search (name of data base and, whore practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of doc , with indication, where appropriate, of the relévant passagos Relevant o claim No.
X WO 2007/136337 A2 (ERICSSON TELEFON AE L M 1-5,

[SE]) 29 November 2007 (2007-11-29) 7-14,
16-21,
23-25,
27,
29-39,
41-48,
50-52

page 2, lines 7-9,19-24

page 4, lines 27-35

page 5, lines 7-18,23-25

page 5, Tine 32 - page 6, line 2

page 6, lines 17-22

page ?, lines 9-12,28-30

page &, lines 17-37

page 12, lines 1-5

page 16, lines 21-28

claim 39

figure 1

-.‘I'--

Furthér documents ane listed in the continuation of Box

Sion patent larmily anrex

* Special categones of aited doaurmaenis

A" document defining the general stale of the art which is not considered
e be of particulas relevance

*E* warlier applioation or patant but publabed on or after the internatisnal
filing cate

“L* dosument which may throw doubts on pricrity claim{s) orwhish is
clted 1o eatablish the publication date of ancther cilation or othar
spaoial reason (ns specified)

"0 desument referring fo an oral disclosure, use, exhibiion or other
Fraisans

T* later documant pulslisfed after the nkermation al filing date or pria
dmte and not in conflict with the application hul:nhdhundnrhnn
the pringiple or theory underdying the nventon

"X document of padticular relevancs, the slamed imention cannot be
considersd novel or cannal be considered to involee an nventive
step whan the documant is taken alone

=" desument of partioular relevance, the clomed imvenbBon aannol b
considered to Involie an inventive whin the docurment is
combined wih one ar mone other & dasuments, such combination
baing obvicus to a parson akilled in the ard

European Patent Offics, P.B. 5818 Patentiaan 2

040,
Foux: [(+31-T0) 340-3016

* document published prior to the intemational fing dabe but laber than
the prionty date claimed "&" document member of the same patent farmsty
Dade of the actual wlaban of the int L3t | Baarch Date of mailing of the ntemational seareh resoed
13 June 2012 21/06/2012
Mame and mailing address of the ISA7 Authonzed oficer

Meister, Mark

Foem FOTASARTO (wecond aheal) (Apid 2005)

page 1 of 2
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INTERMATIONAL SEARCH REPORT

Imernational agplication Mo

PCT/US2011/060265

ClConlinuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Categarng” Cantion of document, with indication, where appropriate, of the relevant passages Ralwvart to claim Na.

X Us 7 840 220 Bl (MITCHELL JAMES P [Us]) 1-5,
23 November 2010 (2010-11-23) 7-14,
16-21,
23-27,
29-39,
41-48,
50-52
column 5, lines 13-31

column 5, line 62 - column 6, line 47
column 6, line 54 - column 7, line 6
column 7, line 19 - column 8, line 11
figures 2,3

A W0 2011/079612 Al (ZTE CORP [CN]; ZHANG 1-52
QINGHONG [CN]; LI HANG [CN])
7 July 2011 (2011-07-07)

the whole document

L -& EP 2 426 983 Al (ZTE CORP [CN]) 1-52
7 March 2012 (2012-03-07)
paragraphs [0004] - [0010]
paragraphs [BﬂlE . [0813]
paragraphs [0020] - [0024]
paragraph [0026]
paragraphs [0034] - [0036]
figure 1

Form POTASAZ 0 [continuaton of second shest) (Aol 200%5)

page 2 of 2
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INTERNATIONAL SEARCH REPORT

Intormation on patent family members

Internatonal application Mo

PCT/US2011/060265

Fatent document Pubdication Patent farmily Pulblication

cited in search report date memben(s) datie

WO 2007136337 A2 29-11-2007 CN 101449503 A 03-06-2009
EP 2020111 A2 04-02-2009
JP 2009538559 A 05-11-2009
TW 200805931 A 16-01-2008
Us 2007275665 Al 29-11-2007
Us 2010183064 Al 22-07-2010
Us 2011105046 Al 05-05-2011
WO 2007136337 AZ 29-11-2007

us 7840220 Bl 23-11-2010  NONE

WO 2011679612 Al 87-07-2011 AU 2010338867 Al 22-12-2011
CH 101765161 A 30-06-2010
EP 2426983 Al 07-03-2012
WO 2011079612 Al B7-07-2011

EP 2426983 Al 07-03-2012 AU 2010338867 Al 22-12-2011
CN 101765161 A 36-06-2010
EP 2426983 Al g7-03-2012
WO 2011079612 Al 07-07-2011

Fomn POCTHSAZ 10 (paten! lamily ascax) (Aanl 2005)
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PATENT COOPERATION TREATY

From the
INT EF!INATIDNAL SEA RGHING AUTHDFIIT\"

To:
i i

! see form PCTASALZZ0

Intermational upplll;allun Mo,
PCTAIS2011/060265 10.11.201

[TIntemational Paten! Classification (IPC) or both naticnal classification and IPC
INY. HO4L1,00 HO4L1.20

| " Date of mmw_

|- (daysmonthiear) see form PCTISAZ10 (second sheat)

S — e——————— S R . I |

Applicant’s or agent's fle reference FOR FURTHER ACTION '

| form PCTASAZ20 See paragraph 2 below |
|

I -1

[ .El.pi:i-ic::rn
| ASSIA ING.

| Intemational filing date (dzytnonthyear)

PCT

WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43kis.1)

Priority date {daymenthyesar)

& Box Mol Basis of the opinion

{ O Box Ne. 1l Priority

i O Box Mo 1 Mon-establishment of opinion with regard to novelty, inventive step and industrial applicability

| O BoxMNo. IV Lack of unity of invention

i E Box Ne. v Reasoned statement under Rule 43bis.1(a)(i} with regard to novelty, inventive step and industrial

| applicability; citations and explanations supporting such statement

3 O BoxMeo. VI Certain documents cited

| ] Box MNo. VIl Certain defects in the international applicaticn

j B Box Ne. VIl Certain cbservations on the international application

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will usuwally be considerad to ba a
written apinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
Internatiznal Bureau under Rule §6.1kis{b) that written opinions of this International Searching Authority
will nol be so considerad.
It this opinion is, as provided above, considered to be a writen opinian of the IPEA, the applicant is inviled to
submit to the IPEA a writtan reply tagather, whare appropriate, with amendments, befﬂw the expiration of 3 months

| from the date of mailing of Form PCTASAZ20 or before the expiration of 22 months from the priority datea,

{ whichever expires laler.

! For further options, see Form PCTASAZ20.

| 3. For further details, see notes to Form PCTASARZ2C,

{ Nm an:l mming address ol Ihe ISA

Dﬂl& of mmplemm crf
ﬂwu apinion

Eurcpean Patent Offics | cow ko

D-80298 Munich | PCTASAR10

! Tel. +43 B9 2399 - 0 {
- Fax: +49 B9 2395 - 4465 1

Form PCTASAZIT (Cover Shest) (July 2009)

1. This epinion containg indications relating to the following items:

Authorized Officer

w |
. N q'i !
Maistar, Mark i g H '
Telephone Mo. «49 89 2393.0 -" i

Charter Communications, Inc.
Exhibit 1008
Page #1889
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Box No.1 Basis of the opinion

1.

2,

3

With regard to the language, this opinion has been established on the basis of;
[E  the international application in the language in which it was filed

0 a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

O 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(a))

Wi_th_ regard to any nuclqnth:le andior amino acid sequence disclosed in the international application, this
opinion has been established on the basis of 2 sequence listing filed or furnished:

a. (means)
O onpaper
0 in electronic form
k. (time)
O in the international application as filed
O together with the international application in electronic form

O  subsequently to this Authority for the purposes of search

. LI In addition, in the case that 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 additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

. Additional commeants:

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

. Statement

Movealty (N) Yes: Claims 6,7, 15, 22-24 28 40, 41 49 50
MNo:  Claims 1-5, B-14, 16-21, 25-27, 29-39, 42-48 51, 52

Inventive step (1S) Yeas: Claims 6,15 22 28, 40, 48
No:  Claims 1-5, 7-14, 16-21, 23-27, 29-39, 41-48. 50-52

Industrial applicability (1A) Yes: Claims 1-82
No:  Claims

Citations and explanations

soe separate sheet

Form PCTASA/ 237 (April 2007)
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Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASAS23T (April 2007)
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:

D1 WO 2007/136337 A2 (ERICSSON TELEFON AB L M [SE]) 29
November 2007 (2007-11-29)

D2 US 7 840 220 B1 (MITCHELL JAMES P [US]) 23 November 2010
(2010-11-23)

2 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.

21 D1 discloses (the references in parenthesis applyving te this
document):

A method for optimizing performance (page 2, lines 7-% and 19-24:
according to the method of D1, CQOI for link adaptation is
generated as a function of long-term propagation channel
conditions when short-term propagation channel estimates
are not reliable. This way the performance of the
communication unit (s} is optimized) of one or more communication
units (page 5, lines 7-18, page 7, lines %-12, page 16,
lines 26-28, figure 1, reference sign 12)byaremote server
{(page 5, lines 23-25, page 7, lines 9-12, figure 1,
reference sign 10: the base station 10 can bhe seen as a
remobte server), the method comprising:

collecting data from the one or more communication units (according to
D1, different types of data concerning the wireless
communication devices can be collected by the base
station: information on fast/slow fading, page 4, lines
31-35, page 16, lines 21-23, claim 39, relative motion
with respect to the base station, page 6, lines 17-21,
identification number of the devices, page 7, lines
28-30, location of the devices, page 6, lines 20-22);
generating a policy, for each of the one or more communication units (page
16, lines 26-28), based onthe collected data (page 1, lines
27-35, page 5, line 32, page 6, line 2, page 8, lines
17-37, page 12, lines 1-5, page 16, lines 21-28: the

Form PCTASAZIT (Separale Sheel) (Sheeat 1) (EPO-April 2005)
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first peclicy corresponds to a link adaptation mode in
which the channel guality information is generated as a
function of long-term propagation channel
characteristics, e.g. WNACK rate, while the second policy
corresponds to & link adaptation mode in which the
channel guality information is generated as a function of
short-term channel estimates); and

sending the policy to each of the one or more communication units, wherein
the palicy 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 netwerk can instruct one or
more devices in a plurality of wireless communication
devices 12 Lo feed back information that is compatible
with the preferred operating mode") according to time-varying data
{link adaptaticn is inherently performed according to
time-varying data).

As 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).

2.2 D2 discloses (the references in parenthesis applying tc this
document):

A method for optimizing performance of one or more communication units
(figure 2, reference sign 12a: the communication unit is
the DTV station 12a. There can be more than one DTV
stations 1lZa, see column 8, line &, "Some DTV stations
l12a...") by aremote server (column 5, lines 13-31, figure 2,
reference sign 13: the remote server is the EOC 13, which
is connected to the DIV station(s) l2a via the WAN 18), the
method comprising:

collecting data from the one or more communication units (column 7, line
19 - column 8, line 1ll: data, i.e. RF statistics aover a
geagraphic region, is collected by the EOC 13 during a
field survey. The data can be collected from the mobile
clients 16 but also from DTV stations l12a, see column 8,
lines 6-9%, "This data may be used for the field survey
data...");

generating a policy, for each of the one or more communication units, based

Form POTASARET (Separale Shest) (Shea 2) (EPO-Ageil 20085
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2.3

2.4

on the collected data (column 5, line 62 - column &, line 47: a
FEC policy is generated at the EOC 13 for the DTV station
() 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
&, lines 39-41, "An assigned FEC method and strength is
used with a data payleoad for broadcast over the DTV
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
cperation comprise link adaptation strategies)according to
time-varying data (column 6, line 54 - column 7, line 6: the
time-varving data correspond to the GPS position 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 (Article 33(2) PCT).

The same applies to the corresponding independent claims 10, 27, 34 and 44,
the subject-matter of which is thus also not new (Article 33(2) PCT).

D1 discloses (the references in parenthesis applying to this
document):

A method for optimizing performance (page 2, lines 7-9 and 19-24:
according to the method of D1, CQI for link adaptation is
generated as a function ¢f long-term propagaticn channel
conditions when short-term propagation channel estimates
are not reliable. This way the 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, figure 1, reference sign 12), the method
comprising:

sending data from one or mare communication units to a remote server
(according to D1, different types of data concerning the
wireless communication devices can be sent to the base
station, which can be seen as a remote server:
information on fast/slew fading, page 4, lines 31-35,
page 16, lines 21-23, claim 3%, relative motion with
respect to the base station, page &, lines 17-21,

Fanm POTISARZIT (Separate Sheet) (Sheat 3) (EPO-Agril 2005
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2.5

identification number of the devices, page 7, lines
28-30, location of the devices, page 6, lines 20-22);
receiving a policy from the remole server (cage 7, lines 9-12, "a
base station 10 in the wireless communication network can
instruct one or meore devices in a plurality of wireless
communication devices 12 to feed back information that is
compatible with the preferred operating made"), wherein the
policy comprises conditions for operation of the one or more communication
units (page 1, lines 27-35, page 5, line 32, page 6, line 2,
page B, lines 17-37, page 12, lines 1-5, page 18, lines
21-28: the first policy corresponds to & link adaptation
mode in which the channel guality 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 second policy
correspends to a link adaptation mode in which the
channel gquality information is generated as a function of
short-term channel estimates);and

executing the policy (implicit) by implementing one of first and second
algorithms (the two algorithms correspond to the above
mentioned two link adaptation modes corresponding to
fast-fading and slow-fading) based on the conditions and time-
varying data (1ink adaptation is inherently performed
according to time-varying data).

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 references in parenthesis applyving te this
document):

A method for optimizing performance of one or more communication units
(figure 2, reference sign 12a: the communication unit is
the DTV station 12a. There can be more than one DTV
stations 12a, see column 8, line 6, "Some DTV stations
l12a..."), the method comprising:

sending data from one or more communication units to a remote server
(column 5, lines 13-31, figure 2, reference sign 13: the
remcote server is the EOC 13, which is connected to the
DTV staticn(s) 1l2a wvia the WAN 18. Column 7, line 19 -

Form PCTISAZAT (Saparate Sheet) [Shes 4) (EPO-Agi 2008)
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2.6

2.7

column 8, line 11: data, i.e. RF statistics over a
geographic region, is collected by the EOC 13 during a
field survey. The data can be collected from the mobile
clients 16 but also from DIV stations lZa, see column 8,
lines 6~9%, "This data may be used for the field survey
data...");

receiving a policy from the remote server (column &, lines 39-41, "An
assigned FEC method and strength is used with a data
pavyload for broadcast over the DTV broadecast network 12
to the mekile client 16"), wherein the policy comprises conditions for
operation of the one or more communication units {(coclumn 6, line 54 -
column 7, line 6: the conditions for operation comprise
link adaptation strategies);and

executing the policy by implementing one of first and second algorithms
(column 6, line 54 = column 7, line &, figure 3: the link
adaptation strategies corresponding to Zones 1 and 2 can
be seen as first and second algorithms) based on the conditions
and time-varying data (column 6, line 54 - cclumn 7, line 6:
the time-varying data corresponds to the GPS position and
speed of the mobile clients 16 and to time information).

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).

The same applies to the corresponding independent claim 27, the subject-
matter of which is thus also not new (Article 33(2) PCT).

Dependent claims 2-5, 7-9, 11-14, 16, 18-21, 23-26, 29-33, 35-39, 41-43,
45-48, 50-52 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 (Article 33(2) PCT) and/or inventive step (Article 33(3)
PCT), see the documents and the corresponding passages cited in the
international search report.

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
adaptation algorithm at the server and of sending the code to 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

Form PCTASAZIT (Separata Sheet) (Sheat 5) (EPD-Apei 2005)
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parameters as in D2). In other words, the link adaptation algorithms to be
executed at the communication unit(s) 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
algorithm at the server is neither disclosed nor suggested by the available
documents of the prior art.

Re Item Vil
Certain observations on the international application

5

5.1

5.2

The expression "pseudo-code” used in claims 6, 15, 22, 28, 40 and 49
renders the subject-matter of these claims unclear (Article 6 PCT) for the
following reasons:

Wikipedia (http://fen.wikipedia.org/wiki/Pseudocode) gives the following
definition of pseudo-code: "In computer science and numerical computation,
pseudocode is an informal high-level description of the operating principle of a
computer program or other algorithm. It uses the structural conventions of a
programming language, but is intended for human reading rather than
machine reading. Pseudocode typically omits details that are nol essential
for human understanding of the algorithm, such as variable declarations,
system-specific code 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 that 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 syntax exists, as a program in pseudocode is not an
executable program.”

The following statements 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 "pseudo-code”, as shown above. A pseudo-code is not executable by a
processor. For this reason, the intended limitations for claims 6, 15, 22, 28, 40
and 49 are not clear, contrary to the requirements of Article 6 PCT.

Form PCTASAZST (Separaie Sheet) (Sheet 6] (EPO-Aped 2005)
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The expression "pseudo-code or code” used in claims 6, 15, 22, 28, 40 and 49
should have been changed into "software code” in order to meet the
requirements of Article 6 PCT.

& Claims 10, 12, 13, 14 refers to method steps to be implemented by the
communication unit(s), even though claims 10, 12, 13, 14 refer to a machine-
readable storage medium having computer executable instructions to 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 6 PCT.

7 Claims 34, 36, 37, 38, 39 refers to apparatus features of the communication
unit(s). even though claims 34, 36, 37, 38, 39 refer to the server apparatus.
The intended limitations for claims 34, 36, 37, 38, 39 are therefore not clear,
contrary to the requirements of Article 8 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 other only with regard to the definition of the subject-matter
for which protection is sought and/or in respect of the terminology used for the
fealures 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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Possible steps after receipt of the international search report (1 SR) and
written opinion of the International Searching Authority (WQ-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
preliminary
examination

Filing informal
commaeants

End of the
international
phase

Relevant PCT
Rules and more
information

For all international applications filed on or after 01/01/2004 the competent
ISA will establish an ISR It is accompanied by the WO-ISA  Unlike the
former written opinion of the |PEA (Rule 86.2 PCT), the WO-ISA 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 months after the date of mailing of the 1SR and the WO-1SA the
applicant may file amended claims under Art, 19 PCT directly with the
International Bureau of WIPO. 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 Notes to form PCT/1SA/220.

In principle, the WO-1SA will be considered as the written opinion of the
IPEA. This should, in many cases, make it unnecessary 1o file a demand for
international preliminary examination. If the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/ WO-1SA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the |PEA as before, normally at the same time as
filing the demand (Rule 68.1 (b) PCT).

If a demand for international preliminary examination is filed and no
comments/amendments have been received the WO-1SA will be transformed
by the IPEA into an IPRP (International Preliminary Report on Patentability)
which would merely reflect the content of the WO-ISA. The demand can still
be withdrawn (Art. 37 PCT).

After receipt of the ISR/WO-ISA the applicant may file informal comments
on the WO-1SA directly with the International Bureau of WIPO. These
will be communicated to the designated Offices together with the IPRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box,

At the end of the international phase the International Bureau of WIPO will
transform the WO-ISA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The IPRP replaces the former
IPER (international preliminary examination report).

Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newslstter
12/2003, CJ 11/2003, OJ 12/2003
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Attarnoy Docket Number: 8241P054PCT

Declaration of Inventorship (Rules 4.17{lv) and 51bis.1{a}(iv))
for the purposes of the designation of the United Siates of America:

| hereby declare that | believe | am the original, first and sols (if only one inventor is listed below) or joint (if
more than one inventor is listed below) inventor of the subject maller which is claimed and for which a
patent is sought.

This declaration is directed fo the internationat application of which it forms a part {if filing declaration with
appiication).

This declaration is directed to international application No. (if furnishing declaration pursuant to Rule 26(er).
| herehy declare that my residence, mailing address, and citizenship are as slated next to my name.

| hereby state that | have reviewed and understand the contents of the above-identified international
application, including the claims of said application. | have identified in the request of said applicaticn, in
compliance with PCT Rule 4.10, any claim to foreign priority, and | have identified below, under the heading
“Prior Applications,” by application number, country or Member of the World Trade Organization, day, month
and year of filing, any application for a patent or inventor's cerlificale filed in a country other than the United
States of America, including any PCT international appiication designating al least one country other than
{he United States of America, having a filing date hafore thal of the application on which foreign priority is
claimed.

Prior Applications: i

| hereby acknowledge the duly to disclose information that is known by me 1o be material to patentability as
delined by 37 C.F.R. § 1.56, including for continuation-in-part applications, material information which
bacame available betwsen lhe filing date of the prior appiication and the PCT intemational filing date of the
cordinuation-in-part apphication.

| hareby declare that all stalements made herein of my own knowledge are true and thal all statements
made on information and belief are believed to be true; and further that these statements were made with
the knowledge that willful false stalements and the like so made are punishable by fine or Impriscnment, o
both, under Section 1001 of Title 15 of the United States Code and thal such willful false slalements may
jeopardize the validity of the application or any patenl issued thereon.

NAME OF SOLE OR FIRST INVENTOR:

Full Nams: YWonlona Bhes
/L/L {First, Wnﬁf &nyl, Family Mamea (or Surmame), and Sulfiz G any)
inventor’s Signature ":?“**‘"f LU Date M2V 10, 2o
L
Residerce San Francisen, CA_US ) Citizenship KR
(Cily , Slale, Counfry} {Country}

Mailing Address 238 Borry Streel #1608 l
San Franciscs, SA 24158 US y

Docket No. B241P054FCT e
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( Application Mo, Mot yet assigned

INFORMAT|ON DISCLOSURE Filing Date 2014-05-06
STATEMENT BY APPLICANT Fist Inventor | WWonjong RHEE
Art Unit Mot yet assigned
{Mot for submission under 37 CFR 1.98) Examiner Name Mot yet assigned
&_ Alomey Docket No_| 824 1P054 Conf. Mo, <

DUTY OF DISCLOSURE STATEMENT
In accordance with the duty of disclosure, enclosed is a copy of an Information Disclosure Statement (IDS) Citation Form
PTO/SB/OE or PTO-1449, together with copies of the documents cited on that form, except for coples not reguired to be
submitted (e.g., copies of U.5. patents and U.S. published palent applications need not be enclosed). This IDS and IDS
Citation Form are being submitted . Itis respectfully requested that the cited references be considered and that the
enclosed copy of PTOISB/0E be initialed by the Examiner to indicate such consideration and a copy thereof returned to
applicant{s). Some or all of the references listed on the enclosed PTO/SB/0S were previously identified in the parent
application {Application No. PCT/US2011/060265, filed November 10, 2011) and copies of the references were furnished at
that time. Accordingly, per 37 CFR §1.98(d)(1) additicnal copies of those references are not submitted herewith.

The references listed were cited in a Search Report dated June 21, 2012 (copy enclosed herewith and, if not in the English
language, a cover sheet with English language translation is attached).

The submission of this Information Disclosure Statement is not to be construed as a representation that a search has been
made in the subject application and is not to be construed as an admission that the information cited in this statement is
material to patentability.

W,

-

AN

CERTIFICATION STATEMENT
Flease see 37 CFR 1.97 and 1.58 to make the appropriate selection(s):

E] That each item of information contained in the information disclosure statemeant was first cited in any communication from

a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the information
disclosure statement. See 37 CFR 1.97(e)(1).

OR

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

certification after making reasonable inquiry, no item of information contained in the information disclosure statement was
known to any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information
disclosure statement. See 37 CFR 1.97(e){2).

OR

D Mone

D The IDS Filing Fee in the amount of $180.00 as set forth in 37 CFR 1.17(p) has been submitted herewith.

B itis requested that any requisite fees be debited from Depasit Account (2-2666.

SIGNATURE
A signatura 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 sionature,

Signature | /Usman A. Mughal/ Date (MM-DD-YYYY) | 05-06-2014

Name/Print | Usman A. Mughal Registration Number | 62887
! hereby certify that this comespandence iz being submilted electromically via EFS Web on the date shown below,

Liza Puccinalli /Lisa Puccinellif Date 05-06-14

T ool s of o e s d g 0 OO0 B e B W vl e o e o v i L Ly B bl wha l\r I \.J 1.'” ﬂ .M'\-ﬂl J.l-ﬁ.l- .l“i \ll&\‘r-’\h’ U'l.'.' |'|'-\.:|rc||| wn l\..l"‘l T W ek P
e 1 st Trusirars G . i oeen o v :.:'-' otk 2551 o . 231 0 WOCHT SEND FEES OR COMPLETED EORMS T0 THIS AOCRESS, SEND TO: Commissionsr for Patants, P.0. Box
1450, Alwxaneria, VA 723931450,

\_ .
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Substitne for feem 14408 PTO I daly i W
Application Number Mot yet assigned
INFORMATION DISCLOSURE | Filing Date 2014-05-06
STATEMENT BY APPLICANT | First Named Inventor Rhee, Wonjong
(Lieh B iy Shils BF ABORERIY] Grﬂup Al’t ul'lit N{}[ }"L‘l 355' gncd
Examiner Name Not yet assigned
Sheet 1 of 1 Attorney Docket No: 8241P054
US PATENT DOCUMENTS
Pagas, Columns,
Fuldication Lines, Where Relevant
Examinar Cito USF Documant ‘or lasut Dato Hama of Patentes or Applicant Pazsages or Relovant
Initial * No ' Mumbsar MM-DD-YYYY aof citad Do t Figuras Appaar
1 US-7 840,220 1172312010 Mitchell, James P.
FOREIGN PATENT DOCUMENTS
Foraign Patent Docwumant Pages, Columns, Lines,
Examinar Cite Counriry CodaMum benRind Code Publication Data MName of Patentee or Applicant of Whare Ralavani Passagas
Initials® No ' {if known} MM-DD-YYYY cited Document of Relevant Figures Appear | T*
2 EP-2426983 03/07/2012 Zhang, Qinghong , et al.
3 WO-20071368337 11/292007 Malnar, Karl J., et al,
4 WO-2011079612 07/07/2011 Zhang. Qinghong, et al.
OTHER DOCUMENTS -- NON PATENT LITERATURE DOCUMENTS
Include nama of the author (in CAPITAL LETTERS). title of tha article (whoen appropriate), title of tha itom (book,
Examirer Cita magazing, journal, serial, symposiam, catalog, otc.), date, page(s), volume-sswe number(s), publisher, city andior
Initials* Mo country whare published, T
5 International Search Report and Written Opinion for International Patent Application
Mo. PCT/US2011/060265,(Attorney Docket No. 824 1POS4PCT), Mailed 6/21/2012.,
EXAMINER DATE CONSIDERED

*FEMAMKER: Irdlal il refonence onnsidensd whelto or rol cialim & in onnlommance with MPEP @08 Draes B fwmugh cilabon # rol i

(B o PTOFIR00A 0500 « Dubalibutn Diacheaiing Covksvand Famrs (PTO- 1445 88 readled by BOTZ 052507
TN

e el rod ol e Inciudio cogry ol Bris eemeowdih sen oo nicadon in
bl

apphaanl 1 Applcasts unipua dietes dosignakon sumbor {ppbonal] 2 ADpheant s B placo & ohook mark hom § Engien nguags Translrien is M
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B~ 5
[ ey = A
{ e = =
From the INTERMATIONAL SEARCHING AUTHORITY ‘. - o
To: - .
Vincent, Lostor J, NOTIFICATION OF TRANSMITTAL OF
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP THE INTERNATIONAL SEARCH REPORT AND
THE WRITTEN OPINION OF THE INTERNATIOMAL

1379 Oakmand Periomay SEARCHING AUTHORITY, OR THE DECLARATION

Sunnyvale CA 24085-4040
ETATZ-UNIS FAMERIQUE

(PCT Rule 44.1)

Diata of mailng
{aayimantiear)
— 21 June 2012 (21-06-2012)
Applicant’s er agent’s file referknce ] (L =t
B241POS4PCT SUNNYVALE FORFURTHER ACTION Sea paragraphs 1 and 4 below
Intern ational application MNe ) Internitional filking date
PCTAJS2011060265 JUN 2 6 2012 faayimantaiyear) 10 Movamber 2011 (10-11-2011)

BLAKELY SOKOLOFF

Applicant
TAYLOR ZAFMAN

ASSIA, INC.

1. The applicant is hereby notified that the intermational search report and the written opinkon of the International Searching
Authaority have been established and are tranamitted herewith,

Flling of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, te amend the laims of tha International Apphcation (see Fule 48):

When? The time kmit for filing such amendments ia normally twe menths frem the date of tranemittal of the
Internaticnal Search Repart.

Where? Directly to the Intemational Bureau of WIPO, 34 chemin des Colombettes
1211 Geneva 20, Swilzerdand, Fascimile No.: (41-22) 338.82.T0

For more detailed instructions, see PCT Applicants Guids, International Phase, paragraphs 9,004 - 9.011.

2 D The applicant is hereby notified that no intemational search report will be established and that the declaration under
Ardicle 17(2)(a) to thal eled and the written opinion of the Intemational Searching Authority are tranamitted herewith,

3 D With regard to any protest against payment of (an) additional fee(s) under Fule 40.2, the applican is notified that:

[:| the protest together with the decision therecn has been transmitted to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision therecn lo the designated Offices

D no decision has been made yet on the protest; the applicant will be nolified as soon as a decision is made

4. Reminders
The applizant may submit comments on an informal basis on the writhen opinion of the Intemational Searching Authority to the

International Bureau. The International Bureaw will send a copy of such comments to all designated Offices unless an
intarnational preliminary examination report has boen or is to be eatablished, Following the expiration of 30 menths from the

pricrity date, these comments will also be made available to the pulblic

Snortly after the expiration of 18 months fram the priodty date, the intemational application will be published by the

International Bureau. If the applicant wishes lo aveid or postpene publication, a notice of withdrowal ef the intermational
application, or of the priority claim, must reash the Intermational Bureau before completion of the technisal praparations for

international publication (Rules $0bie.1 and S0b4s.3),

Within 19 months from the pricrity date, but enly in respect of some designated Offices, a demand lor international preliminary
examination must ba filed if the applicant wishes to postpone the entry info the national phase until 30 months from the priceity
date [in seme Offices even later); olherwise, the applicant must, within 20 months from the pricrity date, parform the prescribed

aots for entry into the national phase before those designated Offices

In respect of other designated Offices, the time limit of 30 months (or later) will apply even il no demand is filed within 19
monthe

For details about the applicable time imits, Office by Office, ase www wipo intpetentextstime_limits html and the

PCT Applicants Guide, National Chapters,

Mame and mailing address of the Intemational Searching Authonty | Authorized officer - pp—
European Patent Office, P.B. 5818 Patentlaan 2 Enlergd into FIT
ML-22B0 HY Rijswijk TOSCAND OLIVERDS, Lucia 5 :;:' —
. Tel. (+31-70) 340-2040 Tel: 449 ()89 2399-5747 Y = s
Fax: (+31-70) 340-3016

Form PCTASA/Z20 (July 2010)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Aricle 18 and Rules 43 and 44)

Applicant’s or agent’s lile reference

8241FO54FCT

FOR FURTHER

ACTION as well as, where apphcable, item 5 below.

sae Form PCTASAZE0

International apphcation Mo

POT/US2011 /060265

Intemational filing date (daymaonthjear)

i0/11/2011

(Earliest) Prionity Date (gay mamhiyear)

Applicant

ASSIA, INC.

This intematicnal search repor has been prepared by this Internalional Searching Authority and is tranemitted to the applicant
ascording to Article 18, A copy is being transmitted o the Internalional Bureaw.

Thiw international search report consiste of a tatal of 4 shoets
E Itis also accompanied by a copy of ench prior art document cited in this repon

1. Basis of the report

a.  With regard to the language, the intemational search was camed cut on the basis of;
EI the international application in the language in which it was filed
D a translation of the inlernational application into

cf a translation furnished for the purpeses of intematicnal search (Rules 12.5(a) and 231 (b))

, whigh is the language

b. [[]  Thisintemational search report has been established taking inte acecunt the rectification of an obvious mistake
autnonzed by or notified to this Authority under Fule 91 (Rule 43 6bis(a))

o. E] With regard to any nuclectide and/or amino acld sequence discioaed in the international application, see Box Mo. |,

m Cartain claims wera found unsearchable (See Box Mo. II)

[]  unity of invention is lacking (ses Box No I1l)

With regard io the title,
[X] thetestis approved as submittes by the applicant
[[]  thetest has been established by this Authority to read as follows:

With regard to the abstract,
[X] thetext is approved as submitted by the applicant

[[] thetext has been established, accerding ta Rule 38.2, by this Authority as it appears in Box No. IV The applicant
may, within ané maonth from the date of mailing of this international search rapart, submil comments te this Authority

With regard to the drawings,
o.  ihe figure of the drawings to be published with the abstract is Figure No. _ 4
El a5 suggested by the applicant
[C]  ae selectod by this Authority, bacause the applicant failed to suggest a figure
[[]  asselected by this Authority, because this figure better characterizes the invention
b. U none of the figures is to be published with the abstract

Farm PCTASAZ10 (firat sheet) (July 2008)
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INTERNATIONAL SEARCH REPORT

International application Mo

PCT/US2011/060265

A. CLASSIFICATION OF SUBJECT MATTER

INV. HB4Ll/00 HO4L1/20
ADD.

Ascordang to Infernational Patent Classification (IPC) or to both national classifeation and PG

B, FIELDS SEARCHED

HB4L

Minimum documentation searched (slassification system followed by classification syrmbots)

Documentabon searched oiher than minimum documentation to the exdent that such documents are included in the flelds searched

EPO-Internal, WPI Data, INSPEC

Elrctronie data Bise consulted during the intemational search (name of data base and, whore practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of doc , with indication, where appropriate, of the relévant passagos Relevant o claim No.
X WO 2007/136337 A2 (ERICSSON TELEFON AE L M 1-5,

[SE]) 29 November 2007 (2007-11-29) 7-14,
16-21,
23-25,
27,
29-39,
41-48,
50-52

page 2, lines 7-9,19-24

page 4, lines 27-35

page 5, lines 7-18,23-25

page 5, Tine 32 - page 6, line 2

page 6, lines 17-22

page ?, lines 9-12,28-30

page &, lines 17-37

page 12, lines 1-5

page 16, lines 21-28

claim 39

figure 1

-.‘I'--

Furthér documents ane listed in the continuation of Box

Sion patent larmily anrex

* Special categones of aited doaurmaenis

A" document defining the general stale of the art which is not considered
e be of particulas relevance

*E* warlier applioation or patant but publabed on or after the internatisnal
filing cate

“L* dosument which may throw doubts on pricrity claim{s) orwhish is
clted 1o eatablish the publication date of ancther cilation or othar
spaoial reason (ns specified)

"0 desument referring fo an oral disclosure, use, exhibiion or other
Fraisans

T* later documant pulslisfed after the nkermation al filing date or pria
dmte and not in conflict with the application hul:nhdhundnrhnn
the pringiple or theory underdying the nventon

"X document of padticular relevancs, the slamed imention cannot be
considersd novel or cannal be considered to involee an nventive
step whan the documant is taken alone

=" desument of partioular relevance, the clomed imvenbBon aannol b
considered to Involie an inventive whin the docurment is
combined wih one ar mone other & dasuments, such combination
baing obvicus to a parson akilled in the ard

European Patent Offics, P.B. 5818 Patentiaan 2

040,
Foux: [(+31-T0) 340-3016

* document published prior to the intemational fing dabe but laber than
the prionty date claimed "&" document member of the same patent farmsty
Dade of the actual wlaban of the int L3t | Baarch Date of mailing of the ntemational seareh resoed
13 June 2012 21/06/2012
Mame and mailing address of the ISA7 Authonzed oficer

Meister, Mark

Foem FOTASARTO (wecond aheal) (Apid 2005)

page 1 of 2

Charter Communications, Inc.
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INTERMATIONAL SEARCH REPORT

Imernational agplication Mo

PCT/US2011/060265

ClConlinuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Categarng” Cantion of document, with indication, where appropriate, of the relevant passages Ralwvart to claim Na.

X Us 7 840 220 Bl (MITCHELL JAMES P [Us]) 1-5,
23 November 2010 (2010-11-23) 7-14,
16-21,
23-27,
29-39,
41-48,
50-52
column 5, lines 13-31

column 5, line 62 - column 6, line 47
column 6, line 54 - column 7, line 6
column 7, line 19 - column 8, line 11
figures 2,3

A W0 2011/079612 Al (ZTE CORP [CN]; ZHANG 1-52
QINGHONG [CN]; LI HANG [CN])
7 July 2011 (2011-07-07)

the whole document

L -& EP 2 426 983 Al (ZTE CORP [CN]) 1-52
7 March 2012 (2012-03-07)
paragraphs [0004] - [0010]
paragraphs [BﬂlE . [0813]
paragraphs [0020] - [0024]
paragraph [0026]
paragraphs [0034] - [0036]
figure 1

Form POTASAZ 0 [continuaton of second shest) (Aol 200%5)

page 2 of 2
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INTERNATIONAL SEARCH REPORT

Intormation on patent family members

Internatonal application Mo

PCT/US2011/060265

Fatent document Pubdication Patent farmily Pulblication

cited in search report date memben(s) datie

WO 2007136337 A2 29-11-2007 CN 101449503 A 03-06-2009
EP 2020111 A2 04-02-2009
JP 2009538559 A 05-11-2009
TW 200805931 A 16-01-2008
Us 2007275665 Al 29-11-2007
Us 2010183064 Al 22-07-2010
Us 2011105046 Al 05-05-2011
WO 2007136337 AZ 29-11-2007

us 7840220 Bl 23-11-2010  NONE

WO 2011679612 Al 87-07-2011 AU 2010338867 Al 22-12-2011
CH 101765161 A 30-06-2010
EP 2426983 Al 07-03-2012
WO 2011079612 Al B7-07-2011

EP 2426983 Al 07-03-2012 AU 2010338867 Al 22-12-2011
CN 101765161 A 36-06-2010
EP 2426983 Al g7-03-2012
WO 2011079612 Al 07-07-2011

Fomn POCTHSAZ 10 (paten! lamily ascax) (Aanl 2005)

Charter Communications, Inc.
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PATENT COOPERATION TREATY

From the
INT EF!INATIDNAL SEA RGHING AUTHDFIIT\"

To:
i i

! see form PCTASALZZ0

Intermational upplll;allun Mo,
PCTAIS2011/060265 10.11.201

[TIntemational Paten! Classification (IPC) or both naticnal classification and IPC
INY. HO4L1,00 HO4L1.20

| " Date of mmw_

|- (daysmonthiear) see form PCTISAZ10 (second sheat)

S — e——————— S R . I |

Applicant’s or agent's fle reference FOR FURTHER ACTION '

| form PCTASAZ20 See paragraph 2 below |
|

I -1

[ .El.pi:i-ic::rn
| ASSIA ING.

| Intemational filing date (dzytnonthyear)

PCT

WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43kis.1)

Priority date {daymenthyesar)

& Box Mol Basis of the opinion

{ O Box Ne. 1l Priority

i O Box Mo 1 Mon-establishment of opinion with regard to novelty, inventive step and industrial applicability

| O BoxMNo. IV Lack of unity of invention

i E Box Ne. v Reasoned statement under Rule 43bis.1(a)(i} with regard to novelty, inventive step and industrial

| applicability; citations and explanations supporting such statement

3 O BoxMeo. VI Certain documents cited

| ] Box MNo. VIl Certain defects in the international applicaticn

j B Box Ne. VIl Certain cbservations on the international application

2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will usuwally be considerad to ba a
written apinion of the International Preliminary Examining Authority ("IPEA") except that this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
Internatiznal Bureau under Rule §6.1kis{b) that written opinions of this International Searching Authority
will nol be so considerad.
It this opinion is, as provided above, considered to be a writen opinian of the IPEA, the applicant is inviled to
submit to the IPEA a writtan reply tagather, whare appropriate, with amendments, befﬂw the expiration of 3 months

| from the date of mailing of Form PCTASAZ20 or before the expiration of 22 months from the priority datea,

{ whichever expires laler.

! For further options, see Form PCTASAZ20.

| 3. For further details, see notes to Form PCTASARZ2C,

{ Nm an:l mming address ol Ihe ISA

Dﬂl& of mmplemm crf
ﬂwu apinion

Eurcpean Patent Offics | cow ko

D-80298 Munich | PCTASAR10

! Tel. +43 B9 2399 - 0 {
- Fax: +49 B9 2395 - 4465 1

Form PCTASAZIT (Cover Shest) (July 2009)

1. This epinion containg indications relating to the following items:

Authorized Officer

w |
. N q'i !
Maistar, Mark i g H '
Telephone Mo. «49 89 2393.0 -" i
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTMUS2011060265

Box No.1 Basis of the opinion

1.

2,

3

With regard to the language, this opinion has been established on the basis of;
[E  the international application in the language in which it was filed

0 a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

O 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(a))

Wi_th_ regard to any nuclqnth:le andior amino acid sequence disclosed in the international application, this
opinion has been established on the basis of 2 sequence listing filed or furnished:

a. (means)
O onpaper
0 in electronic form
k. (time)
O in the international application as filed
O together with the international application in electronic form

O  subsequently to this Authority for the purposes of search

. LI In addition, in the case that 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 additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

. Additional commeants:

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

. Statement

Movealty (N) Yes: Claims 6,7, 15, 22-24 28 40, 41 49 50
MNo:  Claims 1-5, B-14, 16-21, 25-27, 29-39, 42-48 51, 52

Inventive step (1S) Yeas: Claims 6,15 22 28, 40, 48
No:  Claims 1-5, 7-14, 16-21, 23-27, 29-39, 41-48. 50-52

Industrial applicability (1A) Yes: Claims 1-82
No:  Claims

Citations and explanations

soe separate sheet

Form PCTASA/ 237 (April 2007)
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Exhibit 1008
Page #1910



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTMUJS2011060265

Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASAS23T (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/060265

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following documents:

D1 WO 2007/136337 A2 (ERICSSON TELEFON AB L M [SE]) 29
November 2007 (2007-11-29)

D2 US 7 840 220 B1 (MITCHELL JAMES P [US]) 23 November 2010
(2010-11-23)

2 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.

21 D1 discloses (the references in parenthesis applyving te this
document):

A method for optimizing performance (page 2, lines 7-% and 19-24:
according to the method of D1, CQOI for link adaptation is
generated as a function of long-term propagation channel
conditions when short-term propagation channel estimates
are not reliable. This way the performance of the
communication unit (s} is optimized) of one or more communication
units (page 5, lines 7-18, page 7, lines %-12, page 16,
lines 26-28, figure 1, reference sign 12)byaremote server
{(page 5, lines 23-25, page 7, lines 9-12, figure 1,
reference sign 10: the base station 10 can bhe seen as a
remobte server), the method comprising:

collecting data from the one or more communication units (according to
D1, different types of data concerning the wireless
communication devices can be collected by the base
station: information on fast/slow fading, page 4, lines
31-35, page 16, lines 21-23, claim 39, relative motion
with respect to the base station, page 6, lines 17-21,
identification number of the devices, page 7, lines
28-30, location of the devices, page 6, lines 20-22);
generating a policy, for each of the one or more communication units (page
16, lines 26-28), based onthe collected data (page 1, lines
27-35, page 5, line 32, page 6, line 2, page 8, lines
17-37, page 12, lines 1-5, page 16, lines 21-28: the

Form PCTASAZIT (Separale Sheel) (Sheeat 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERMNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/060265

first peclicy corresponds to a link adaptation mode in
which the channel guality information is generated as a
function of long-term propagation channel
characteristics, e.g. WNACK rate, while the second policy
corresponds to & link adaptation mode in which the
channel guality information is generated as a function of
short-term channel estimates); and

sending the policy to each of the one or more communication units, wherein
the palicy 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 netwerk can instruct one or
more devices in a plurality of wireless communication
devices 12 Lo feed back information that is compatible
with the preferred operating mode") according to time-varying data
{link adaptaticn is inherently performed according to
time-varying data).

As 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).

2.2 D2 discloses (the references in parenthesis applying tc this
document):

A method for optimizing performance of one or more communication units
(figure 2, reference sign 12a: the communication unit is
the DTV station 12a. There can be more than one DTV
stations 1lZa, see column 8, line &, "Some DTV stations
l12a...") by aremote server (column 5, lines 13-31, figure 2,
reference sign 13: the remote server is the EOC 13, which
is connected to the DIV station(s) l2a via the WAN 18), the
method comprising:

collecting data from the one or more communication units (column 7, line
19 - column 8, line 1ll: data, i.e. RF statistics aover a
geagraphic region, is collected by the EOC 13 during a
field survey. The data can be collected from the mobile
clients 16 but also from DTV stations l12a, see column 8,
lines 6-9%, "This data may be used for the field survey
data...");

generating a policy, for each of the one or more communication units, based

Form POTASARET (Separale Shest) (Shea 2) (EPO-Ageil 20085
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Exhibit 1008
Page #1913



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/060265

2.3

2.4

on the collected data (column 5, line 62 - column &, line 47: a
FEC policy is generated at the EOC 13 for the DTV station
() 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
&, lines 39-41, "An assigned FEC method and strength is
used with a data payleoad for broadcast over the DTV
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
cperation comprise link adaptation strategies)according to
time-varying data (column 6, line 54 - column 7, line 6: the
time-varving data correspond to the GPS position 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 (Article 33(2) PCT).

The same applies to the corresponding independent claims 10, 27, 34 and 44,
the subject-matter of which is thus also not new (Article 33(2) PCT).

D1 discloses (the references in parenthesis applying to this
document):

A method for optimizing performance (page 2, lines 7-9 and 19-24:
according to the method of D1, CQI for link adaptation is
generated as a function ¢f long-term propagaticn channel
conditions when short-term propagation channel estimates
are not reliable. This way the 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, figure 1, reference sign 12), the method
comprising:

sending data from one or mare communication units to a remote server
(according to D1, different types of data concerning the
wireless communication devices can be sent to the base
station, which can be seen as a remote server:
information on fast/slew fading, page 4, lines 31-35,
page 16, lines 21-23, claim 3%, relative motion with
respect 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 6, lines 20-22);
receiving a policy from the remole server (cage 7, lines 9-12, "a
base station 10 in the wireless communication network can
instruct one or meore devices in a plurality of wireless
communication devices 12 to feed back information that is
compatible with the preferred operating made"), wherein the
policy comprises conditions for operation of the one or more communication
units (page 1, lines 27-35, page 5, line 32, page 6, line 2,
page B, lines 17-37, page 12, lines 1-5, page 18, lines
21-28: the first policy corresponds to & link adaptation
mode in which the channel guality 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 second policy
correspends to a link adaptation mode in which the
channel gquality information is generated as a function of
short-term channel estimates);and

executing the policy (implicit) by implementing one of first and second
algorithms (the two algorithms correspond to the above
mentioned two link adaptation modes corresponding to
fast-fading and slow-fading) based on the conditions and time-
varying data (1ink adaptation is inherently performed
according to time-varying data).

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 references in parenthesis applyving te this
document):

A method for optimizing performance of one or more communication units
(figure 2, reference sign 12a: the communication unit is
the DTV station 12a. There can be more than one DTV
stations 12a, see column 8, line 6, "Some DTV stations
l12a..."), the method comprising:

sending data from one or more communication units to a remote server
(column 5, lines 13-31, figure 2, reference sign 13: the
remcote server is the EOC 13, which is connected to the
DTV staticn(s) 1l2a wvia the WAN 18. Column 7, line 19 -
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Charter Communications, Inc.
Exhibit 1008
Page #1915



WRITTEN OPINION OF THE International application Mo,
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2011/060265

2.6

2.7

column 8, line 11: data, i.e. RF statistics over a
geographic region, is collected by the EOC 13 during a
field survey. The data can be collected from the mobile
clients 16 but also from DIV stations lZa, see column 8,
lines 6~9%, "This data may be used for the field survey
data...");

receiving a policy from the remote server (column &, lines 39-41, "An
assigned FEC method and strength is used with a data
pavyload for broadcast over the DTV broadecast network 12
to the mekile client 16"), wherein the policy comprises conditions for
operation of the one or more communication units {(coclumn 6, line 54 -
column 7, line 6: the conditions for operation comprise
link adaptation strategies);and

executing the policy by implementing one of first and second algorithms
(column 6, line 54 = column 7, line &, figure 3: the link
adaptation strategies corresponding to Zones 1 and 2 can
be seen as first and second algorithms) based on the conditions
and time-varying data (column 6, line 54 - cclumn 7, line 6:
the time-varying data corresponds to the GPS position and
speed of the mobile clients 16 and to time information).

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).

The same applies to the corresponding independent claim 27, the subject-
matter of which is thus also not new (Article 33(2) PCT).

Dependent claims 2-5, 7-9, 11-14, 16, 18-21, 23-26, 29-33, 35-39, 41-43,
45-48, 50-52 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 (Article 33(2) PCT) and/or inventive step (Article 33(3)
PCT), see the documents and the corresponding passages cited in the
international search report.

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
adaptation algorithm at the server and of sending the code to 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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parameters as in D2). In other words, the link adaptation algorithms to be
executed at the communication unit(s) 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
algorithm at the server is neither disclosed nor suggested by the available
documents of the prior art.

Re Item Vil
Certain observations on the international application

5

5.1

5.2

The expression "pseudo-code” used in claims 6, 15, 22, 28, 40 and 49
renders the subject-matter of these claims unclear (Article 6 PCT) for the
following reasons:

Wikipedia (http://fen.wikipedia.org/wiki/Pseudocode) gives the following
definition of pseudo-code: "In computer science and numerical computation,
pseudocode is an informal high-level description of the operating principle of a
computer program or other algorithm. It uses the structural conventions of a
programming language, but is intended for human reading rather than
machine reading. Pseudocode typically omits details that are nol essential
for human understanding of the algorithm, such as variable declarations,
system-specific code 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 that 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 syntax exists, as a program in pseudocode is not an
executable program.”

The following statements 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 "pseudo-code”, as shown above. A pseudo-code is not executable by a
processor. For this reason, the intended limitations for claims 6, 15, 22, 28, 40
and 49 are not clear, contrary to the requirements of Article 6 PCT.
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The expression "pseudo-code or code” used in claims 6, 15, 22, 28, 40 and 49
should have been changed into "software code” in order to meet the
requirements of Article 6 PCT.

& Claims 10, 12, 13, 14 refers to method steps to be implemented by the
communication unit(s), even though claims 10, 12, 13, 14 refer to a machine-
readable storage medium having computer executable instructions to 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 6 PCT.

7 Claims 34, 36, 37, 38, 39 refers to apparatus features of the communication
unit(s). even though claims 34, 36, 37, 38, 39 refer to the server apparatus.
The intended limitations for claims 34, 36, 37, 38, 39 are therefore not clear,
contrary to the requirements of Article 8 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 other only with regard to the definition of the subject-matter
for which protection is sought and/or in respect of the terminology used for the
fealures 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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Possible steps after receipt of the international search report (1 SR) and
written opinion of the International Searching Authority (WQ-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
preliminary
examination

Filing informal
commaeants

End of the
international
phase

Relevant PCT
Rules and more
information

For all international applications filed on or after 01/01/2004 the competent
ISA will establish an ISR It is accompanied by the WO-ISA  Unlike the
former written opinion of the |PEA (Rule 86.2 PCT), the WO-ISA 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 months after the date of mailing of the 1SR and the WO-1SA the
applicant may file amended claims under Art, 19 PCT directly with the
International Bureau of WIPO. 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 Notes to form PCT/1SA/220.

In principle, the WO-1SA will be considered as the written opinion of the
IPEA. This should, in many cases, make it unnecessary 1o file a demand for
international preliminary examination. If the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/ WO-1SA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the |PEA as before, normally at the same time as
filing the demand (Rule 68.1 (b) PCT).

If a demand for international preliminary examination is filed and no
comments/amendments have been received the WO-1SA will be transformed
by the IPEA into an IPRP (International Preliminary Report on Patentability)
which would merely reflect the content of the WO-ISA. The demand can still
be withdrawn (Art. 37 PCT).

After receipt of the ISR/WO-ISA the applicant may file informal comments
on the WO-1SA directly with the International Bureau of WIPO. These
will be communicated to the designated Offices together with the IPRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box,

At the end of the international phase the International Bureau of WIPO will
transform the WO-ISA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The IPRP replaces the former
IPER (international preliminary examination report).

Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newslstter
12/2003, CJ 11/2003, OJ 12/2003
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(54} METHOD FOR LINK ADAPTATION AND APPARATUS THEREOF

(57) A meathod for link adaptation includes: classify-
ingaradiochannel; setting asatof link adaptation modes:
and selecting a corresponding link adaptation mode ac-
cording to a radio channel type. An apparatus for link
adaptation includes: a classification module for perform-
ing a classification on & radio channel, a setting module
for setting a set of link adaptation modes; and a mode

selection module for selecting a cormesponding link ad-
aptation mode from the setting module according to a
radio channel type of the classification. The present in-
vention accordingly selects effective link adaptstion
medes in accordance with different types of radic chan-
nels, and is able to ensure to implement the maximum
system throughput in diferent fading channels and main-
tain the stable and reliable link quality.
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Description
Technical Fiald

[001] The present invention relatas to wireless com-
munication systems, and more particulary, to a link ad-
aptation technigue.

Background of the Related Ar

[0002] In wireless communization systems, sincea the
radic channel is comglex and there i no flixed rulas to
follow, in order to implament the maximum throughput of
the wireless communication systems, wireless eommu-
nication systems are expectad to be eble to automatically
adjust the transmission rate according to the channel
candition change, namely the link adaptation technique.
The convantional mathad for link 2daptation is taking the
latest channel quality measurement result as a basis of
salecting tha futura link rate.

Summary of the Invention

[0003] Inthe prior ar, the conventional method for link
adaptation ke taking the |atest channel quality maasure-
ment results as a basis of selecting the future link rate,
and this method has the following problems:

the channel quality measurement resulls ahlways
centaln measurement errars and random [nterfar-
ence affects, namely the measurament results can

not accurately reflect the actual channel conditions;

radio channel conditions randomiy change with the
change of the time, and that is to say that the past
measurament results cannot complataly reflect the
future channel conditions.

[0004] Inview ofthis, the technical problem to be sclve
in tha prezant invantion i to provida & mathod and an
apparatus for link adaptation, which are able to ensure
the maximum throughput of the system implemented in
ditfarent fading ehannels and maintain the stable and re-
lisble Enk guality.

[0005] To solve the above technical problem, one as-
pect of the present inventicn is to provide a mathod for
link adaptation, and the method comprises:

classifying a radio channel;
setting a fink adaptation mode set; and

selecling a corresponding link adaptation mode ac-
cording to a radic channel type.

[0008] In the step of classifying the radio channel, the
radio channel s classiied based on a time-varant char-
acteristic of the radio channel.

25

[0007] Inthe step of classifying the radio channal, the
radio channal iz classified inta:

a flat channel, a slow fading channel ard a fast fading
channel; or

the slow fading channel and the fast fading charnel,
ar

the slow fading channel, the fast fading channel and
a mutant channel.

[0008] The link adaptation mode set includes: an in-
stantaneous value prediction mode, a historical value
prediction mode, a statistical quantile prediction mode
and a mutation processing mode,

[0009] The step of selecting the corresponding link ad-
aptation mode according to the ratio channel type com-
prizes: determining a current radio channel type by an-
alyzing historical measurament information of the radio
channel, and selecting the corresponding link adaptstion
mode from Lthe link adaplation mode sel according to the
current radio channel type,

[0010] After the step of selecting the corresponding
link adantation mode according tathe radio cnanrel byoe,
the method also comprises: obtaining channal prediction
information &t a to-be scheduling time according to the
radiochannel type and the corresponding link adaptstion
mode, and obtaining a link rate matching with the channel
pradiction Infammatian attha to-be scheduling time.
[0011] Ancther aspoct of the present invention also
provices an apparatus for link adaptation, which com-
prises:

a classification madule, which ig configurad to cles-
sify a radio channal;

a setting module, which is configured to set a link
adaptation mode set; and

a mode selection madule, which is configured to se-
lect & corresponding link adaptation mode from the
sefting module according to a radia channel type in
the classification.

[0012] The classification moedule is configured to per-

fomm the classification on the radio channel based on a
time-variant characteristic of the radio channel,

[0013] The classification module is configured 1o clas-
sify the radio channels into:

a fiat channel, a slow tading chennel and a fast fading

channel, or

the slow fading channel and the fast fading charnal,
or

the slow fading channel, the fast fading channel and
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a mutant channal.

[0014] The link adaptation mode set includes: an in-
stantaneous value prediction mode, a historical value
prediction mode, a statislical quantile prediction mode
and a mutation procassing moda.

[0015] The mode selection madule is configured o se-
laect tha coraspanding ink adaptation mode acearding
to the radio channel type in a following way:

adaptation in accordance with tha prasant invantion.
Preferred Embadiments of the Presant Irventicn

[00719] The specific embodiments of the prasentinven-
tien will be lllustrated in detail with referance to drawings
and examples.

[0020] Tha basieidea of the method for link adaptetion
in aceardarce with the present invention is shawn in FIG.

¢ 1, which comprises:
determining a current ragio channel type by analyz-
ing histerical measurernent infermation of the radio step 101, the radio channels are classified;
channel, and selecting the corresponding link adap-
tation roda from the link adaptation made set ac- step 102, a link adaptation mode set is set;
cording to the current radie channel type. 15
step 103, a corresponding link adaptation mode Is
[0018] The apparatus also comprises: selected according to the redio channel type.
a channel leaming module, which Is configured to Example 1
analyze and process the historical measurement in- - A0
tormation of the radio channel to obtaln a the current [0021] AsshowninFIG. 2, this example comprises the
radio channel lype; and Tollowing steps of:
a link rate determination module, which is configured step 201, the radio channels are classified, and the
to: abtain the channel prediction information ata to- 25 corresponding link adaptation mada sat is set,
be scheduling time accoraing o the radio channel
type and the comesponding link adaptation mode, [0022] Specifically, in this example, the radio chennels
and select a link rate matching with the channel pre- are classified into three types acconding to the fime-var-
diction information at the te-be scheduling time. iant characterstics of the radio channels, and as shown
3 InFIG, 3, the three types of radio channels are: flat chan-
[0017] With the technique in the present invention, an nals, slow fading channcls and fast fading channcls;
effective link adaptation processing mode can be select- then further a corresponding link adaptation mode sst is
ed specifically according to different radio channel types, set according to the channel fading types:
which is able to ensure to implemant the maximum sys- the comezsponcging link adaptation mode set includes: an
tam throughput in different fading channals and to main- 35 instantansous value prediction mode, a histerical value
tain a stabls and reliable link quality. pradiction mode and statistical guantile prediction mode,
wherein:
Brief Description of Drawings
the instantanecus value prediction mode refers to
[0018] The drawings described harain is uged to pro- 40 taka tha latast channal maasuremant rasult as a ba-
vide a better understanding of the present invention and sistoselectalink rate atthe channelscheduling time,
forms a part of this application, the llustrative examgples
of the present invention and their descriptions are used [0023] The historical value prediction mode refers to
to explain the present invention rather than forming the use the curve fitling method to predict the channel con-
Improper restriction onthe present invention. Inthe draw- 45 ditlons at the to-be scheduling time according to the his-
ings: torical channel measurement results for use by selecting
the link rete.
FiG. 1 1s aflow chart of the method for link adaptation [0024] The statistical quantile prediction mode refers
in accordance with the present invention; o take a certain guantile of the cumulative distribution
& function of the historical measurement results as the ba-
FIG. 2is aflow chart of the method for link edaptation sis to selzct the link rate at the to-be scheduling time. For
in accordance with the example 1 of the present in- example;
vention;
(1) fla: channels: in the ingtentanecus value predic-
FIG. 2 is a schamatic diagram of the classification 55 tion mada, and pradictable, that is, the prediction er-
of the radio channels; roris in the acceptable range;
SUDpOSE:
FIG. 4 is a block diagram of the apparatus for link
3
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tha channel measuramant result at the time tis
dencted as SINR(L), the current time is denoted
as 1, the to-be schaduling time k& t+n, whera
n ig the sum of the system processing delay and
the air interface transmission delay; the latest
measurement rasult sbtained at the currant time
is SINR(tx), and tx=t0, thersfore: the instanta-
necus valua prediction rasult SINF_astimate
(t4n) Is SINA_estimate[i0+n)=SINR{tx), the
estimaticn error at the time 1 is denoted as Err
(£}, then: Errt) = ISINR_estimate(t)-SINR(t)|
The predictable (estimable) probability is ex-
prassed as:

the probability function P{Erm{t}<Errer_thrahald|
t = tO0-we t0-wa2,. . 100 =P, 0=P1=1, w20,
wheare Error_threshold s the estimation arror
thresheold, when Ermr(tj=Error_threhold, it indi-
cates that the astimation 2t the tme t is comract,
othernwise, it indicates that the estimaticn is
wrong, and the smaller the Erer_threshaold is,
the higherthe estimation precision is, otherwise,
the estimealion precision i lower; P1 denoles the
probability thresheld cf the comect estimation,
and that is, the probability of correct estimation
Is P1. Whean the probzbility of carrect astimation
is larger than the thrashala P1, it indicates that
the channel is estimable in this prediction mode
{or predictable). Where, w indicates the statisti-
cal time window langth, and the smaller the w
Is, the lower the swirching betwaen the channel
madas is, the more accurta tha statistical result
Is, the faster the switching between the devel-
opment modes i& and the lower the Judgment
precision is.

(2) Slow fading channals: in the historcal value pre-
diction mode, and predictable, that |2, the prediction
error is in the acceptable range.

The cancept of predictability is as the above descrip-
fien and is not rapaated harain;

the historical value prediction mode refers to: use
the historical channel measuremnent results SINR{tD-
w'+1], SINR{t0-w' +2).--, SINR (10}, use the selected
basis function f(t) to perormthe curve fitting on SINR
(t), t = W-w, + 1, Q-w, +2, -, 0 to obtaln the mathe-
matical expression of fit), zo that f {t) = SINR (1), t=
t0-w' +1, tO-w' +2,....t0, The historical value predic-
tion result SINR_estimata (t)=1(t). Whare w' denotes
the number of historical measurement results; fit)
can be any basls functiong such as the trigonomaetric
function, the power function, the legarithmic function
as well as the polynomial function &nd so on.

(3) Fast Fading Channels: other cases, thet is, un-
predictable;

those are unpredictable by the above two methods
are determined as the fast fading channels, and the
cormespanding link adaptation mode is the statistical

25

quantila prediction mode;
the statstical quantile prediction mode is the mode
applying the probability distrioution funetion:

Pix) = P[SINR{t)<x | | =t= t0-w"+1, 10w +2,...,
td), the quantile at the paint of algha of the P(x)
i taken as the statistical quantile prediction re-
sult SINR_astimata(t), that iz, SINR_actimatalt)
= P-l{alpha) , and P-1{x) s the inverse function
of P{x); O=alpha<1, the larger the alpha is, the
highear the rate is, and the worss the relizbility
is, otherwise, the lower the rate is, and the better
the reliability is;

&tep 202, the fading type of the radie channel is
cbtained accerding to the analysis of the histor
leal measuremeant information of the radio chan-
nel, andthat iz, the fading type of the radio chan-
rel is abtained via the channel learring.

[0025] Step 202 comprises:

202.1, the histarical measurement resulls zre de-
neisad, and & genaral de-noising way can be used,
fer example the fitering way or the slhding window
AVEFAGE WaY!

202.2 N historical measurement results are ob-
served, and if the channel is predictable in the in-
stantaneous value prediction mode, the channel is
a flat channel; if the channel Iz pradicteble In the
historical value prediction mode, the channal is a
slow fading channel; otherwise the channel (s a fast
fading channel.

[0026] Step 203, a link adaptation mode s selected
from the link adaptation moede sat according 1o the lading
type cf the radio channel obtained in step 202;

if the channel i= a flat channel, the instantaneous value
prediction mode is selected, if the channel is a slow fading
ehannal, tha histareal valua pradiction moda (s salactad,
and if the channel is a fast fading channel, the statistical
quantile prediction mode is selected,

[0027] Step 204, the channel condition prediction in-
formation at the to-be scheduling time point is cbtained
according to the radie channel type and link adaptstion
mode;

the channel condition prediction infermation might in-
clude the Signal Interferance Noise Radio (SINR), and
the Blocck Error Rate (BLER), and so on;

itis assumed that the latest histetical measurementvalue
is SINR(t), and measurement value at the to-be sched-
wling time is SINA-estimate(tx);

the channel condition prediction information comespond-
irg to the channel classification results is as follows:

in flal channels: SINR estimate(t) = SINR(t);

in slow fading channels: SINA estimate(tx) = f(tx);
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in fast fading chanrels: SINR_astmate(t)=P ().

step 205, the matching link rate iz ootained accarding
to the channel condition prediction information ob-
tgined in step 204;

itis assumed that the channel SINR prediction result
ig SINR1 and the servica ELER requiremant is
BLER1; the maximum rate that can be reached by
the link in the conditions of SINR=SINR1 and
BELR=BLER1 is the Modulation Code Scheme 1
(MCS1), therelore, the cutput result in this step is
MCS1.

[o0z2E]
plete.

Step 206, the link adagtation process 15 com-

Example 2

[0028] In addition, the present nwention can further
classify the radic channels Into two types according to
the time-variant characleristics of the redio channels,
namely: slow fading channels and fest fading channels.
The processing method is as the example 1 and iz not
repeated harain.

Example 3

[0030] In eddition, the present nvention can further
classify the radio channels inte: fast fading channels,
slow fading channels and mutant channals according to
the time-variant characteristice of the radioc channels.
[0031] Wherein, the method for processing the fast
fading chennels and the slow fading channels is as the
example 1 and Is not repeated harein,

[0032] Foramutant channel, the channel is suddanly
good or bad, the corresponding link adaptation mode is
the mutation processing mode.

[0033] Forthe mutant channel, the mutant processing
moda ig appliad, and tha mutation processing moda ra-
fers to. clear the historical information, use the initial de-
fault channel prediction way which might use any one of
the historical value pradiction mode or the instantaneous
value prediction mode, and the specific selection is de-
termined according to the data relleblity requirements.

Example 4

[0034] Based on the same inventive concept, the ex-
ample of the present invention also provides an appara-
tusfor ink adaptation, since the principle of the apparatus
for solving the problem is similar to the method for link
adaptation, the implementation of the apparatus can refer
te the implementation of the method, and the overlaps
are not repeated herain.

[0035] FIG. 4 shows a schematic diagram of the struc-
ture of the apparatus for link adaptaticn in accordance
of the present invention, and as shown in FIG, 4, the

25

apparatus comprizes a classification module, a satting
module and a mode selection module, wherein

the classification module 401 is configured to perfomm a
classification on the radio channels;

the setting module 402 is configured to sel a link edap-
taticn mode sat;

the mede selection module 403 is configured o select
tha corraeponging link adaptation mada from the eatting
module aseording te the radio channel type in the clas-
sification.

[0036] Freferably,the apparatusforthe link adaptstion
in the present inventicn also comprises a channel learn-
ingmaodule and a link rate determination module, wherein
thechanne! learning medule is configured to analyze and
process the historcal measurement Information of the
radie channals to obtain the current radio channel type:
the link rate determination module is configured to obtain
thechannel pradiction infarmation at the to-be scheduling
time acccrding to the radio channel type and the corre-
sponging link adaptation mode, and to salect tha match-
ing link rate.

[0037] I can be understood by those skilled in the arl
that some or all steps in the above mentionad method
can be fulfillzd by instructing the relevant hardware with
a program, and sald program i stored In 8 computer
readasle storage medium such as the read only memaory,
the magnetic disk or the optical disk. Optionally, some or
all steps in the above mentionad examples can ba im-
plemented with one ar more integrated circuits. Corre-
sponaingly, each modula/unit in the above menticned
examples can be implemented in the form of hardwarns
or in the formn of software function module, or their com-
binations.

[0038] The principle of the present invention is illus-
trated in detail in the sbove descrption, however, the
dascriptian 15 only a plurality of axamples ilustrated for
understanding the present invention rather than the re-
striction of the protection scope of the present inventicn.
Fer those skilled in the art, various corresponding mod-
ifications and trangformations can ba mada accorsing to
the present invention without departing from the spirit
and essence of the present invention, and such modifi-
cation or transformations should fall into the protection
scope of the appended claims of the present invention.

Industrial Applicability

[0033] With the technique in the presant invention, an
effective ink adaplation processing mode can be select-
ed spedfizally according to different radio channel types,
which is able to ensure the maximum system throughgut
in ditterent tading channels and to maintain & stable and
reliable link quality.

Claims

1. A methed for link adaptation, wherein, the method
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comprising:

classifying a radio channel;

setting a link adaptaticn mode set; and
selecting a comesponding link adaptation mode
according to a radla channel type.

Tha methad of claim 1, wharain, in tha step of clas-
sifying the radio channel, the radiz channel is clas-
sified based on a time-variant characteristic of the
radio channel.

The method of claim 2, wherein, in the step of clas-
sitying the radie channel, the radiz channel is clas-
sified into:

a flat channel, a slow fading channel and a fast
tading channal; or

the slow fading channel andthe fastfading chan-
nel; or

the slow fading channel, the fast fading channel
and a multant channel,

The method of claim 1, wherein the link adaptation
made st Includas: an instantanacus value predic-
ticn mode, a historical value prediction mode, a sta-
tistical quantile prediction mode and & mutation
precessing mode.

Tha meathod of claim 4, wharein the step of salacting
the comresponding link adaptation mode according
to the ratio channel type comgrises:

determining & current radio channel type by an-
alyzing historical measurameant information of
the radio channel, and salecting the correspond-
img link adaptation mode fromthe link adaptation
mode set according to the current radio channel
type.

The method of claim 5, afterthe step of selecting the
corresponding link adaptation mode according to the
radio channel type, the mathod also comprising:

obtalning channel prediction Information ata to-
be scheduling time according to the radio chan-
nel type and the corresponding link adaptation
maode, and obtaining a link rate matching with
the channel prediction information at the to-be
scheduling tirme,

An apparatus for link adeptation, comprising:

a classification module, which is configured to
perform a classification on a radio channel;

a sefting module, which iz configured to set a
link adaptation mode set; and

a mode selection module, which is configured

W
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10,

11.

12.

ta salect a correspanding link adaptation maode
from the sefting module according to a radic
channel type in the classification.

The apparatus of claim 7, wherein the classificetion
madule ks configured to perform tha classification on
the radio channel based on a time-vanant charac-
terictie of the radic channal.,

The apparatus of claim 8, wherein the classification
module is configured to classify the radie channel
into:

a flat channel, a slow fading channel and a fast
fading channel; or

the slow fading channel and the fast fading chan-
nel; ar

tre slow fading channel, the fast fading channel
and a mutant channel.

The apparatus of claim 7, wherein the link adaptation
mode sel includes: an instantanecus velue predic-
tion mode, a historical value prediction mode, a sta-
tistical quantile prediction mode and a mutation
processing moda,

The apparatus of claim 10, wherein the mode selec-
tion medule is configured to select the corresponding
link adagtation mode according to the radio channel
typa In a following way:

determining a current radio channel type by an-
alyzing historical measurement Information of
the radio channel, and selecting the comespond-
ing link adaptation mode fram the link adaptation
mode sat according to the current radio channal

type.

The asparatus of claim 7, the apparatus also com-
priging:

& channel learning module, which is configured
to analyze and process historical measurement
infommation of the radio channel to ottein & cur-
rent radle channel type; and

& link rate detarmination module, which is con-
figured to: obtain the channel prediction infor-
mation at a to-be scheduling time according to
tre radio channel type and the corresponding
link adaptation mode, and select a link rate
matching with the channel prediction infomma-
tion at the to-be scheduling time,
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METHOD AND AFPARATUS FOR GENERATING CHANNEL QUALITY INFORMATION FOR
WIRELESS COMMUNICATION

BACKGROUND

The present invention generally relales to generating wireless communications, and
particularly relates to generating channel guality information.

Channel gquality 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
effeclive signal qualily represents the benefits of any interference cancellation gains, diversity
combining gains, coding gains, etc., that may be provided by the receiver. In other words, the
output signal qualily 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.

Those skilled in the wireless communications art will appreciate the value of generating
channel guality informalion based on the oulput signal quality rather than the inpul signal
quality, because the output signal quality belter represents the actual signal quality bearing on
the quality of demodulation and decoding performance. That is, assuming that the channel
quality information is used for link adaptalion, e.qg., 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,

Accuralely determining output signal guality as part of ongoing receiver operations is
not, however, a straightforward proposition for some types of receivers. In particular, non-linear
receivers generally have a complex relationship between input signal quality and output signal
guality. Examples of non-linear receivers include multi-stage receivers employing successive
interferance cancellalion, and joint-deleclion receivers.,

Further, even assuming the calculability of output signal qualily, such calculations may
be inaccurate under some circumstances. For example, the performance achievable by a given
receiver depends on a number of variables, including propagation channel condilions. Some
channel conditions translate into belter receiver performance than others. Thus, even for the
same receiver inpul signal, the receiver oulput signal quality will vary as a function of changing
channel conditions. If channe! conditions are changing rapidly, or the input signal is loo weak o
make reliable channel estimates, reporting outpul signal quality, or some melric relating to
output signal quality, may lead to control errors.

For example, a supporting base station may perform transmit link adaptation responsive
to receiving channel quality information from a wireless communicaltion device, that identifies
the quality of the channel in terms of some metric. such as a channel guality indicator, a rate
selection indicator, or the like. Thus, the base station can adjust the transmit data rate, for

axample, in accordance with the channel quality indicators reported by the device. This control
1
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mechanism works well if the aclual channel conditions change slowly in comparison to the link
adaplation control lag. However, performing link adaptation in consideration of actual
propagation channel conditions becomes unreliable if those condilions 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 2 wireless
communication device, depending on, for example, the reliability of propagation channel
estimates for the wireless communication device. For example, in one embodiment, channel
quality information is determined in a firstl mode by mapping receiver input signal quality to a
data rale that can be supporied al a desired probability over a range of propagation channel
realizations. A supported data rate may be defined as an allowable dala rate thal can be
achieved with a desired performance requirement, e.g., Block Error Rale (BLER). Further, in the
second mode, the channel quality information is determined by mapping receiver input signal
quality to a data rate that can be supporled 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 obtained by the wireless communication device.

Thus, the first mode provides for generating channel qualily information as a function of
long-term propagation channel conditions when short-term propagation channel estimates are
not reliable, such as where the time lag associated with transmit link adaptation is large
compared to the coherent lime of propagation channel fading. Conversely, the second mode
provides for generating channel guality information as a function of short-term propagation
channel conditions when short-term propagalion channel estimates are reliable. Modal
operation can be driven by determining whether the channel eslimates being generated by the
wireless communication device are reliable. Reliability may be delermined by evaluating the
mobility—e.q., rate of movement, Doppler frequency, eic.—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 a transmit propagalion channel associated with a wireless communication device
comprises in a first mode, generating channel quality information according to a first algorithm
that does nol depend on channel estimates, and in a second mode, generating channel quality
information according to a second algorithm that depends on channel estimates. Receiver
performance data characlerizing receiver performance for a type of receiver associaled with the
wireless communication device may be used to generate the channel qualily feedback in the
first and second modes, and such generation may be performed by the wirgless communication
device itself, or by a base slation in a supporling wirgless communication network,
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For example, a wireless communication device or a base station may comprise one or
more processing circuits configured to determine channel quality information for one or more
signals received by the wireless communication device, based on, in a first mode, generating
channel quality information according to a first algorithm thal does not depend on channel
estimates, and in a second mode, generating channe! quality information according to a second
algorithm thal depends on channel estimates. The processing circuil(s) are, in one or more
embaodiments, configured to operalte selectively in the first or second mode based on whether
the channel estimates are reliable.

Complementing the above method of channel quality information generation, one
embodiment of a receiver performance charactarization method comprises, at each of a number
of receiver input signal qualities, computing an error rate expected for each of a number of
propagation channel realizations, and, for each of the error rates computed, computing a data
rate that can be supported 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 supported data rates corresponding to the propagation channel realizations. Such
performance characterization data may be storad by the wireless communication device, or by
the supporting wireless communication network. Generally, the performance characterization
data is specific for a receiver type, and different data can be slored for different receiver types.
For example, a parlicular type of Generalized RAKE (G-RAKE) or other Minimum Mean
Squared Error {MMSE) receiver would have different characterization data than would a
particular type of Joint Deleclion (JD) receiver, Similarly, different performance characterizalion
data can be stored for different transmit/reception modes (MIS0O, MIMO, etc.), even for the
same receiver type.

A corresponding method of providing rate adaptation feedback from a wireless
communication device to a supporting wireless communication network operates in a first mode
by selecting a supported dala rate using the receiver performance dala according to a receiver
input signal quality corresponding to measurements obtained by the wireless communication
device, and a desired probability of achieving the selected data rate for a range of propagation
channel realizations. In the second mode, the channel guality information is generated using the
receiver performance data by selecling a supported dala rate according lo receiver input signal
quality and a particular propagation channel realization, or a constrained range of the
propagation channel realizations, corresponding 1o channel estimates obtained by the wireless
communication device.

Of course, the present invention is not 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.

Charter Communications, Inc.
Exhibit 1008
Page #1935



10

15

20

25

30

35

WO 2007136337 PCT/SE200TAS0216

ERIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a base stalion and a wireless communication device, such
as a mobile station, wherein channel qualily infermation is generated according tc cne or more
method embodiments taught herein.

Fig. 2 is a logic flow diagram for one embodiment of processing logic for modal
generalion of channel quality information.

Fig. 3 is a logic flow diagram for one embodiment of selecling operating modes in the
context of Fig. 2.

Fig. 4 is a logic flow diagram for another embaodiment of selecting operating modes in
the context of Fig. 2.

Fig. 5 is a logic flow diagram for one embodiment of a receiver performance
characterization method.

Figs. 6 and 7 are graphs depicting receiver performance characterizations oblained by
the receiver performance characterizalion method of Fig. 5, for different lypes of wireless
communication device receivers.

Fig. & is a logic flow diagram for cne embodiment of modally generating channel quality
information using receiver perfformance data.

Fig. 9 is a block diagram for one embodiment of a wireless communication device that is
configured to generate channel quality information.

Figs. 10 and 11 are block diagrams of embodiments of processing circuils 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 channe! quality measurements for the
wireless communication device.

DETAILED DESCRIPTION

Fig. 1 illustrates a base stalion 10 and a wireless communication device 12, wherein the
channel quality information generated for the downlink between the base station 10 and the
wireless communication device 12 Is, in a first mode of operation, not dependent on current
propagation 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 at a high rate relative to the base station 10, or is
otherwise experiencing fast fading conditions, or when the received signal strength is too low for
reliable channel estimation.

Before describing various embodiments of the above method of generating channel
quality information, it should be understood that the processing logic associated with generating

the channel quality information can be performed wholly in the wireless communication
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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 implemented 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 they limited 1o any particular wireless communications
standards or protocols.

For example, in one or more embodiments, the wireless communication device 12
comprises a cellular radiolelephone or other type of mobile station, configured for operation with
a supporting wireless communication network that includes the base station 10. In such
embodiments, the base station 10 may comprise a Wideband CDMA (WCDMA) base station
configured to provide High Speed Downlink Packet Access (HSDPA) services.

Correspondingly, the wireless communication device 12 may comprise a WCDMA-based
access terminal configurad to provide channel quality information, or related feedback, to the
base station 10, in support of adapting downlink transmit data rates to changing reception
conditions at the wireless communication device 12. In general, however, the wireless
communication device 12 may comprise a mobile station or other type of handset, a pager, a
Portable Digital Assistant (PDA), a palmtop 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 embodiment of a
method of generating channel quality information, wherein it should be understood that at least
some of the illustrated processing steps may be performed in other than the illustrated order,
Further, although illustrated as serial processing, actual implementation of the method may
involve concurrent, parallel processing, as part of ongoing communication operations. Also, it
should be undersicod that the illustrated processing may be implemented in the base
station 10, the wireless communication device 12, or in some combination thereof.

Processing "begins” with a determinalion of whether to operate in a first mode of
generating channel quality information (Step 100). If the first mode is selected, processing
continues with generaling channel quality information according to a first algorithm that does not
depend on channel estimates (Step 102). Conversely, if the first mode is not selectad, i.e., the
second mode of operation is selected, processing continues with generating channel quality
information according to a second algorithm that depends on channel estimates (Step 104),

In al least one embodiment taught herein, the first mode of generating channel quality
information is used during fast fading condilions, or whenever conditions are such that the
short-term channel astimates obtained by the wireless communication device 12 are
“unreliable.” The second mode of generating channel quality information is used during slow
fading conditions, or, more generaily, whenever the channel estimates are reliable. In other
words, channel quality information is generated as a function of long-term propagation channel

characterislics when short-term estimates of the channel are not reliable. Conversely, channel
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quality information is generaled as a function of the short-term propagation channel
characleristics when the channel estimales are reliable.

It should be understood that various methods of assessing channel estimation reliability
are contemplated herein, and it should be understood that conditions deemed to give rise to
unreliable channel estimations in one application may not be considered as such in another
application. For example, the reliability of a short-term channel estimate may be viewed in terms
of fading speed versus link adaptation contrel lag. That is, channel eslimales may be deemed
more or less reliable in dependence on how guickly channel conditions change relalive to the
transmit link adaptations being made. In some embodiments, the link adaptation lag—i.e., the
time between a reported channel quality metric and the corresponding transmit link
adjustment—may be used to influence whether, or to what extent, short-term propagation
channel conditions are considered in generaling channel quality information.

Wilh 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 evalualion 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 and/or uplink channels between lhe base station 10 and the
wireless communication device 12, Of course, other indicators bearing on the reliability of short-
term-channel estimates may be used. For example, certain service areas may make channe|
estimates inherently suspect, such as radio sectors in downlown or urban areas.

If fast fading conditions apply (Step 108), channel guality generation operales in the first
mode, wherein channel quality information is generated in a manner that is not dependent on
channel estimates (Step 110). Conversely, if fast fading condilions do nol apply, channel quality
information is generaled in a manner that is dependent on channel estimales (Step 112).

Fig. 4 illustrates anoiher embodiment of processing logic for determining whether to
operate in the first or second modes of Fig. 2. Modal selection processing “begins” with
evaluating the network usage or locad conditions (Step 114). In a lightly loaded wireless network,
the reliability of the channel estimates and the derived channel qualily information can be
compromised even if the propagation channel fading conditions 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
actual transmission of the data can be rather different than whal was measured prior lo the
transmission.

Thus, if the netweork is lightly loaded (Slep 116), it can be advantageous lo select the first
mode of determining channel quality information (Step 118). Conversely, if the network is more

heavily loaded, or the loading is otherwise more stable, channel quality information can be
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determined according lo the second mode of operation (Step 119). The selection of which
operating mode 1o use for channel quality information determination can be evaluated and/or
applied to individual wireless communication devices 12, or can be applied o sels 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 communication devices 12, while the second
mode may be used for others. The delermination of which mode 1o use may be set according to
the service needs of individual wireless communication devices 12, for example.

Mote thal this modal selection can be implemented in ways that are non-transparent or
ransparent to the wireless communication devices 12, In one embodiment, a base station 10 in
the wireless communication network can instruct one or more devices in a plurality of wireless
communication devices 12 lo feed back information that is compatible with the preferred
operating mode. Allernatively, based on the network load conditions, the base station 10 can
receive informalion supporting the second mode of operation, bul 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 circumstances, the radio resource cost required to support operation in the
second mode is higher than that for operation in the first mode. For instance. to support
operalion in the second mode, feedback generally has to been sent by lhe wireless
communication devices 12 more frequenlly than is required for operation in the first mode, to
reflect changing propagalion channel conditions. The amount of feedback also could be larger
to describe the propagaltion channel conditions in sufficient detail for operation in the second
mode. The strain on the feedback channel is further exacerbated by the fact that a pluralily of
wireless communication devices 12 simultaneously transmits feedback information to the
network. Thus, the first mode of operation may be preferred even when operation in the second
maode is viable, simply based on propagation channe! condition considerations.

In one or more embodiments, channel quality information determination considers the
potentially higher radio resource costs on the feedback channel associated with operation in the
second mode. More particularly, the second mode of operation can be reserved for
contractually 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 qualily information can be determined according to operation 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 with stringent delay or
jitter requirements such as packet voice services, the quality of service can be more easily
maintained if channel qualily information is determined according to operation in the second
mode,

Deciding whether to determine channel quality informalion according to the first or

second modes of operation also may be adapted to transmission schemes that consist of
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separable components. Mon-limiting examples of these types of transmission schemes include
multi-carrier COMA and orthogonal frequency division multiplexing (OFDM) transmission. To
support operation in the second mode, the amount of feedback can scala directly with the
number of separable components, e.g., four feedback values for four-carrier COMA or eighty
values for OFDM with eighty frequency resource units. For large packets or data units that
would occupy enlire or large porlions of the components, the relative benefits of operating in the
second mode instead of the first mode can be significantly smaller than for small packets or
data units that would occupy small portions of the components. To conserve radio resources, il
is therefore advantageous to include packet or data unit lengths as a faclor in operating mode
selection.

Such operation is, in one or more embodiments, supported by the use of receiver
perfermance data that characterizes the performance of the wireless communication device's
receiver type over a range of propagation channel conditions, such that the performance data
indicales the expected performance of the receiver over a range of propagation channel
conditions, and for particularized propagation channel conditions. Determining channel
propagation conditions for channel quality information determination—e.q., for supportable rate
computalion—may be required for operation in the first and/or second modes of operation. For
the first operating moede, long-term channel propagation condilions are determined and, in one
or more embodiments, the propagation channel conditions include one 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.
NACK rate, ...); and an estimate of the power delay profile (PDP) of the propagation channel
associated with the wireless communication device 12, assuming that the PDP does not change
quickly over time.

In one or more embodiments, the estimation of long-term propagation channel
conditions is used for any one or more of the following processing actions: construction of a
CDF of the achievable (supportable) data rates; selection of an achievable data rate curve CDF
from a table of CDF curves that most closely matches the estimated long-term propagation
channel conditions. Thus, it should be understood that in one or more embodiments, CDF
curves may be predefined. In such embodiments, the received signal quality and/or 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.q., to identify an
achievable data 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 COF curves, which
can then be used to identify achievable data rates, for example, as a function of measured
signal quality at the wireless communication device 12.
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In more detail, for purposes of CDF 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 delermine the propagation channel realization for the given PDP. At least one
embodiment estimales propagalion channel coefficients based on pilot or other measurements,
to support characterization of long-term propagation channel conditions. Il should be
understood that traditional technigues for propagation channel estimation may be used as
needed or desired. Note that the estimation of channel coefficients represents a longer-term
estimate, rather than the short-term (instantaneous) estimates that are generally used in the
second mode of operation.

In any case, it should be understood that, however they are constructed, the CDF curves
characterize the (expected) performance of a particular receiver type, or types. Fig. 5 illustrates
one method of characterizing receiver performance based on CDF curves, bul it should be
understood that other methodology may be used to characterize receiver performance for long-
term and short-term propagation channel conditions.

In more detail, Fig. 5 illustrates an embodiment of a receiver performance
characterization methed that may be performed using empirical lesting, software simulation,
dynamic measuremenis, or any combination thereof. Because different receiver types offer
different levels of performance, such characterization 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
stored in the wireless communication device 12. If the channel qualily information is generated
in the base station 10, the base station 10 may store characterization data for different types 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 2 number of modulation and
coding schemes, and for each one in a number of propagation channel realizations (Step 120).
Error rate may be expressed, for example, as Bit Error Rate (BER), Block Error Rate (BLER),
Frame Error Rate (FER), etc., and the particular manner in which error rale is expressed may
be based on the type of data transmissions involved.

As used herein, unless oltherwise noted, the term “receiver input signal gquality” denotes
the ratio of total received signal energy per chip, Er , over the noise plus interference, M, .
Measurements of receiver inpul signal quality represent the “raw” inpul signal quality for the
receiver embodied within the wireless communication device 12, and does not depend on the
receiver's interference suppression and signal gain performance, and thus does not depend on
the accuracy of shorl-term propagation channel estimates. Moreover, receiver input signal
qualily measurements are lhe same for simple and complex receiver struclures, e.g., the same

whether the device's receiver is a simple linear 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 lap weights. For example, a plurality of three-tap
characlerizations 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 a fixed Power Delay Profile (PDP).
Alternatively, a given fast fading realization may be used for different PDPs, and different CDFs
may be used for the different PDPs.

In any case, each propagation channel realization may be undersiood as representing a
particular hypothesis of actual propagation channel conditions for the transmit link between the
base station 10 and the wireless communication device 12. For the same input signal quality,
the wireless communication device 12 will exhibit different output signal quality for different
channel realizations.

For each receiver input signal quality and each modulation and ceding scheme, receiver
performance characterization processing continues by, for each of the error rates computed,
computing the data rate (R) that can be achieved (supported) for each propagation channel
realization (Step 122). The achievable data rate, also referred to as the supported data rale,
represents the data rate (R) that can be used for transmitting to the wireless communication
device 12 while still meeting a defined performance requirement, e.g., a BLER target. For
example, if the computed error rate is less than the target BLER, i.e., BLER < BLER(target), the
data rate (Ra.:) corresponding the modulation and coding scheme can be the supported data
rate (R = Raes). otherwise the supported data rate can be zero (R = 0). If ARQ is used, then the
supported data rate (R) can be calculated as R = Rp.(1-BLER), where R... is the data rate
corresponding the modulation and coding scheme and BLER is the computed error rate. If
HARQ is used, then the supported data rate can be calculated as Rpy/(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 realizations (Step 124). Mote that the generation of COF curves can be a one-time
process, or can be wholly or parlially a dynamic process. For example, as was noted earlier,
ongoing estimation of one or more parameters bearing on the longer-term propagation channel
conditions for the wireless communication device 12, Again, such parameters can include, but
are nol limited lo, any one or mere of the PDP, eslimated channel coefficients, current data
service type and/or data characteristics such as packet size. mobility/rate-ol-travel estimates,
etc.

Fig. 6 graphically depicts receiver performance data generated according to the method
of Fig. 5 for a Minimum Mean Square Error (MMSE) receiver type. More particularly, Fig. 6
graphs receiver input signal quality (SNR) curves stepped from -22 dB to +12 dB in 2 dB
increments over defined data rate points, according to the CDFs of the supported data rates for

the hypothesized set of propagation channel realizations. The leflmost curve corresponds to
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input SNR of -22 dB, whereas the rightmost curve coresponds to input SNR of +12 dB. Fig. 7
depicts similar performance characterization data for a 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 malched to its particular receiver type. (Further,
because some lypes of receivers have different reception modes that yield different
performance characleristics, different receiver performance data can be used in each such
mode.)

In determining channel quality information using the performance curves of Fig. &, for
example, consider the case of higher rales of travel, where the channel fading conditions
become more temporally uncorrelated between the measurement time at which propagation
channel conditions are estimated, and the transmit time at which transmit link adaptations
based on those channel estimates are performed. If the channel condilions are changing more
rapidly than link adaptation control can keep up with, link adaptation—e.g., transmit data rate
seleclion—should be based on the statislical propagation characteristics determined by the path
gain and shadowing, rather than based on the channel estimates.

Given signal quality measured by the wireless communication device 12, the transmit
data rale can be selected from the corresponding signal quality curve in the receiver
performance data, according to a desired CDF level. For example, choosing the tenth percentile
for the appropriate SNR curve corresponds to the data rale achievable for ninety-percent of the
hypothesized propagalion channe! realizations. The particular value lo choose generally
depends on the particular performance requirements of the system, such as determined by a
defined performance requirement, like maximum tolerable BLER. In one or more embodiments,
the signal quality represents a long-term signal quality—average input SMNR—as measured by
the wireless communication device, or as averaged by the network. In other embodiments, such
as where channel estimates are reliable, the instantaneous or short-term receiver input signal
quality may be used.

In eilher case, the above approach effectively quantizes the rate values in the
performance characlerization graph to the rates represented by quantized input signal quality
measurements, which is sufficient for slow link adaptation in a rapidly varying channel. That is,
for fast fading condilions, the channel quality information may be generated as data rate
selections based on selecling an SNR curve fram the graph corresponding to long-term
measured signal quality at the wireless communication device 12, and then identifying the data
rate that is achievable at a desired probability for the defined performance requirement, e.g., for
a defined BLER limit. Efflectively, the method amounts to generating channel quality information
as a function of long-term propagation channel characteristics based on mapping a receiver
input signal qualily measurement to a data rate selection that is achievable at a desired
probability over a range of short-term propagation channel characteristics.

11
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As the channel becomes more reliable, for example, when vehicle speeds become
slower or actual input SNR 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 generaled, i.e., a mode where the short-term propagation channel
conditions prevailing at the wireless communication device 12 are explicitly considered. The
same performance characlerization data that was used for slow adaptation 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. That
is, channel quality metrics can be used to characterize the long-term properties of the channel,
which can then be characterized further for fast link adaptation when the channel becomes
more reliable.

One method for accomplishing the above operation is to quantize the channel slate
values for each input signal quality (SNR) and store the quantized values in a codebook. For
specific input SNR and channel estimales obtained al the wireless communication device 12,
the quantized values can be looked up in the codebook, and the corresponding data rate
selected for channel quality information reporting.

Fig. 8 illustrates one embodiment of hierarchical channel quality information generation,
wherein the channel qualily information is generated in terms of dala rate 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 evaluation of the propagation channel
conditions (Step 130). Evaluatlion may comprise evaluating short-term propagation channel
eslimates being generated by the wireless communication device 12 as a means of determining
whether the estimates are reliable, or may comprise checking Doppler shifts, etc.

If the channel estimales are not reliable (Step 132), a supported dala rate is selected
using receiver performance data, such as illustrated in Figs. 6 and 7. More particularly, if the
channel estimates are nol reliable, the measured receiver inpul signal quality can be mapped to
one of the quantized SNR curves, and a corresponding supported data rate can be identified
according to the desired probability of achieving that rate over the range of propagation channel
realizations used to 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 rale at the desired error rate performance.

As such, if the channel eslimates are not reliable, the transmit data rate is selected
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 eslimates are nol reliable, the receiver input signal qualily used 1o select the
appropriate quantized SNR curve may be a long-term (average) receiver input signal quality.
Averaging may be done at the wireless communication device 12, or instantanecus values

reported by the wireless communication device 12 may be averaged by the network.
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On the olher hand, if the channel estimates are reliable (Step 132). the measured
receiver inpul signal quality may represent a shorier term, e.q., instantaneous, measurement. Of
course, averaged values may still be used. In either case. with the availabilily of reliable channeal
estimates, the receiver input signal quality can be mapped lo one of the quantized SNR curves
and a particular propagalion channel realization, or a constrained range of propagation channel
realizations, corresponding to the channel estimates (Step 136). In one variation of this
approach, different SNR/CDF curves can be slored for long-term and short-term SNR
measurements, with the different SNR curves reflecting different probabilistic characteristics.
Then, in operation, the sel of curves lo 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
reliabilily.

This hierarchical approach to channel quality information generation can be
implemented in the wireless communication device 12, such as by including appropriately
configured processing circuits in the device 12, along with storing appropriate receiver
performance data. Fig. 9 illustrales one embodiment of the wireless communication device 12,
configured for carrying out a method of channel quality information generation using receiver
performance data. The illustrated embodiment comprises a receive/transmit antenna 20, a
switch/duplexer 21, a receiver front-end 22, a transmitter 24, a baseband (BB) controller 26, a
system controller 28, inpul/output (I/O) interface circuits 30, and a user interface (UI1) 32.

Of particular interest regarding channel quality information generation, the baseband
controller 26 includes one or more processing circuils 40, which are configured for channel
quality 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.g., a set of 1000 channel realizations, such as illustrated in Fig. 6 or 7.
However, at least some of the performance data may be obtained using curve-fitting
calculations—e.g., polynomials—and it should be understood thal various methods of storing
and represenling receiver performance data are conlemplated herein.

In operation according to one embodiment, the wireless communication device 12
maintains a long-term estimate of receiver input signal quality—average SNR—and further
maintains short-lerm (instantaneous) propagation channel estimales. If the propagation channel
estimates are nol 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 lo the closest corresponding receiver
input signal qualily represented in the receiver 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 communicalion device 12 returns

channel quality information to the base station 10 in the form of updated transmit data rate
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selections that are identified probabilistically, without regard to the actual channel estimates. A
transmit link adaplation control circuit 38 in the base station 10 uses the reported data rate
seleclions to adjust the transmit data rate used io send traffic to the wireless communication
device 12.

If the propagation channel estimates are reliable, the wireless communication device 12
operates in a second mode. In the second mode, the wireless communicalion 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 eslimates. The wireless communication device 12 thus uses the receiver performance
dalta 1o identify the data rates that can be supported for measured receiver input signal quality
and corresponding channel estimates. and reports the identified data rate selections to the base
station 10.

In both the first and second modes, the base station 10 receives channel quality
information in the form of data rate selections, and the base station 10 performs corresponding
transmit data rate adjustments for forward link transmissions 1o the wireless communication
device 12. As such, whether the channel qualily information is being generated in consideration
of current channel estimates may be transparent to the base station 10. That is, from the base
station's perspective, link adaptation may transparently shift between the first and second
modes, without need for explicit signaling. In some embodiments, however, the mode of
channel quality information generation may be signaled, or otherwise indicaled. 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 first or second
modes.

Figs. 10 and 11 illustrate embodiments of processing circuits that may be included in, or
associaled with, the baseband controller 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 guality information
generation circuit 44, which generates channel quality information, e.g., rale selection data, in
first and second modes. The circuit 44 may be configured to provide an indication of the type of
channel quality information being generated, i.e., it may indicate the mode that it is operating in.

The processing circuit{s) 40 may further include, or may further be associaled with, a
channel estimate reliability evaluation circuit 46 and a channel estimation circuit 48, The
channel estimate reliability evalualion circuit 46 is configured to estimate the reliability of the
channel estimales being generated by the channel estimation circuit 48, which generates
instantanaous propagation channel estimates based on the received signal and pilot

information. The channel estimate reliability evaluation circuit 46 may receive, among other
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things, the channel estimates from the channel estimation circuit 48 and/or the pilot vaiues.
Operation may be swilched between the first and second modes based on the reliability
indicator output by the reliability evaluation circuit 46,

Nate, too, that the channel quality information generation circuit 44 may be configured to
perform the receiver inpul signal quality measurements, i.e., the Ey /N, calculations, or another

functional circuit may be included for that purpose in the processing circuil(s) 40. On that point,
it should be understood that illustrations of the processing circuil(s) 40 may represent funclional
rather than physical circuit elements. For example, the processing circuit(s) 40 may comprise
all or a portion of a microprocessor-based circuit, an FPGA, ASIC, ete.

Continuing with function circuit descriptions, Fig. 11 illustrales one embodiment of the
channel gualily 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 souree circuit for the
channel quality information being output. If the reliability indicator indicates that the channel
estimates are nol reliable, the mode select circuit 50 selects a long-lerm channel quality
information eslimalion circuit 52 as the source circuit. The long-term channel quality information
estimation circuit 52 selects supported data rales using the receiver performance data based on
long-term estimates of receiver input signal quality and desired CDF probabilities.

Conversely, if the reliability indicator indicates that the channe! estimates are reliable,
the mode select circuil 50 selecls an instantaneous (short-term) channel quality information
estimaltion circuit 54 as the source circuit. In one embodiment, the instantaneous channeal
quality information estimation circuit 54 selects supported data rates using the receiver
performance dala based on long-term estimates of receiver input signal quality and the channel
estimaltes. In another embodiment, instantaneous channel quality informalion is generated by
calculating receiver oulpul 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, il should be understood that the base station 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 qualily measurements. For example,

Fig. 12 illustrates a channel quality information generation circuit 60 and a memory 62, which
may be included in the base slation 10. The memory 62 stores receiver performance data for
one or more receiver types, with al 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 more
processing circuils configured to determine channel quality information for a transmil
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

algorithm that does nol depend on channel estimates for the wireless communication device 12,
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and in a second mode, generating channel guality information according to a second algorithm
that depends on the channel estimates.

In one embodiment, in the first mode, the base station 10 receives at least receiver input
signal quality information for the wireless communication device 12. As described, the first
algorithm may comprise mapping receiver inpul signal quality to a data rate that is achievable at
a desired probability over a range of propagation channel realizalions. For the second mode of
operation, the base slation 10 receives receiver inpul signal quality information and propagation
channel information from the wireless communication device 12—e.g., quantized long-term
SHR values and quantized short-term propagation channel estimates.

If the base stalion 10 stores code books of SNR values and propagation channel
realizations, the wireless communication device 12 need only return code book indices
corresponding to 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 propagation channel
realization, or for & consirained range of propagation channel realizations, corresponding to the
propagation channel estimates.

As such, the base station 10 can be configured to select operalion in the first mode if it
receives receiver input signal qualily information for the wireless communication device 12
without receiving corresponding channel estimates. Alternatively, the wireless communication
device 12 can be configured always to report channel estimates and signal quality, and the
base station 10 can be configured to selecl operation in the first or second modes based on
evaluating the reliability of the channel astimates. In at least one embodiment, the base
station 10 selects the mode based on determining whether the wireless communication
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 station 10 ocperates
in the second mode. Of course, it should be understood that first and second modes of
operation may be managed independently for individual ones in a plurality of wireless
communication devices being supported by the base station 10.

Further, and more generally, it should be understood thal channel quality information
generation as taught in one or mare embodiments described herein uses receiver performance
data to determine channel quality information metrics. such as supported data rales, based on
using receiver performance data. The receiver performance data characterizes supported data
rates in terms of propagation channel realizations, for each in a plurality of quantized receiver
input signal gqualities. In a first mode of operation, the data rate thal can be achieved at a
desired probability over a range of propagation channel conditions, e.9., all hypothesized
propagation channel realizations, are selecled for the receiver input signal quality value that
corresponds to measurements obtained by the wireless communication device 12. As such, the

data rate is not set in consideration of the instantaneous channel conditions prevailing at the
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wireless communication device 12, but rather set probabilistically, in consideration of the long- .
term channel conditions. As such, the first mode of operalion can be selected whenever reliable
channel estimates are not available.

In a second mode of operation, where reliable channel estimales are available, data
ratles are selected using receiver inpul signal qualities and propagation channel realizations
corresponding to measurements obtained at the wireless communication device 12. In other
words, short-term propagation channel conditions are considered when the estimates of those
conditions are reliable. In this regard, the same receiver performance data can be used lo
generate channel quality information metrics with or without using current propagalion channel
estimates. As such, it is convenient to modify transmit link adaptation to 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 foregeing discussion, nor is it
limited by the accompanying drawings. indeed, the present invention is limited only by the
following claims, and their legal equivalents.
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CLAIMS
What is claimed is:
1. A method of determining channel qualily information for a transmil propagation channel
associated with a wireless communication device (12), the method characterized by:
in a first mode, generating channel quality information according to a first algorithm that
does not depend on current propagation channel estimates: and
in a second mode, generating channel guality information according 1o a second

algorithm that depends on current propagation channel estimates.

2. The method of claim 1, further characterized by determining whether to operate in the
first mode or in the second mode as a function of propagation channel fading conditions.

3. The method of claim 1, further characterized by determining whether to operate in the
first mode or in the second mode responsive to evaluating a reliability of propagation channei

estimates made by the wireless communication device (12).

4, The method of claim 1, wherein generating channe| guality information according to a
first algorithm that does not depend on current propagation channel estimates comprises
mapping a receiver input signal quality for the wireless communication device (12) to a data rate
selection that is achievable at a desired probability over a range of propagation channel

conditions.

5. The method of claim 4, wherein mapping a receiver inpul signal quality for the wireless
communication device (12) to a data rate selection that is achievable at a desired probability
over a range of propagalion channel conditions comprises using a Cumulative Distribution
Function (CDF} and the receiver input signal quality o identify a data rate that is achievable with
respect to a desired error limit over a range of hypothesized propagation channel realizations.

6. The method of claim 5, wherein 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 comprises selacting a
CDF curve that relates received signal qualily to achievable data rates over a set of
hypothesized propagation channel realizations.

7. The method of claim 6, further characterized by generating one or more CDF curves to
support mapping of the received signal qualily 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 CDF curves to support mapping
of the received signal qualily based on estimaling long-term propagation channel conditions for
the propagation channel associated with the wireless communication device (12) comprises
generaling the one or more CDF curves based on one or more of long-term propagation
channel estimales, rate-of-travel of lhe wireless communication device (12), type of dala
services aclive 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 for or desired for the wireless communication 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
communication device (12} to a data rale seleclion that is achievable for propagalion channel
conditions corresponding to the current propagation channel estimates.

10. The method of claim 1, wherein the wireless communication device (12) generates the
channel quality information as feedback for transmit link adaptation.

11. The method of claim 1, wherein the wireless communication device (12) generates
channel quality measurements and a base siation (10) in a supporting wireless communication
network generales the channel qualily informaltion based on receiving the channel quality
measurements.

12. The method of claim 11, wherein the channel quality measurements for the firsl mode
comprise at least receiver input signal quality measuremenis, and wherein the channel quality
measurements for the second mode comprise receiver inpul signal quality measurements and

carresponding propagation channel estimales.

13. The method of claim 1, further characterized by storing receiver perfformance data for
use in generating the channel quality information in at least the first mode, said receiver
performance dala characterizing 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.

14. The method of claim 13, wherein generating the channel quality information according to
the first algorithm comprises selecling a receiver inpul signal quality corresponding to a receiver
input signal guality measurement made by the wireless communication device (12), and

identifying a data rate that can be supportied for the receiver input signal guality over a range of

propagalion channel realizations,
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15. The method of claim 13, wherein generating the channel quality informalion according to
the second algorithm comprises selecting a receiver input signal quality corresponding to
receiver inpul signal quality measurements made by the wireless communication device (12},
selecting a propagation channel realization or a constrained range of propagation channel
realizalions corresponding to propagalion channel estimates made by the wireless
communication device (12), and identifying a dala rate that can be supported for the receiver
input signal qualily and the selected propagation channel realization or constrained range of
propagaticn channel realizations.

16. The method of claim 1, further characterized by selectively operating in the first and
second modes as a funclion of at least one of (a) packet lengths of data lo be transmitted by the
wireless communication device (12), (b) delay requirements associated wilh packet data to be
transmitted by the wireless communication device (12), (c) delay requirements associated with a
communication service aclive at the wireless communication device (12), (d) identification of the

wireless communication device (12), and (&) network usage or congestion laveals.

17. A wireless communication device {12) comprising one or more processing circuits {40)
configured lo delermine channel qualily information for one or more signals received by the
wireless communication device (12), operalion of said one or more processing circuits for
delerming the channel quality information characterized by:
in a first mode, generaling channel quality information according to a first algorithm that
does not depend on current propagalion channel estimates; and
in a second mode, generating channel quality information according o a second
algorithm that depends on current propagation channel estimates.

18. The wireless communication device (12) of claim 17, wherein the one or more
processing circuils (40) comprise a channel quality information generation circuit (44) that is
configured to generale the channel quality information by seleclively operating in the first and

second modes.

19. The wireless communication device {12) of claim 18, wherein the one or more
processing circuils (40) include a reliability evaluation circuit (46) to generate a reliability
indicator indicaling whelher propagation channel estimates being generated at the wireless
communication device (12) are reliable, and wherein the channel quality information generation
circuit (44) is configured to select the first mode of operation if the reliability indicator indicales
thal the propagalion channel eslimates are nol reliable, and to select the second mode of
operation if the reliability indicator indicates that the channel estimates are reliable.
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20, The wireless communication device (12) of claim 17, wherein one or more processing
circuils (40) are configured to determine whether to operate in the first mode or in the second

mode according to a reliability of propagalion channel estimates made by the wireless
communication device (12).

21. The wireless communication device (12) of claim 17, wherein the first algorithm
comprises mapping a receiver input signal quality for the wireless communication device (12} o
a data rate selection that is achievable al 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 wireless communicalion device (12) lo a data rate selection that is
achievable at a desired probability over a range of propagation channel canditions comprises
using a Cumulative Distribution Function {CDF) and the receiver input signal qualily 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 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 hypolhesized propagation
channel realizations comprises selecting a CDF curve that relates received signal quality to
achievable data rales 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 configurad lo generate one or more CDF curves to support mapping
of the received signal quality based on estimaling 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 qualilty based on estimaling long-term propagation channel conditions for
the propagation channel associated with the wireless communication device (12) by generating
the one or more CDF curves based on one or more of long-term propagation channel estimates,
rate-of-travel of the wireless communication device (12), type of data services active for or
reguested for the wireless communication device (12), downlink bandwidih assigned 1o or
available for the wireless communication device (12), and a modulation and coding scheme
being used for or desired for the wireless communication device (12).
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26. The wireless communication device (12} of claim 17, wherein the second algorithm
comprises mapping a receiver input signal quality for the wireless communication device (12) 1o
a dala rate selection that is achievable for propagation channel conditions correspending to the
current propagalion channel estimates.

27. The wirgless communication device (12) of claim 17, wherein the wireless
communicalion 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 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 qualities, supported data rates for a plurality of propagation channel realizations.

28, The wireless communication device (12) of claim 27, wherein the first algorithm
comprises selecling a receiver input signal quality corresponding to 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.

29, The wireless communication device (12) of claim 27, wherein the second algorithm
comprises selecling a receiver input signal quality corresponding to a receiver input signal
quality measurement made by the wireless communication device (12}, selecling a propagation
channel realization or a constrained range of propagation channel realizations 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 selecled
propagation channel realization or consirained range of propagation channel realizations.

30. A base siation (10) comprising one or more processing circuits (60) configured 1o
determine channel quality information for a transmit propagation channel corresponding to a
wirgless communication device (12) associated with the base station (10}, based on:
in a first mode, generating channel quality information according to a first algorithm that
does not depend on current propagation channel estimates for the wireless
communication device (12); and
in a second mode, generaling channel quality information according to a second
algorithm that depends on current propagalion channel eslimates for the wireless
communicalion device (12).
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31. The base station (10) of claim 30, wherein, in the first mode. the base station (10)
receives at least receiver inpul signal quality information for the wireless communication devicea
(12}, and wherein the first algorithm comprises mapping receiver input signal quality to a data
rate that is achievable at a desired probabilily over a range of propagation channe! realizations.

az, The base station (10) of claim 31, wherein the base station (10) is configured to map a
receiver input signal quality for the wireless communication device (12) to a data rate selection
that is achievable at a desired probability over a range of propagaltion channel conditions
comprises using a Cumulative Distribution Function (CDF) and the receiver input signal quality
lo identify a data rale that 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 quality to idenlify a data rate that is achievable with respect
to a desired error limit over a range of hypolhesized propagation channel realizations comprises
selecling a CDF curve that relates received signal quality to achievable data rates over a set of
hypothesized propagation channel realizations.

34. The base station (10) of claim 33, whergin the base station (10) is configured to
generate 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).

35. The base station (10) of claim 34, whersin the base station (10) is configured to
generate one or more CDF curves 1o 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) by generating the one or more CDF curves based
on one or more of long-term propagation channel estimates, rate-of-travel of the wireless
communication device (12), lype of data services active for or requested for the wireless
communication device (12), downlink bandwidlh assigned to or available for the wireless
communication device (12), and a medulation and coding scheme being used for or desired for
the wireless communication device (12).

36. The base station (10) of claim 30, wherein, in the second mode, the base station (10)
receives receiver input signal quality information and propagation channel estimates for the
wireless communication device (12), and wherein the second algorithm comprises mapping
receiver input signal qualily to a data rate that is achievable for a particular propagation channel
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realization, or for a constrained range of propagation 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 mede if it receives receiver input signal quality information for the wireless
communication device (12) without receiving corresponding propagation channel estimates for
the wireless communication device {(12).

38. The base station (10) of claim 30, wherein the base station (10) is configurad to selecl
operation in the first mode if it determines that propagation channel estimates for the wireless

communication device (12) are not reliable.

39, The base station (10) of claim 30, wherein the base stalion (10} is configured to selecl
operation in the first mode if the wireless communication device (12) is operating in fast fading
conditions, and is configured 1o select operation in the second mode if the wireless
communication device {12} is not operating 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 ithe one or more processing circuits (80) in
generaling the channel quality informalion 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 qualities, supported data rales for a

plurality of propagation channel realizations.

41, The base station (10) of claim 40, wherein the first algorithm comprises using the
receiver performance dalta to select a receiver input signal guality corresponding to a receiver
input signal quality measurement made by the wireless communication device (12), and identily
a data rate that can be supported for the receiver input signal qualily over a range of

propagation channel realizations.

42. The base station (10} of claim 40, wherein the second algorithm comprises using the
receiver performance data to select a receiver input signal guality corresponding to a receiver
input signal quality measurement made by the wireless communicalion device (12), select a
propagation channel realization or a constrained range of propagation channel realizations,
corresponding to propagation channel estimales made by the wirgless communication device
{12), and idenlify a data rate can be supported for the receiver input signal qualily and the
selected propagation channel realization or constrained range of propagation channel
realizations.
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43. A method of characterizing receiver performance, said method characterized 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 supported for each propagation
channel realization; and

for each receiver input signal qualily, computing the cumulative distribution function of

the supported dala rates corresponding to the propagation channel realizalions.

44, The method of claim 43, wherein computing a data rate that can be supported for each
propagalion channel realizalion comprisas delermining the dala rate (R) that can be supported
as a funclion of a data rate (Rme.) corresponding lo the modulation and coding scheme, and a

Block Error Rate (BLER) expected for the propagation channel realization.

45. The methed of claim 44, wherein determining the data rate (R) that can be supported as
a function of a data rate {Rm.) corresponding to the meodulation and coding scheme, and a
Block Error Rate (BELER) expected for the propagation channel realization comprises calculating
Ras R= Rmn= (1-BLER).

48, The method of claim 44, wherein determining 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 comprises calculating
R as R = Rme/(1-BLER).

47. The method of claim 43, wherein computing a data rate that can be supported for each
propagation channel realizalion comprises determining the data rale (R) that can be supported
as a function of a data rate (R, corresponding o the modulation and coding scheme, a Block
Error Rate (BLER) expected for the propagalion channel realization, and a target Block Error
Rate (BLER(target)).

48, The method of claim 47, wherein delermining the data rate (R) that can be supported as
a function of a data rate (Rme) 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(target), and
atherwise determining Ras R = 0.
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49, A methed of providing rate adaplalion feedback from a wireless communication device
(12) to a supporting wireless communication network charactlerized by storing receiver
performance data determined according to the method of characterizing receiver perfermance
of claim 43, and, in a first mode of operation, selecting a supported data rate using the receiver
performance data according to a receiver input signal quality corresponding lo measuremenls
made by the wireless communication device and a desired probability of achieving the selected
data rate for a range of propagation channel realizations, and, in a second mode of operation,
selecting a supporied dala rale using the receiver performance data according to a receiver
input signal quality corresponding to measurements made by the wireless communication
device and a particular propagation channel realizalion, or a constrained range of the
propagation channel realizations, corresponding to propagation channel estimates for the
wireless communication device (12).
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{57) Abstract: A method and apparatuos for generating channel quality information, such as may be used Tor transmit link adaptation,
provide different aperating modes, such as a lirst mode that may be used when propagation channel cstimates are not religble, and a

& second mades that may be used when the propagation channel estimates are reliable. In one or mone embodiments, channel quality

& information is generated using receiver performance informtio that charmcterizes receiver performance in terms of a defined channel
qualily metric, e.g., supported data rates, for different values of receiver inpul signal quality over a range of propagation channel
realizations. Channel quality information can be generated by selecting channel quality metrics according 1o receiver input signal
quality and a desired proboability of meeting a defined performance reguirement over a range of propagation channel realizations, or
by selecting channe] quality metrics according to receiver inpul signal quality and particularized propagation channel realizations.
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{57) Abstract: A method for link adapiation comprises:
classifying radio channels; setting a set of link sdaptation
modes; and selecting a corresponding link adapiation
mede sccording 1o the type of the rudio chanrel. An appa-
totus for link adepiation comprises: classification module
for classitying radio dhiannels; setting module for setting a
set of link adaptation modes: and mode selection module
for selecting o corresponding link adapiation mode from
the sefting module sccording 1o the type of the clasified
mdio chanpel. By accordingly sclecting effective link
adaptation modes in accordance with different types ol ra-
dio chamnels, realizing the throughpul maximization of
system in different fading channels con be ensured, and
the stable and relinble link quality can be maimained,
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(2) RREAZTH: /A LETRAEX T, TNy, IpARR £ £ T4
I A

TR e R Bk, oAl AR

B AL FMAR K R A5, AR A & 6945 R F % £ SINRGUO-w’ +1),
SINR(t0-w” +2),..., SINR(10), FAALIE S (0 SINR (t) . t= t0-w’
1 t0-w" 42,10 B £ A, Kl (0893 FGA K, 1572 f(1)=SINR(D), t =
t0-w" +1,t0-w’ +2, B £ALFR25 R SINR estimate (t) =f (t) . L w’
AT SR F A RGN FO)TRABRAEAT A B4k, Blde = A Bk, B Sk,
a A B A B S 3R X T S

(3) BB 5. e W, Bp, AT uldia);

A F oA B @AY kAT HR G, MFE AR EEE, Hxabmagt
3 B 1 K A it AL TR K ;
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it - A T AL, Bp R R oA S ELeh A A

P(x)=P({SINR(O<x |t =t= t0-w" ~ +1, t0-w" ' +2,....t0) ., HL P(x)#% alpha
AR EL, AE A it AR T 25 2 SINR estimate(t), PP, SINR_estimate(t)
= P! (alpha) , P'(x)#h P(x)49 5 3, 0<alpha<1, alpha A% Jkif $4 39
AL, B2k AT MRS,

HEE 202, MRAER ALK A LR LSRR
FAR, BPIAATAE IS Z) RIS A BN,

#8202 @45

202.1, 3 FUNE R Rt AT kA B, R — A6 S AP T, Hu:
ek A ASGR w0 T K

2022, SLEL R 64 N A8 28 R, o B0 & 8P bl PR BE A F =T sl a9,
W iE4E A F e, wRALRH AR T TR GG, MiEiFa e
FEATH, TMAHb R AT,

HEE 203, ARAEFIE 202 PRI ALK R F LD, FagHEEHE
AELS T AT f L BN

Jo AT HE S F AT, WA TREP AP T A 4o RAT 1 H M K EAE
ML BR SARTRARN; doRAFE AR EEATIE, WA TR
..

FIR 204, ARBEALAT MG 5 KAdag & mARN, £ AR AT 2 49
13 A TRME &

oAk 6415 AR TARME T vl €48 45Tk ( Signal Interference Noise
Ratio, SINR ) . &3 % ( Block Error Rate, BLER ) 3F;

%, FAATAYME M L LA SINR(t), AR 2] % SINR estimate(tx),
153 o K 4 Rt ey 13 M & TaE S do T

Fi245i8 F: SINR_ estimate(tx)=SINR(t)

3L AIEH F:  SINR estimate(tx)=f(tx);

i
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B AL FEAS I F: SINR_estimate(tx)=P ' (tx).

FHR 205, ARAEH IR 204 FFB|GOMEHE S TAME L, B S Z T ELe
gk A,

i S 6915 T &L ( Signal Interference Noise Ratio, SINR ) i) 4 3
# SINRI1, b J-a9i%3k % (Block Error Rate BLER ) £ 4% 2 BLERI: &
SINR=SINR1, BELR=BLERI 9 #{F T $£58 Ff fit iA 2\ i 8 K ik & 5 0 %) 4 22
7 A, 1 ( Modulation Code Scheme, BP MCS1) , M A5 S dir i 25 & 55 MCSL1.

FH 206, 434 4 iE 5 i TR
Fkp 2

7o AK LT IAARME R AT 160 5 KA MG B A5 1 5 B AF: iR
REREARRBATE, B F Ko R3] 1, ok FHRE,

= 3

Fo ALRIEET AR AT a0 B AR ARG RS 4 e BT
i, MR EAT AR BEE,

Fovb B R AR Aot R IEAT a9 AL 5 K Ao k) 1, ek RARE,

KERW, PRAEERTHNTIR, ez s g Y EFaw
HEX .

TFTRERE, RMRELBHEN, RELWBX 2. FomLEL,
R Ak BAA G5 R Fr sk, 048 BRAAFAM S 55T £ 8 5 & {6 w4 X %,
PPEf AR FARIBEX P 494528 —Fb, DR IFMMIE TN £ H 1.

L) 4

TR —RAME, REANEAGTEIRMT —F R FHEBHEGHE
B, TR LA MR 544 iE F ek, BiiidE feys
VAR N F ik 38, FH 24 R FAE,

B 47l TALNREALEORELHTER, wB 455, TEF
Qasadits . R EA A Xk, .

7
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A 401 R F A A AT M AT
PR FARS 402 K h: R HaEss i AR E A

HER R AEAR 403 18 B 2h: ARIE L 4 3 64 B AR AT 18 KA HGR H AR P
i AF R 6B RE B 1E B AR

ik, AoK AR AGEERL B iS5 3 AT L3543 10 5 3) Bk Ao bk 38 il F Al
Ak, 3o

1S I HBGR T S SATA R AKZHGH LA FT L, HFHHEATL
AT A R,

gk A ARV B ARRPT R R RAFE R R ot L 60558 A IE
A, AR AR R 9 INME L, AL X AL R,

AATIRAE- B A ARA R T VAR L T i 69 230 P9 BT il it A2 A4
A AeAn K AR T A, AT AR T AL Tt LA sk AR, e
A, AN, Tikd, EiE SAEF6) &SRR T R T
— A S AR R T I, AR M, B 556 ) F 69 B AR/ U VAR
Ao a1 X E I, AT AR S el ey A R LI, A& ) T4
AT 45 S N oY REAF At 6 25 5,

vA LR m AR T AR IR 6 R, (2K ROR h TAE TR M AS e —ak 3Rk
5], FFAH AT K AR T B A PR AL, R TR AY B AR A B R 69 L
T RAEBAAR 4TRSS AL WE i AP AL e L AT AZ, {2iXik4g
i 64 BT A I T AR T A A AT AT e AR A R e R AP TE ),

Ik 3

il it ) A R A3 AL, AR L EAT 60 R E) 5 £ A 4 b e in AR AT AL
eI HiE S A PN, SRR E RR M EBRFH T RIR 0BT R
koAb, RIFEE T e IT ¥
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1. —Ar5k3s gt ik, Héis:

2 RBAT AT,

IEMS A E AR ES A

ARAR P& T 28 AT 8 64 K A A Head 1 6944 96 @ 6 B AEK ..

2. ABRAZR | TR e Tk, b, FARER T LW TR,
A T EAT B 60T LA M7 R 69,

3. ARIERAEK 2 SR Mk, Kb, ARAMGEEETHIRO TR,
RAFREAZ LN £
FIfFiE . MRAEFEAREREE; Sk
RRBEAFRRBRE; Sk
HET TN ST P

4. ARARAANRR | PRt e Fok, b, PTIRAESS QIS BN 4 Gde:
BPed i, M L AFREX. St i S TR X e AL I AR X

5. ARERA)RR 4 PTG F ik, S, RIE AT A AT 69 2 A i 4t
ML GG B 3E AR A 0 AR 048

WAL RRATHOGA LRFAE L, FIBIFd ST AKFH R, 41
YEPT A AT L ARAT UL 69 K BN P i S 58 B 38 5 BE X R4 o i 484 i 69 5455 1
i€ AR

6. ARABARAIZK 5 PRk e ik, b, RIBHTE R K45 1 69 £ A ik 4224
KRR £ I B ARK 0 RIS, Prik 75 ik 846
ARAR P ik AT K R Ao a2 094458 ) 15 S BER,, A5 b AR A %) 6912
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8. ABRA|RK 7 TR E, JF, PTdgaonil o8 L&
155 g i A Mt B R F M S AT 3 4,

9, RIEAAI TR 8 i e B, JLf, Prifg X B A L&D
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TREEATE ., RRF AR EIFH,
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(54)

(57} A methed for link adaptation includes: classify-
ing & radio channel; setting a set of link adaptation modes;
and salecting a carresponding link edaptaticn mode ac-
cording to a radic channel type. An apparatus for link
adaptation includes: a classification maodule for perform-
ing & classification on a radle channel; a setting module
for seting a set of link adaptation modes; and & mode

METHOD FOR LINK ADAFTATION AND APPARATUS THEREOF

selection module for selecting a corraspending link ad-
aptation mode from the sefting module according 1o a
redio channel type of the classification. The present in-
vention accordingly selects effective link adaptation
modes in accordance with different types of radic chan-
nels, and is able to ensure to Implement the maximum
systemihroughput In different fading channels and main-
tain the stable and reliable link quality.

L
Classifying radio chanmels ’>_-"

i
-

o

Sctting a link adaplaticn mode set

Selecting a correspondicg link edapistion
mode according 1o the channe| type

] k
- [k

FIG. 1

Fiinded by Jauwe, 7SO0 PARIE (FA)
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Description
Technical Field

[0001] The presant invention relates to wireless com-
munication systems, and more paricularly, to a link ad-
aplation technigue.

Background of the Related Art

[0002] In wireless communication systems, since the
radio channel 1s complex and there s no fixed rules to
fellow, 'n order to implament the maximum throughput of
the wiraless communicalion systemns, wireless commu-
nication systama ara axpactad to ba abla to automatically
adjust the transmission rate according to the channel
cendition change, namely the ink adaptation technigue.
The convantional method for link adaptation is taking the
latest channel quality measuremeant result as a basls of
selecting the future link rate.

Summary of the Invention

[0003]) Inthe priarart, the conventional method for link
adaptation is taking the latest channel quality measure-
ment results as a basis of selecting the future link rate,
and this method has the following problems:

the channel guality measurement resulls ahwvays
contain measuramant arore and randam interfar-
ence affects, namely the measurement results can-
not accuralely reflect the actual channal condilions;

radio channel condiions randomly change with the
change of the time, and that is to say that the past
measuremant results cannot completely reflect the
future channel conditions.

[0004] Inview of this, the technical problem to be solve
in the present invention is to provide a method and an
apparatus fer link adaptation, which are able to ensure
the maximurn throughput of the system implemented in
different fading channels and maintzin the stable ard re-
liable link quality.

[0005] To sohva the above tachnical pretlem, one as-
pect of the present invention is to provide a mathad tor
link adaptation, and the method comprises:

classifying a radic channel;
zetting a link adaptation mode set; and

selecting a cormesponding link adaptalion mode ac-
cording to a radi channal type.

[0006] Inthe step of classilying the radio channel, the
radia channel Ia classified based on & time-varant char-
acteristic of the radio channel.

T

25

45

[0007] Inthe step of classifying the radio channel, the
redio channel is classified into:

aflat channel, a slow fading channel and afastfading
channal, or

the slow fading channel and the fast fading channal;
or

the slow fading channal, the fast fading channel and
a mutant channel.

[0008] The link adaptation mode set includaes: an in-
stantanecus value prediction mode, a historical value
pradiction mode, a statistical quantile prediction mode
and a mutation processing mode.

[0009] The step of selecting the coresponding link ad-
aptation mode according to the ratio channel type com-
prises: determining a current radic channel type by an-
alyzing historical measurement information of the radio
channel, and selecting the comesponding link adaptation
rmode from the link adaptation mode =et according to the
current radio channel type.

[0010] After the step of selecting the corresponding
link adaptation mode according tothe radio channel type,
the method also comprises: oblaining channel prediction
information at a to-be scheduling time according to the
radlo channeltype and the corrasponding link adaptation
mode, and obtaining a link rete matching with the channel
prediction information at the o-be scheduling time.
[0011] Ancther aspect of the present inventicn also
provides an apparatus for link edaptation, which com-
prises:

a classification module, which is configured to clas-
sify a radio channel;

a setting module, which is configured 1o set a link
adaptation mode sel; and

a mode selection module, which is configures to se-
lect a comresponding link adaptation mode from the
satting modula according to a radlo channal type in
the classitication.

[0012] The classification medule is configured to par-
form the classification on the madio channel based on a
time-variani characterstic of the radic channel,

[0013] The classification module I8 configured to clas-
gify the radio channels into;

aflat channel, a slow fading channel and afastfading
channel or

the slow fading channel and the tast fading channel;
or

the slow fading channel, the fast fading channel and
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a mutant channel,

[0014] The link adaptation mode set includes: an in-
stantanecus value prediction mode, a historical value
prediction mode, & stalistical quantile prediction mode
and a mutation processing mode,

[0015] The mode selection module s co nfigured to se-
lect the corresponding link adaptation mode according
io the radie channel type in a following way:

determining & current radio channel type by analyz-
ing historical measurameant information of the redio
channal, and selecting the corresponding flink adap-
tation moda from the link adaptation mede set ac-
cording to the eurrent radio channel type,

[0016] The apparalus also comprses:

a channal leaming madule, which is configured to
analyze and process the historcal measurement in-
femation of the radio channel to obtain a the current
radio channel type; and

alink rate determination module, which is configured
te: cbtain the channel prediction information at a to-
oe scheduling time according to the radio channel
Iype and the corresponding link adaptation mode,
and salect a link rate matching with the channal pre-
diction information at the to-be scheduling time.

[@017]). With the technique in the present invertion, an
effective link adaptation processing moede can be select-
ed specificaly acconding to diferent radio channel types,
which iz able to ensure to implement the maximum sys-
tam throughput in different fading channals and to main-
toin a stable and reliable link quality.

Briaf Dascription of Drawings

[0018] The drawings describad herein is used to pro-
vide a batter understanding of the prasent invention and
forms a part of this apglication, the lllustrative examples
ol the present inventlon and their descriptions are usad
to explain the present invention rather than forming the
improper restriction on the present invantion. In the draw-

ings:

FIG. 1 is & flow chart of the method for link adaptation
in accordance with the present invention:

FIG. 2is & flow chart of the method for link adaptation
in accordance with the exampie 1 of the present in-
vantion;

FIG. 3 is a schamatic diagram of the classification
of tha radic channels:

FIG. 4 iz a block diagram of the apparetus for link

o

adaplalion in accordance with the presant invention,
Preferred Embodiments of the Present Invention

[0019] Thespecific emoediments of the presantinven-
tion will be lustrated in detail with reference to drawings
and examples,

[0020] The basicidea af the method for link adaptation
in accordance with the present invention is shown in FIS,
1. which comprises:

&lap 101, the radio channels are classified;
stap 102, a link adaptation mode set s sat;

step 103, a comesponding link adaptation mode is
salected according to the radio channal type,

Example 1

[0021] Asshownin FIG. 2, this example comprises the
following steps of;

step 207, the radio channels are classified, and the
corresponding link adaptation mede set is et

[0022] Specifically, in this example, the radio channels
are classified into three types according to the time-var-
iant characteristize of the radio channels, and as shown
inFIG. 3, tha three types of radio channels are: flat chan-
nals, slow fading channals and fast fading channels;
then further a corresponding link adaplation mode set is
sat according to the channel ading types:

the corresponding link adaptation mode set includes: an
instartaneacus value prediction mode, a historical value
prediction moede and statistical quantile prediction mada,
wherein:

the instantaneous value pradiction mode refers te
take the latest channal measuremant result as a ba-
sigto select alink rate atthe channalscheduling time.

[00:23] The historicel value prediction mode refers to
use the curve fitling mathoad 1o predict the channel ecn-
ditizns at the to-be scheduling time according to the his-
torical channel measurement results for use by salecting
the link rate.

[0024] The statistical guantile prediction mode refers
ta take a certan quantile of the cumulative distribution
function of the historical measurement results as the ba-
&is to salact the link rote at the to-be scheduling time. For
axample:

(1) Nat channels: in the instantanecus value predic-
tion mode, and predictable, that s, the prediction er-
rer is in the acceptabls range;

suppose:
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the channel measurement result at the time tis
denoted as SINR(T), the current time = dancted
as t, the to-be scheduling tme is 104+n, whera
n is the sum of the systemn processing delay and
the air interfaca transmission delay; the latest
measuremen: result obtained at the current time
Is SINR(tx), and x=t0, erefore! the instanta-
neocus value prediction rasult SINA_estimate
{t0+n) i SINR_sstmate{t0en=SINR(tx), the
estimation error at the time 1 & dencted as Err
(1), than: Errt) = ISINF_sstimate(l}-SINR(IH
The predictable (estimable) probabliity s ax-
pressed as:

tha probability function P{Errti<Error_thrahoidl
t o= 0w 02, 10 2P, 0sP1st, wao,
where Error_thresheld is the estimation error
threshold, when Er(t)<Ermor_tnrehold, it indi-
cates that the estimation at the tima t 1s correst,
othersise, it indicates that the estimation is
wrang, and the smaller the Error_threshold is,
the higherthe estimation precisionis, otherwise,
the estimation precision is lower; P1 denotes the
probability thrashold of the correct estimatian,
and that iz, the probability of correct estimation
i P1. When the probability of correct eatimation
is larger than the threshold P1, it indicates that
the channel ig estimable in thls prediction mode
{or predictable). Where, w indicates the statisti-
cal fime window length, and the smaller the w
ig, the lower the ewitching betwean the channal
medes is, the more accurate the statistical result
is, the faster the switching between the devel-
ocpment modes 15 and the lowear the judgmeant
precigion is,

(2) Slow fading channals: in the histedcal value pre-
diction mode, and predictakble, that is, the prediction
arror & In the acceptabla range.

The concept of predictability is as tha above descrip-
fion &nd is not repeated herain;

the historical value prediction mode refers to: use
the historical channal measureament rezults SINR(0-
W +17, SINRO-W' +2),--, SINA(I0), use the selected
basis functicon f(t) to performthe curvefiting on SINK
(1), t=t0-w, & 1, t0-w, +2, -, 10 to obtain the mathe-
matical expression of #t), so that f {t) = SINR {t}, t=
t0-w' +1, t10-w +2 10, The histoncal value predic-
tion result SINR_estimate (1) = {t). Wherew' denotes
the number of historical measurement results; fi{t)
can be any basis functions such as the trigonometric
function, the power function, the logarithmic function
as well ag the polynomial function and sc on,

[3) Fast Fading Channsals: other cases, that s, un-
predictable;

those are unpredictable by the above two methods
are determined as the fast fading channels, and the
corresponding link adaptation mode ks the statistical

pa

45

quaniile prediction mode;
the statistical guantile prediction mede s the mode
apphlying the probabllity distribution function:

P{x] = PISINRit)=x | { =t= t0-w"+1, 10-w"+2,...,
10), the quantile at the point of alpha of the P(x)
I% 1aken as the statistical quantlle prediction re-
sult SINA_estimate(t), that is, SINF_estimate(t)
= PV aipha) , and P-{x) ie the Invarsa function
of P(x); O=alphas1, the larger the alpha is, the
higher the rate is, eand the waorse the reliakility
Ig, ctherwise, the lowerthe rate I, and the better
the reliability is;

step 202, the fading type of the radio channel is
obtained according to the analysls of the histor-
ical measurement information of the radio chan-
nel, andthat ig, the fading type of the radio chan-
nal is obtainad via the channal learning.

[0025] Step 202 comprises:

202.1, the historical measurement results are de-
noised, and a general de-nolsing way can be used,
for axample the fiterng way or the sliding window

average way;

202.2 N historical measurement results are ab-
served, and i the channel is predictable in the In-
stantanecus value prediction moede, the channel is
a flat channal: it the channal ie pradictabla in the
historical value prediction mode, the channel is a
slow fading channel, ctherwise the channel is a fasl
fading channel.

[0026] Step 203, a link adaptation mode is selected
from the link adaptation mode set according to the fading
type of the radio channel obtained in step 202;

if the channel is a figt channel, the instentanecus value
prediction mode is salected; ifthe channel isa slow fading
channel, the histerical value prediction mode is selected;
and if the channel iz a fast fading channezl, the statistical
quantile prediction mode iz selected,

[0027] Step 204, the channel condition prediction in-
formmation &t the to-be scheduling time point iz obtained
according to the radio channal type and link adaptation
miodea;

the channel condition predicticn information might in-
clude the Signal Interferance MNoise Radio (SINA), and
the Block Eror Rate (ELER), and 50 on;

itig assumed that the latest historical measurement value
& SINR(t), and measurament value at the to-be sched-
uling time s SINR-estimata(tx);

the channe! condition prediction informeation comespond-
ing to the channel classification resulls i as lollows:

in flat channels: SINA estimata(tx) = SINB(L);

in slow fading channels: SINR estimate(ix) = fitx);
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in fast fading channels: SINA_estimate(ix)=F 1(tx).

slep 205, the matchinglink rate is obtained according
to tha channel condition prediction information ob-
tained In step 204,

it ks assumed that the channel SINA prediction result
is SINR1 and the service BLER reguirement is
BLER1; the maximum rate that can ba reached by
the link in the conditions of SINR=SINR1 and
BELR=BLER1 is the Modulation Code Scheme 1
(MCS1), therefore, the outpul result in this step is
MCS1.

[0028] Stop 206, the link adaptation process is com-
plete.

Example 2

[0029] In addition, the present invention can further
classify the radio channels into twe types according to
the time-varani characteristice of the radio channels,
namahy: glow fading channels and fast fading channels.
The processing method is as the example 1 and is not
repeated herein,

Example 3

[0030] In addilien, the presant invention can further
classify the radio channals into: fast fading channals,
glow fading channels and mutant channels according to
Ihe time-variant characteristics of the radic channels.
[0031] Wherein, the method for processing the fast
fading channels and the slow fading channels is as the
example 1 and is not repaated harein,

[0022] Fora mutant channal, the channel is suddenly
good or bad, the corresponding link adaptation mods is
the mutetion processing mode.

[0033] Forthe mutant channel, the mutant processing
mode is applied, and the mutation processing mode re-
fers to: clear the histerical information, use the initial de-
fault channel prediction way which might use any cne of
the historical value prediction mede or the instantanaaus
value pradiction mode, and the specific selection is de-
termined according to tha data reliability requirements.

Example 4

[0034] Based on the same inventive concept, tha ax-
ample of the present invention alzo provides an appara-
tusfor link adaptation, since the principle of the apparatus
for solving the problem is similar to the mathod for link
adaptation, the implementation of the apparatus can refer
to the implementation of the method, and the owerlaps
are not repeated hergin.

[0035] FiG. 4 shows a schematic diagram of the strue-
ture of the apparatus for link adaptation in accordance
of the presant invention, and as shown in FIG, 4, the

45

apparatus comprises a classilication module, 8 setting
module and a mode selection module, wharain

the classification module 401 is corfigured to perform a
clagsification on the radio channals;

the setting module 402 is configured to sat a link adap-
tation mode sel,

the mode selection module 403 |5 configured to select
the corresponding link adeptation mode frem the setting
medule aceording to the radie ehannal type in the clas-
sification,

[0036] Preferably, the apparatusforthe link adaptation
in the present invention also comprises a channel learm-
ingmodule anda link rata detamination module, wherein
the channel learring module is configuradto analyze and
process the historical measurement information of the
redio channels toe obtain the current radio channel type;
the link rate detarmination module is configured to obiain
the channe prediction informaticn atthe to-be schaduling
time according to the radie channal type and the corra-
sponding link adaptation mede, and to select the match-
ing link rate,

[0037] It can be understood by those skilled in the arl
that some or all steps in the above mentioned mathod
can ba fulfilled oy instructing the relevant hardware with
a program, and sald program is stored in a computer
readable storage medium such as the read only memory,
the magnetic disk or the oplical disk. Cptlonally, some or
all sieps In the above mentioned examples can be im-
plemanted with one or more integrated circuits, Corre-
epondingly, sach modulafunit in the abova mantionad
examples can be implemantad in the farm of hardware
ar in the form of software funclion module, or thelr com-
binations.

[0038] The principle of the present invention is ilus-
trated in detail in the above descriplion, however, the
description i3 only a plurality of examples illustrated for
understanding the present invention rather than the re-
striction of the protection scope of the prezent invention,
Faor those skilked in the art, various corresponding mod-
ifications and ransformations can be made according to
the present invantion without departing from the spirt
and essence of the present invention, and such modfi-
cation or transformations should fall inte the protection
scope of the Eppanded claims of the present invantion.

Industrial Applicability

[0039] With the technigue in the present invention, an
eflectve ink edaptaticn processing mote can be select-
ed specificaly according to different radio channel types,
which iz able to ensure the maximum systam throughput
in different fading channels and to maintain a stable and
reliable link quality.

Claims

1. A method for link adaptation, wherein, the method
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comprising:

classifying a radio channel;

setling a link adaptation mode set; and
selecting a corresponding link adaptation mode
according to a radic channel type.

The method of claim 1, wherein, in the step of clas-
sifying the radio channel, the radie channel is clas-
sified based on a time-variant characteristic of the
radio channel,

Tha methad of claim 2, wheran, in the step of clas-
sifying the radio channel, the radie channel is clas-
sified into:

a flat channel, a slow fading channel and a fast
ftading channal: or

the slow fading channeland the fast fading chan-
nal; or

the slow fading channal, the fast fading channel
and & mutanl channsal,

The mathod of dalm 1, wherein the link adaptation
mode set includes: an instantanecus value predic-
tion made, a historical value prediction mode, a sta-
tistical quentile prediction mode anrd & mutation
processing mode.

Thi method of claim 4, wharein the step of selecting
the corresponding link adaptation mode according
to the mtio channel typa comprisas:

delermmining & current radio channal type by an-
alyzing historical measuramant information of
the radio channel, and selecting the corresgond-
ing link adaptation mode fromthe link adaptation
mode set acconding to the current radic channel
type.

The method of claim 5, after the step of selecting the
cormesponding link adaptation mode according to the
radio channel type, the method also comprising:

cbtaining channel prediction infarmation at a to-
be scheduling time according to the radic chan-
nel type and the coresponding link adaptation
mode, and obtairing a link rate matching with
the channel pradiction information at the to-be
schaduling timea.

An apparatus for link adaptation, comprizging:

a classification module, which is configured 1o
perform a classification on a radio channel;

a sefting module, which is configured to set a
link adaptation mode set; and

a mode selection module, which is conligured

T

45

10.

11.

12,

o select & corresponding link adasiation mode
from the setting module according to a radio
channel type in the classification.

The apparatus of claim 7, wherein the classification
module is confligured to perform the classification on
the radio channel based on a tima-variant charac-
teristic of the radio channal.

The apparatus of claim 8, wherein the clazsification
module is configured to classify the radie channel
inito:

a flat channel, a slow fading channal and a fast
tading channel; or

the slow fadingchannel and the fast fading chan-
nal; or

the slow fading channel, the fast fading channel
and a mutant channal,

The apparatus of claim 7, whergin the link adaptation
mode set includes: an Instantaneocus value predic-
tinn mada, & histarical value pradiction made, a sta-
tisticel quantile prediction mode and &8 mutation
processing moda.

The apparetus of claim 10, wherein the mode selec-
tion meduls s configured to selact tha carrespanding
link adaptation mode acconding to the radio channel
type in a following way:

determining & current radio channel type by an-
alyzing historical measuremeant information of
tha radio channel, and selecting the correspond-
ing link adaptation mode from the link adaptation
mode set according 1o the current radic channel
type.

The apparatus of claim 7, the apparatus also com-
prising:

a channel kearning modube, which is configured
to analyze and process historical measureament
Infarmation of the radio channa) to obtain a cur-
rent radio channel type; and

a link rate determination module, which k& con-
figured to: obtain the channel prediction infor-
mation at a to-be scheduling time according to
the radio channel type and the corresponding
link adaptation mode, and select a link rate
matching with the channel prediction informa-
tion at the to-be schaduling tima,
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by 35 U.5.C. 119(e) or 120, and 37 CFR 1,78,

When referring to the current application, please leave the application number blank.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number | Filing Date (YYYY-MM-DD}
a 371 of international PCTUS11060265 2011-11-10
Additional Domestic Benefit/Mational Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:
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Attorney Docket Number | 8241P054
Application Number

, . METHOD, APPARATUS, AND SYSTEM FOR CPTIMIZING PERFORMANCE OF A COMMLUNICATION LUNIT
Title of Invention | o\ s REMOTE SERVER

Application Data Sheet 37 CFR 1.76

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 118(b) and 37 CFR 1.55{(d). When priority 1s claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PLDX) the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h){1) and {2). Under the PDX program, applicant bears the ultimate
responsibility for ensunng that a copy of the foreign application is recewved by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)i1).

| Remove |
Application Number Country | Filing Date (YYYY-MM-DD) Access Code (if applicable)
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1} claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[ 18, 2013,

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

18, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices
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Attorney Docket Number | 8241P054
Application Number

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A COMMUNICATION UNIT
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Application Data Sheet 37 CFR 1.76

Title of Invention

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Fatent Office (JPQ), the Korean Intellectual Property Office (KIPOQ), the World Intellectual Property Office (WIFPO),
and any other intellectual property offices in which a foreign application claiming prionity to the instant patent application

is filed access 1o the nstant palent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EFO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application,

In accordance with 37 CFR 1.14{h){3), access will be provided lo a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims prionty under 35 U.5.C. 119{a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concemning the date of filing this Authorization,

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1
If the applicant is the inventor {or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be complated.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or mare joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

() Assignee () Legal Representative under 35U.5.C. 117 () Joint Inventor

() Person to whom the inventor is obligated to assign. () Person who shows sufficient proprietary interest
If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Mame of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Crganization check here. ]

Prefix Given Name Middle Name Family Name Suffix
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Application Data Sheet 37 CFR 1.76

Title of Invention

Mailing Address Information:

Address 1

Address 2

City State/Province
Country | Postal Code
Phone Number Fax Number
Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Informaton” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this secbon only if identification as an assignee is also desired on the

patent application publication.
If the Assignee or Non-Applicant Assignee is an Organization check here.

Organization Name

Adaptive Spectrum and Signal Alignment. Inc.

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1 333 Twin Dolphin Drive

Address 2

City Redwood City State/Province CA
Country i us Postal Code 94065
FPhone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add butten.

Signature:

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
cerifications

Signature |Usman A. Mughalf Date (YYYY-MM-DD)| 2014-05-06
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This collection of information is reguired by 37 CFR 1.76. The information is required to oblain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 US.C. 122 and 37 CFR 1.14. This
collection is estimated fo take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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 andfor suggestions for reducing this burden, should be sent 1o the Chief Information Officer, U.S. Patent and
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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 lo the requirements of the Act, please be advised that: (1) the general authority for the collecticn
of this information is 35 L.S.C. 2{b)2); (2) fumishing of the information solicited is voluntary, and (3) the principal purpose for which the information is
used by the U.5. Patent and Trademark Office is to process and/for examine your submissson related to a patent application or patent. If you do not
fumish 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 io the following routine uses:
1. The information on this form will be ireated confidentially to the extent allowed under the Freedom of Information Act {5 U.S.C. 552)

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

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

3 A record in this system of records may be disciosed, as a routine use, 1o a Member of Congress submitting a request invalving an
individual, io whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the rescard.

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 lo perform a contract Recipients of information shall be required o comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.5.C. 552a(m).

5. A record related fo an International Application filed under the Patent Cooperalion Treaty in this sysiem of records may be disclosed,
as a routing use, to the Intermational Bureau of the World Intellectual Property Organization, pursuant o the Palent Cooperation Treaty.

6. A record in this syslam of records may b disclosed, as a routine use, to another federal agency for purpmuanl‘ Malional Sﬂﬁ.ﬂ‘ﬂy
review (35 U.5.C. 181) and for review pursuant bo the Atomic Energy Act (42 U.S.C. 218(c))

T. A record from this system of records may be disclosed, as a routine use, o the Administrator, General Services, or his/her designes,
during an inspection of records conducted by GSA as part of thal agency's responsibllity to recommend improvements in records
management praclices and programs, under authority of 44 U.S.C. 2904 and 2806. Such disclosure shall be made in accordance with the
GSA regulations goveming inspection of records for this purposa, and any other relevan! (Le., GSA or Commerce) directive. Such
disclosure shall not be used 1o make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, o the public after edther publication of the application pursuant
to 35 L.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151, Further, a record may be disclosed, subject 1o 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 Bsued
patent,

a. A record from this syslem of records may be disclosed, as a routine use, o a Federal, Stale, or local law enforcement agency, if the
USPTO becomes aware of a violation or polential viclation of law or regulation,
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Wonjong RHEE

Serial No.:  NOT YET ASSIGNED Confirmation No.: Not Yet Assigned
(U.S. National Phase Filing of
PCT/US2011/060265 under 35 U.S.C. 371)

Filed: Herewith
For METHOD, APPARATUS, AND SYSTEM
FOR OPTIMIZING PERFORMANCE OF

A COMMUNICATION UNIT BY A
REMOTE SERVER

Docket No.:  #241P054

Art Unit: Not Yet Assigned

Commussioner For Patents
PO, Box 1450
Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Applicant respectfully requests that the following Preliminary Amendment be entered
prior to examination of the above-identified patent application. The Examiner is requested to

enter this amendment before calculating the fee.

I hereby cenify that this comespondence is being
deposited via LIS Web on the date belows:

Sigu2014
Dotz of Degosit

(Lisa Puccinelli )
Lisa Puccinelli
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AMENDMENTS TO THE SPECIFICATION

At page 1, ling 2, add the following:

CLAIM OF PRIORITY

[0001] This application is a U.S. National Phase
application under 35 U.5.C. § 371 of International Application No.
PCT/US2011/060265, filed November 10, 2011, entitled
“METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A
REMOTE SERVER™ the entire contents of which are incorporated
herein by reference.

Applicants respectfully submit that no new matter has been entered, and the amendments

correct and clarify the previously submitted claim of priority.
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AMENDMENT T0O THE CLAIMS:

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

application:

LISTING OF CLAIMS:

1. (Original) A method for optimizing performance of one or more communication units by
a remote server, the method comprising:
collecting data from the one or more communication units;
generating a policy, for cach of the one or more communication units, based on the
collected data; and
sending the policy to cach of the one or more communication units, wherein the
policy comprises conditions for operation of the one or more communication units, wherein

the one or more communication units implement the policy according to time-varying data.

2. (Original) The method of claim 1, wherein the policy further comprises first and second

algorithms.

3. {(Original) The method of claim 2, wherein the one or more communication units are
opcrable to receive the policy and implement one of the first and sccond algorithms bascd

on the conditions,

4. (Original) The method of ¢laim 1, wherein the time-varying data compriscs location
information, current time, and/or operational data of the one or more communication

units.

5. (Original) The method of ¢laim 1, wherein the one or more communication units are
operable to receive the policy and implement one of first and second algorithms based on
the conditions, wherein the first and second algorithms previously existed in the one or

more communication units,

6. (Original) The method of claim 1, wherein generating the policy comprises:

Attorney Docket No.: 8241P054
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generating a pscudo-code or code for an adaption algorithm to be executed on the one

or more communication units.

7. {Original) The method of claim 1, wherein collecting data from the one or more

communication units is performed periodically,

8. (Original) The method of claim 1, wherein the one or more communication units
compriscs at lcast one of
an access point (AP);
a base station;
a wircless 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 wircless femtocell base station;
a wireless WiFi compatible base station;
a wireless mobile device repeater;
a wireless mobile device base station:
a sel-top box (STB) set-top unit (STU) customer electronics device;
an Intemet 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;
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an Ethernet connected router;
an Ethernet connected wireless bridge:
an Ethernet connected network bridge; and

an Ethernet connected network switch.

9. (Original) The method of claim 1, wherein the conditions specify the characteristics of
real-time and historical operational data for the one or more communication units to

select and apply a most desired adaptation algorithm,

10. (Original) A machine-readable storage medium having computer executable instructions
stored thercon that when exccuted cause a processor of a remote server to perform a
method for optimizing performance of one or more communication units by the remote
server, the method comprising:

collecting data from the one or more communication units;

generating a policy, for each of the one or more communication units, based on
the collected data; and

sending the policy to each of the one or more communication units, wherein the
policy comprises conditions for operation of the one or more communication units,
wherein the one or more communication units implement the policy according to time-

varying data.

11. (Original) The machine-readable storage medium of claim 10, wherein the policy further

comprises first and second algorithms,

12, (Original) The machine-readable storage medium of ¢laim 11, whergin the one or more
communication units are operable to receive the policy and implement one of the first and

second algorithms based on the conditions.

13, (Original) The machine-readable storage medium of claim 10, wherein the time-varying
data comprises location information, current time, and/or operational data of the one or

more communication units.
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14, (Original) The machine-readable storage medium of ¢laim 10, wherein the onc or morc
communication units are operable to receive the policy and implement one of first and
second algorithms based on the conditions, wherein the first and second algorithms

previously existed in the one or more communication units,

15, (Original) The machine-readable storage medium of c¢laim 10, wherein generating the
policy comprises:
generating a pseudo-code or code for an adaption algorithm to be executed on the

One or more communication units.

16, (Original) The maching-readable storage medium of ¢laim 10, wherein the conditions
specify the characteristics of real-time and historical operational data for the one or more

communication units to select and apply a most desired adaptation algorithm.

17. =33, (Cancelled)

34, {Original) An apparatus comprising:

a memory; and
a processor, coupled to the memory, and operable to:

analyze data from one or more communication units;

generate a policy, for cach of the one or more communication units, based on
the collected data; and

send the policy to each of the one or more communication units, wherein the
policy comprises conditions for operation of the one or more communication units,
wherein the one or more communication units implement the policy according to

time-varying data.

33, (Original) The apparatus of claim 34, wherein the policy further comprises first and

second algorithms,

36. (Original) The apparatus of claim 35, wherein the one or more communication units are

operable to receive the policy and implement one of the first and second algorithms based
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on the conditions.

37. (Original) The apparatus of claim 34, wherein the one or more communication units are
operable to receive the policy and implement one of the first and second algorithms based

on the conditions and the time-varying data,

3. -52 (Cancelled )
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REMARKS
Specification is amended to provide claim of priority. Claims 17-33 and claims 38-52 are

cancelled without prejudice. Claims 1-16 and 34-37 are pending. Applicants submit that no new

matter has been added.

CoNCLUSION
The Commissioner is authorized to charge or eredit any deficiencies or overpayments in

connection with this submission to Deposit Account No, 02-2666, and is requested to notify us

of same.
Respectfully submitted,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN. LLP
5/6/2014 /Usman A. Mughal/
Date Usman A. Mughal

Reg. No. 62,887

1279 Oakmead Parkway
Sunnyvale, CA 94085-4040
Telephone: 503-439-8778
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METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE

OF A CoMMunicATION Unir By A REMOTE SERVER

FiELD O THE INVENTION
[EHHEY Embodiments of the invention relate generally to the field of
communication systems, Mowe particularty, embodiments of the invention relate to
method, apparatas, and systermn for optimizing performanee of o communication unit
by a remete sepver,

BACKGROUND

LEH ] Fig. 1 is an exemplary prior art communmcation syvstem {CS) H0 with
an aecess point (AP 1 and one or more wireless stations 1025, The AP {81
exchanges user data with the one or more stations 102y over wireless channels
indicated by the wrows, The characterisiics of the wireless channels and
nofsefinterference are not constant and vary rapidly over time. For example, noise
and interference lovels from pearby acisefinrerference sources rapidly changes tha
cause the characterisiics of the wireless enviromment to change. To cope with such
rapid changes in the noise and interference levels, the CS 100 adapts ransmission
strategies wenhance performance of 8 100, One such known strategy is
Addaptation Algorithm, The term “Adaptation Adgorithm™ herein refers 1o tme-
varving and envirenment-Change-dependent iransmission or control strategies for a
CS. The adopuion algorvithm is implemented in the AP 101 that adapis the wireless
channels and noisedinterference for communication with the one or more stations
1023 .

HEE] ] For instance, the ransmission rate of Institute of Electrical and
Electromics Engineer (IEEE) 802.1 g standard based Wil commumication svstem 15
rapidiy adapted between SMbps and 34Mbps depending on the Bak quality and the
rate selection method (also known as the rate adaptation al gorithm) implemented in
the Wil conpnunication system,  Sech rate adaptation algorithm within the Wik
communication system uses real-time data that ae coliected by the AP 107 of the
WO commuonication system Bself as an baput to the adapiation algorithm 103, and a
rate change in the liok ocowrs when the real-time doka meets a pre-defined criteria
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{HEHEEY A possible e adaplation algorithm 133 is to change transmission
rate of signals by the AP 1 within the WiFi communication system when the
measured BS5T (Receved Signad Strength Indication) becomes oo large of oo
smati for the current rate in use. Another possible adaptation algotithm 103 isto
increase the ransmission rate of signals by the AP 10 whenever packets are
successinliv received by the AP 161 and/or the one or move stations 102, for M
feg. 3 dmes and decrease rate whenever packets are unsuccessfully received for P
ie.g., 23 times. While such adaplation algorithms 103 are required tor Wiki
COMmMuUIICAon systeins w fupction properiy, the reles and theesholds wsed by the
miethods are decided by a system desigoer of the WiFi commumcation system,
Furthermare, 4 specitic adaptation algorithm 103 15 included io the Yfomware and
Ipaded to the Wik commremication svstem.  Hence, the adaption algorithm 103 is
SEALIC T nature.

[EHHIST Therefore, the actual performance of the rate adaptation aleorithm
103 is dependent on the assumptions made by the designer of the WiFi
comprunication svstenn, These assumptions may be statie asswmptions that do aot
change over dme, The designer’s assomptions, however, may be quire different
from the actual operations) environments and the WiFi communication system 1
may suffer from Tow performance due t nof-ideal design of the static adapiation
algorbun 103,

[iHHM The impact of such differences in the assurnptions con be significam
in a large-scale deploveent where many commumication devices, such as APs,
independentdy operate. In such a deplovment, every single commnitication
enviropment is wnigue and (e best adapiation methed for cach environment can be
guite dependent on s own environment.

Brivy DEsCRIPTION OF THE DRAWINGS

[IHHIT T Embodiments of the nvention will be understood meore fully from

the detailed description given below and from the accompanying drawings of
vanous embodiments of the invention, which, however, shoold not be taken 1o lanit
the invention to the specific embodiments, but are For explanation and

understanding ondy.

o5 ]
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o8} Fig, T is a high level system of a typical communication system
using o static adaptive algorithm,

[o0ae] Fig. 2 is a system for optimizing performance of & Wil
commurication system by a remote server, acconding to one embodiment of the
ipvention,

iR Fig. 3 is a system for optimizing performance of 3 Digital Subscriber
Line (1351 communication svatern by & remote server, according o one
embodiment of the invention.

G011} Fig. 4 is 2 method performed by a remoete server For optimizing
performance of the communication systerm by the remole server, accoding o one
embodiment of the invention.

L1 | Fig. 8 is o method performed by the communication systers for
optimizing performance of the commumnication system by the remote server,
according o one embodiment of the invention.

{00131 Fig, 6 is a processor-based sysiem having machine-readabie storage
mediam with computer execoiable instructions for optimizing performance of the

comprumication system by the semote server, according to one embodiment of the

fmvention,
SUMMARY OF THE INVENTION
[ The fodiowing presenis a simphlied summary of the embodiments of

the invention in order to provide a basic understanding of some aspects of the
embodiments. This summary is not an extensive overview of the embodiments of
the invention, §ix intended 1o neither identify key or critical elements of the
embodirpents nor delineate the scope of the embodiments. Its sole parpose s
present some concepts of the embodiments of the invention in a simphified form as s
prefude to the more detailed description that is presented later.

[} 51 Embodiments of the nvention relate 10 pethod, apparatus, and
system For optimizing performance of a communication unit by a remote server, In
one embodiment, the method for opfimizing performance of one of more
communication units by a remote server, compnises: collecting data from the one or
mone communication units; generating a policy, for each of the one or more

commumcation anits, based on the collected data; and sending the policy 1 each of

K
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the one or more communication uniis, wherein the policy comprises conditions for
operation of the one or more comepunication units, wherein the one or more
communication units implement the policy according to time-varying data,

6] In one ensbodiment, the system includes a machine-readable storage
moedivm having computer execniable instructions stored thereon that when execnied
cadse a processor of 2 remote server o perform the method for oprimizing
performance of one or more comanimeation wnits by the remote server,

(W1 7] In one embodiment, the communications system comprises a Wik
Acvcess Point or a Dhgiiad Subscriber Line Access Multiplexer (DSLAM]) to perfom
a miethod for optimizing performunce of one or mere communicaiion unils coupled
wy the Wik Access Point or the DSLAM. In one such embodiment, the method
comprses: sending dats Fronm ong or more commmmcetion units 10 3 remee server;
receiving & policy from the remote server, wherein the policy comprises conditions
for operation of the one or more communicanion upits; sud executing the policy by
implementing one of first and second algorithms based on the conditions and time-
varying data.

[B018] o one embodiment, the system includes 3 muchine-readable storage
medium having compuoter executable instructions stoved thereon that, when
exccuied, couse a processor, of the Wik Access Poiod o the DSLAM. 1 perform
the method for optimizing perfonmance of one oF MOFe CoOMmEHealion uity
discassed above.

[ 9] i ome erohodiment, the apparatus comprises: o memory: and a
processor, coupled to the memory. and operabile to: analyee data from one o more
compenication anits: generate a policy, for cach of the one or more communication
units, based on the collected data; and send the polioy to each of the one or more
commumication units, wherein the policy comprises conditions for operation of the
GIE OF More comnunication units, whereln the ope or more conmmunication unils
implement the policy sevonding to time-varying data.

[iH324] in one embodirent, the systom comprises: ong or mone
communication snits; and a server operable o communicate with the one or more
compurmcarion wnits, wherein the server comprises: 3 memory; and a processor,

coupled w the memory. and operable tor analyze duta from the one or more

&
“&
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communication units; generaie a policy, for each of the one or more communication
units, based on the collected dmta; and send the policy to cach of the one or more
communication units, wherein the policy comprises conditions for operation of the
one OF one commumication units, wherein the one of more communication units
implement the policy acconding to time-varying data.

[EHI21} In one ernbodiment. the compmumicarion anit comprises: a wansmitter
to send dati to 3 remote server: a receiver to receive @ pelioy from the remote
server, wherein the policy comprises conditions for operation of the communication
afrity and a processor o execoie the policy by implementing one of first and second
algorithms based on the conditions and time-varying duts.

022} The embodiments of the invention are not limited to DSL or Wik
communicaton sysiems of the examples and embodiments above, but apply o any
eommunication sysiem that needs to vunfexecute adaptation algorithms (also called
algorithms) to cope with real-thme variations in ink channel, noise, interference, and
other factors that affect the communication performance. The policy generated by
the: remote server can be o result of analyzing hundreds {or even millions) of
stmharly situated comuounication units, or any othber expert knowledge made
available 1o the remote server. Generallv, a communication nnit does not hove the
processing power, storage space, oF access to large amounds of dota fo generate the
best palicy to achieve optima! performance efficiency. Furthenmore, o
communication wnit typically does not bave access 1o histodeal dota pelated 1o
communications with other stations, Additionally, communication units may lose
history data when there is power outage o user-inidated power eveling. The remote
server resolves the above problems and provides ap optimun pelicy for the
commnmication wnits to ase that can be based on analvsis of a large amount of
operational data of the communication units and other similarly situated
communication units or any uther expert knowledge.

[tHI23] While the summary of the invention bas been described in
conjunction with specific embaodiments thereof, many altemnatives, modifications
and variations of such embodiments will be apparent (o those of ordinary skill in the

art in fight of the following description. The embodiments of the invention are
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intended 1o embrace ol such alternatives, modifications, ond variations as to fall
within the broad seope of the appended Claims,

o024} The following description and the annexed drawings set forth in
detail certain ithustrative aspects of the embodiments of the invention. These
aspects, however, are only indicative of the various ways in which the principies of
the embodiments of the invention may be emploved. The embodiments of the
invention are intended 1o embrace all equivalents in the form of altermatives,
modifications, and variations that fall within the broad scope of the appended
claims, Other advamtages and novel features of the embodiments of the invention
will become apparent from the following detailed description of the embodiments of
the invention when considered in conjunction with the drawings,

Brraiien DEsCrRIPFTioN

2S5 Embodiments of the Inventdon relate 1o method, appararas, and
system for optimizing performance of a communiention unit by 2 remaole server. As
mentioned in the background section, the actual performance of the commuemication
attit conld be dependent on the assumptions made by the designer of the
compumeation systern, Inone example, a3 provided in the background section, the
actual performance of the WiFi rate adaptation algorithin is dependent on the
assumptions made by the designer of the WiF: conmonication system. Thuese
avsumptions may be satic assempiions that do not change over tioee. The
destener’s assomptions, however, may be guite different from the actoal operational
environments and & WiF: commuanication system might soffer from fow
performance doee (o son-ideal design of the adaptation algorithm,

[4026] To overcome the above problem, the embodiments herein describe a
miethod, system and apparatus that analvzes weal-time and history of operational data
related 1o 8 communication system and provides rules and conditiony for the
communication sysiem (o improve its pecformance. The rules and condinons
specify the characteristics of the real-time and bistorical operational data such that
the cormmunication unif can select and ose the most desired adaptation algorithm to
ase. in one embodiraens, & remode server {also called an optimization center) is
operable to collect and process large amownnts of data refated 10 the communication

systern nad determine niles and conditions for the commuanication system that will
4
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improve the performance of the communieation system. In one embodinment, the
rernote server collects data periodically and provides updated rules and conditions
periodically for the commumication system to adapt so that i may improve its
performance. The embodiments herein are not limited to o communication system
but can be used for any type of commumicabion system that needs to be updated ovey
thme o improve its performance to chanzing environments,

27y The term “performance” heredn refors o o combination of factors
including data cate. throughpet, power consumption. power, error rate, latency,
Jitter, ¢te, dmproving perfonmance of the communication syvstern includes increasing
data rate, throughpot, seduoeing error rate and latency, improvieg jitter, power
consumption, etc for the communicating system,

[iHI2R] The technical effect of the embodiments discussed herein is the
imgrovemnent of parformance of 3 commanication system te.g. WiFL Digital
Subscriber Line (DS, ete) by providing the commumention svstern with rufes and
conditions that were previoushy not conceivable by the communication system due
o Jack of information and processing povwer needed 10 generate the rules and
conditions. o one emboediment, o dedieated server talve seferred as “remote
server” or “optimization center™) may be used to collect operational data refated 1o
the communication system, where the operational data may not be accessible or
siorable by the communication sy<tem Weell {v.o., data from other comimunication
uits or obd dats that canaot be stored due (0 memory Hmitations) process the
operptional data and provide rales and conditions that when adapted by the
comnmurieation system causes the performance of the commusication system 1o
nprove,

[e020] For example., the remote server is operable w perform a statistical
avalyais of hundreds (or even millions)y of communication systems warking ina
strnilar envircament as the communication system of interest, In one embodiment,
the remote server is operable 1o indicate 0 the commupicaion system of interest
how i can improve #s overal] parformance, for example, by aggressively choosing
higher transpmssion rates as opposed (o comservatively choosing lower transmission

AT,
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fa030] i one embodiment, when the Wik conumunication system has the
capability to decode and execute a pre-defined pseudo-code, the remote server can
consider many more algorithms that are known to it and send the roles andfor
conditions for the algorithm 10 be used by communication units. For example, the
remote server develops a pseudo-code for the commumication unit 10 exacuie <o that
ity improve its commumcation performance.  In one embodiment, the pseudo-
code is stored in the memory of the communication anit, example memory of an
Access Point, The pseuda-code may be coded in any software coding language that
is gaecutable by the commumication wnit, example by a processor of the Access
Point, In one embodiment, as the remete server becomes aware of newer and better
algorithms, it enforces some of the commumication systems (0 use one of them by
sending a proper pseedo. code 1o the commumeation onits of the communication
Aysiem,

[iHI3EY o the following deseription, nomerous detals are discussed o
provide a more thorough explanation of embodiments of the present invention. It
will be apparent, however, w0 one skilfed in the art, that embodiments of the present
invention may be practiced without these specific detuils, In other nstances, well-
Enown stroctures and devices are shown in block diagram fonmn, rather than in
detail, in order to avoid obscuring embodiments of the present invention,

[EE32) Note that in the comesponding drawings of the ermbodiments. signals
are represented with lings, Some Hoes may be thicker, o indicake more constiiuent
signal paths, andfor have srrows ot one or more ends, o indicate primary
information flow divection. Such indications are not intended to be Honiting,
Rather, the lines are used in conpection with one or more esamplary embodbments
o faciiitare easier understanding of a circnit or @ logical anit. Any represented
signal, as dictated by design needs or preferences, may actually comprise one or
more signals that may travel in either direction and may be implemented with any
suitable type of signal schems,

[1H333] in the following description and claims, the ferm “coupled” and its
denvatives may be used, The term “coupled” herein refors (0 two or more elements

which are in direct comtact {physically, electricaliv, magneticaily, optically, e,

o
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The term “coupled”™ herein may also refer to two or more elements that are pot in
divect contact with cach other, but 581 cooperate or interact with each other,
(G034} As used herein, unless otherwise specified the use of the ardinal

LLT

adjectives “first,” "second,” and “third,” ete., to deseribe a common object, merely
indicate that different instances of like objects are being referved o, and are not
inended w imply that the obleets so described poast be in 3 given sequence, either
wemparaily, spatally, i ranking or i any other manner,

[0035] Fig. 2 is a system 220 for optimizing performance of a Wil
commumication systein 200 by a remote server 204, according 10 one crabodinient
of the invention. In one embodiment, the communication systemn 200 is similar o
the communication system of Fig, 1, but is operable to commumicate with the
remote server 204 (interchanweably referred 1o as an optisuzation center ). In one
eimbodiment, the WiFL communication system 200 inclodes an Access Point {AP)
201 which comprives o processor 200, memoery 2140, and an adaptaton algorithm
203 {(which may be stored in the memory 2HDL In one embodiment, the AP 201 is
operable to communicate with one or more stations 202, ., where N s an integer
equal w or greater than 1, by Wils signals 211, 5. The term “adaptation al gorithm”™
is imerchangeably refereed to as “algorithm.”

{336} While the embodiment of Fig. 2 illustrates a WiFi communication
system 200 with a single AP 201 mudtiple APs may be used in the WiF
communicaton sysem 200 which are operabie to communicate with the remote
server 204 via the Communication Channed 208, In the embodiments discussed
herein the remote server 20445 sot part of the commumication systern 200, In such
ant exnbodiment, the commumcation channel may be one oft the Intemet. a TR-CO9
{Technical Report 8695 compatible communications protocol: o Transmission
Control Protocol/intemet Protocol (TUPAP) communications protocel: a Simple
Network Management Protovol (SNMP} communications protocol: an cut-of -band
telephone Yine protocol; a Digital Subscriber Line Ethernet over Coax (DS EOC)
communications profocod; a cable control channed communications peotocol; g
powerline control channel communications protoce]; a Command Line protocol

(CLT: via a wireless device: or via a mobile device,

W
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[6037] i one embodiment, the logic anit representing AP 201 and/or the
stations 2002 can be at least one of the following commuonication units: a base
station; o wireless Local Area Network (LAN] device: a DSLAM: o gateway; o
performance enhancement device; a Digital Subscriber Line (DSE) Customer
Premises BEquipment (CPE) modem; an in-home powerline device; a Home
Phoneline Network Alliance (tHPNA) based device; an n-home coux disoribution
device: 1 Guhin (Global Home Networking Standand) compatible device: an in-home
metering communication device: an in-home appliance communicatively interfaced
with the LAN; g wircless femtoced] base station; o wireless WikFi compatible base
station: o wireless mobile device repeater: a wireless mobile device base station; 2
ser-top box (STBRWset-top unit ISTU) customer electronics device: an Internet
Protocol (1P} enabied television; an [P enabled media plaver; an (P enabled gaming
console: an Ethernet gareway: a computing device conmected 1o the LAN: an
Fthernet connected computer peripheral device: an Ethernet connected romer an
Ethernet connecied wireless bridge: an Ethernet connected network bridge: and an
Ethernet connected network switch,

(00351 o one embodiment, the remote server 204 14 operable to
comymrpeare with the AP 201 andfor with any or all of the stafions 202, 5 via the
communication Channel 208, In one embodiment the remote server 204 is a cloud
server. Inone embodiment, the remote server 204 comprises a processor 206,
which may be one o more processors, a memory 207 for storing processor
exceptable Instructions, and 2 database 203 to manage dats velated 1o the
communication system 200,

39} I one embodiment, the remote server 204 performs a method for
optimizing performance of one or more communication units including the AP 201
areed the stagens 202+, In one embodiment, the remote server 204 15 operable o
collect data from the ope or more communicadion units (AP 281 andfor the stations
202100 I ene embodiment, the remote server 204 periodically collects daka from
the one o mere commuanication wis. The wom “periedicall v herein refers w

regulnr intervals e ., once a day, moming and evening of every day. etc,

o3
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LHERE in one embodiment, the remote server 204 s operable to generate g
policy, for cach of the one or inere communication units (AP 207 and/or the stations
2024y 1 based on the collected data. In one embodiment, the remoie server 204 is
operable to transmit/send the policy o each of the one or more communication units
(AP 201 andVor the stations 2020, The policy generated by the remote server 2{4
is & result of anabveing hundreds {or even miliions} of similarly situated
commumication wits. Generally, an AP does not have the processing power,
storage space, or access 10 large amounis of data 10 generate the best policy 1o
achieve optimal performance efficiency. Furthermore, an AP does not have access
to histosical data elated to communication with other stations. Additionathy, APs
may lose data when there i power outage or user-initiated power eycling, The
remmove sarver 204 resoives the above problems and provides an optimum poliey for
the AP 201 to use based on analysis of large amount of operational data of the
commurnication system 200 and other similarly situated communication sysiems,
[o041} Examples of simitarky sitoated communicanon systems include
communicatons systems having simijar commuonication wits, For examplie, an AP
with same power, speed, and brand, and operating with simibar (.o within 1%
mumber of stations. Similardy sitated communication svaterns also fnchede
cotmtnieations systems n different peographical areas.

D042} In ome eonbodiment, the remote server 204 transmits/sends the policy
w each of the ene or more commenication units (AP 201 andfor the stations 202,00
penodically. For example. the remote server 208 may transmit'send the poliey to
cach of the one or more commanication units (AP 201 and/or the stations 2024
when the bandwidth usage of the AP 201 is low {e.g., the AP 201 is operating Jess
than 3% of Hs capacity fo serve communication unils) so that Bt may implement the
newe policy sent by the rermote server 204,

fond43) In one embodiment, the policy comprises rules andfor conditions for
aperation of e one or more communication units (AP 201 andfor the stations 202,
s Forexample, the policy comprizes first and second aigorithms for adapting the
AP 201 to improve its performance. B one erabodimaent, the one or more

vommurication uiits (AP 201 and/or the stations 202, x) implement the policy

1
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aeconding o time-varying data. In one embodiment, the Hime-varying data
comprises lecation information. current thime, and operational data of the one or
more communication uniis (AP 201 andfor the sations 202050 In one
embodiment. the location information is determined from a Global Positioning
Swstem (GPS) device or setup. The embodiments hervein are nol Himited to two
algorithms, but any number of algorithms may be used,

IR EY] in one embodiment, the communication unit (AP 201 andior the
stations 202y p0 comprises 2 transmitter 10 send data o the remote scrver 2045 a
reociver o receive a policy from the remoie server 2041 and a processor to execute
the policy by implementing one of first and second aigorithms based oo the
comditions and tme-varyving data. The communication units generally do pot have
the capability in ferms of processing resources, access to historical operational data,
aecess to operational data of ether similady sinated communication units, ete.
Therefore, the prior an commmuonication units cannot wse such information for
improving their performance. The ransmitter discussed above provides data 1o a
cemtral focation, Le. the remoete server 204, that has the capability i wrms of
processing resources, socess o historical operational data, secess to operationad dats
of other similorly sitpated communication units, efe, so that iF may use such
informsation generate rales and conditions For operating the contmunication units
with enhanced performance. These rules and conditions were previously nod
conceivable by the communication system {e.g.. communication system of Fig, 1}
due o fack of information and processing power peeded to penerate the rules and
conditions,  The remote server 204, after computing the rules and conditions,
prisvides the rules and conditions to the processors of the communication uniis,
wherein the processors executes their respective policies by implementing one of
first and second algorithms based on the rules andfor conditions and tme-varying
data,

[0045] in ope embodiment, the one oy more conmunication wntts (AP 2(1H
andfor the stations 202, x) are operable o receive the policy along with one of the
first and second algorithms based on the conditions and/or the time-varving data,
wherein the Hrst and second alaorithms did not exist in the one or more

1A
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communication units (AP 201 andfor the stations 202y ) prior 1o being provided by
the remove server 204, Tn such an embodiment, the remote server 204 installs o
sew algorithm 203 in the AP 201, where the new algorithm is executed by the
processor 209 of the AP 201.

[B046] in one embodiment, the one or 1more commounication units (AP 201
andfor the stations 202, n) are eperable o receive the policy and buplement one of
first and second alzorithims based on the role andfor conditions and/or the time-
varying data, wherein the first and second aigorithms previously existed in the one
oF mote commumication anits (AP 201 andfor the stations 262 50, b such an
emhodiment. the remote server provides recommendations to the communication
units (AP 201 andfor the stations 2072; 4 w0 use either the first or second algorithm
5o the comumunication system 200 may nprove Bs performanee,

[047] The conditions may inciude at least one of: choice of selecting one of
the first o second algorithms based on current SNIR (Signad to Noise and
nterference Ratio); choice of selecing one of the Nest or second algonithms based
on carrent tme: choice of selecting one of the first or second algorithms based on
operational data of the one or more communication oaits: and cholce of selecting
one of the frst or second algorithms based on loeation information. In other
embodiments. other conditions may be used in conjunction or absence to the above
Histed conditions. The riles may Include equations. when executed in the
algorithms, will change how the conditions are evaluated by the algorithms.
[H8] In one eonbodiment, the remote server 204 generates the policy by
performing analvsis on the collected daw, wherein the coltected data comprises
operafional infvrrnation and historical data ubout each of the one or more
communication enits. In one embodiment. the remote server 204 applies the
analysis 0 generate conditions for swhen (o implement one of the first and second
glgorithms. In one embodiment, the remote server 204 generates the policy by
generating a pseudo-code or code for an adaption algorithm to be executed on the
one oF more conmanication wmis (AP MH andior the stations 202 »)

OIS In one embodiment, the fins algorithm comprises; monitoring

received signal streagth indication (R8S1); and adapting o data rate according o a

13
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mapping of the KESE from a lockup table. In one embodiment, the second
algorithm comprises: counting a frst number of consecutive successiul
transmissions from the one or more commumeation units to other communication
untits; counting o second mumber of consecutive failed transmissions from the one or
more communication units (0 olher commumicabion units; adjusting a data rate when
the first number exceeds o first threshold: and adjusting the wansfer rate when the
second pumber exceeds o second threshold, In other embodiments, other slgorithms
miay be vsed for first and second algorithms,

[B050] The following ix an exemplary embodiment showing the process of
determining an opticusm algorithe by the remote server 2I4L Tn one embodiment,
the remede server 204 selects one of the fist or second algonthms for the
communication units (AP 201 and/or the stations 2024 5 1o schieve optimul
performance efficiency for the commumication system 200, In one embodiment,
tirst aigorithm determines data transmission rates for the communication units based
ot B8S1 while the second algorithim determines data transmivsion rates based o a
aumber of consecutive successiul wansmissions and on a number of Consecutive
failed transmissions. As mentioned above, 1n one embodiment, the communication
wirits (AP 201 andfor the stations 202, s bave the first and second algorithms
previousty stored, but do not know which algorithm is more efficiency for the
communication system 200, In such an embodinent, the remote server 204
provides recommendations o the communication unils aboot which algorithm o
use.

foast In one embodiment, 10 the finst algorithm the communicaton unis
(AP 207 andior the stations 202, &) monitor the RESE in real-time and adaps their
wansmission rates according w the Insantaneous REST valise wsing 2 mapping wble

{Table 1V as shown below,

| “S2dBm oor below | 6Mbps
~02dBrm~-S0dBm | 9Mbps
AldBo--28dBm | 12Mbps
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| -FRdBm--86dBm | 18Mbps
86dBm~-84dBm | 24Mbps
RidBmo-§3dBm | 36Mbps
B2dBm--80dBm | 48Mbps

-B0dBm or above | 34Mbps

Fabie b S5 o rate mapping Tor Brst algorithm

[s2] Table 1 s only shown as an example and & persan skilled in the ant
world realize that the commmnication enits may use different rates for different
RSSY values other than the ones shown above,

FEH33] in one embodiment, the second nlgoerithm for the comamuenication
units (AP 201 and/or the stations 202, a5 uses o higher data rate after K deg., 10}
consecutive sucoessiul tansmissions, and vses o dower data rate after M {eg., B
consecutive failed transmiissions. In one embodiment, the communication units (AP
201 andfor the stations 202 ) provide to the remove server 04 operational data
including RSSE SNER, rate vsed for transmitting o packet, corresponding result on
successtul packet delivery, and other relevant data collected io real-time, In one
embodiment. conmonication units (AP 201 and/or the statons 202,50 may
aceamulate sich dala within the commmmication vaits (AP 201 andfor the stations
202 ) and then send the secumolnted data o the remote server 204, In one
embodiment. the data vansmitted o the remote server 204 s non-real-time data
becanse if 12 sent after some thme fe.g.. end of the day),

[fs4] in one embodiment, the remote server 204 stores such data 1 s
database 205 and performs a foll analysis based on all the stored data and any other
knowledge available at the reoote server 204, In one embodiment, the other
knowledge includes similar statstics, as those provided by the communication units
(AP 201 andfor the stations 202 w1 to the remote server 204, from other similar
communication units in other similar geographical Tocalities,

[0055] in one embodiment, the remote server 204 determines the presence
of intermittent high-power interference from other near-by Wik systems, When
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other Wik high-power packets collide with the communication system 2007
packet, the packet i lost rezardless of the rate selection. In one embodiment, the
remote server 2{4 determines that other noise or interference is never ohserved for
the communication system 200, and concludes that it is best to adapt rates for the
communication units {AF 2 andfor the stations 202 0 as a Tunction of channgd
strength, or KSSE onty. 1o such an embodiment, the remote server 204 sends a
conirol signal to commanication units (AP 201 and/or the sations 202, asking the
commuanication units (AP 2H andior the stations 2025 ) to use the first algorithm
all the time instead of the second algorithm.

(sG] In one embodiment, the remote server 204 determines that thene is no
migh-power Wikl interference at all, but channel changes faster than typical state
idoor wireless channed (possibly due to people moving around the AP 2008 For
example, the chamel variation teods o be faster between noon and midnight. 1o
such an emnbodiment. the remote server 204 concludes that 5 s best to use the
second algorithm instead of the first algerithm by the communicaton unies (AP 241
andfor the stations 202, N In one embodiment, the remote server 204 may
determine optinaurm values for K and M to be used by the communication units (AP
207 andior the stations 2025 in different thmes of the day, Por exumple. K=10
areed M1 between noon and midoight: and K=20 and M=2 between midnight and
0L,

(57 v one embodiment, the remote server 204 sends a control signal 1o
communicaiion units (AP 20 anddor the stations 202 ) asking communication
units AR 2601 andfor the stations 202+ o use the second algonithm with the
optimized K and M values depending on time in the dayv. In case the Wi
communication system 200 is not capable of changing the values of K and Mas a
function of tme, the remote server 204 can send two control signals per day, one o
noon and another at midmght.

[1HI38] in one embodiment, when the Wil communication system 200 has
the capahility 1o decode and execute a pre-defined pseude-code, the remote server
204 can comsider many more algorithms tha are known w10 and send the reles

andfor conditions for the algorithm 1o be used by communication units (AP 201
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andfor the stations 20250, In one embodiment, the remote server 204 develops a
pseado-code for the commuonication unit 1 execote so that it may improve iy
commmunication perfonmance.  In one embodiment, the peeudo-code is stored in the
memory of the communication unit, example memary 2140 of the AP 201, The
pseudo-code may be coded in any software coding lanpuage that is executable by
the communization unit, example by the processor 200 of the AP 201, In one
embodiment, as the remole server 204 becomes aware of newer and beiter
algorithums, # enforces some of the communication sysigms (o use one of them by
sending a proper pseudo-gode o the communication anits (AP 207 and/or the
stations 202; 0 of the communication system 244,

[B59] Fig. 3 is a system 320 for optimizing perdformance of a Digind
Subscriber Line (DSL) communication system 300 by the remote server 204,
according to one embodiment of the invention, The embodiment of Fig, 3 is similar
o the emboediment of Fig. 2 1o concept. but applicable for DSL systems, The
embodiments of the invention are nol Hmied to D51 or Wik communication
sysioms, bat apply 1o any communication system that needs 1o ren/exeente
sdaptation alzorithms (also called alzorithms: to cope with real-time variations in
link channel, noise, interference. and other Tactors that affect communication
performance.

({066} I one embodiment, the DSL commumication systern 320 comprises
a Digital Sebseriber Line Access Multiplexer (DSEAN) 301 that connecds o one of
more Customer Premises Egelprment tCPEs; 302, » by means of DSL slgnals 304,
w, where N s an integer equal to or greater than | In one embodiment. the remote
server 204 performs @ method for optimizing performance of the one or more
communication units including the DSLAM 3 and the CPEs 302 1w In one
embadiment, the remate server 204 s operable w collect operational data from the
ane or more communication onits (DSLAM 301 andfor the OPE 302, 5). Inone
embodiment, the remote server 204 periodically coliects operational data from the
OIS OF MOE comimunication anits.

fonoi] in one embodiment, the operational data collected by the remote

server 204 includes at least one of: band preference indication; margin cap mode
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A |

Charter Communications, Inc.
Exhibit 1008
Page #2041



WO 2003070232 POTHS L6205

indication: indication that margin per lone shouvld be kept smaller than the maximum
SNR (Signal 10 Noise Ratio} marein: service priorities pertaining to net data rawe;
service prioviiies perlaining 10 €Xoess Marging service priorities periaining o excess
margin per tone: service priovities pertaining to delay: service priorities pertaining to
imnpulse nose profection; indication of loading elgorithms used with a st DSL
systenn: indication of power allocarion algorithms wsed with the first DSL svsteny,
ki ataisbie dare ratey carvent data rate margin channel attenuation per
tone, average attenuation; guict line notse per tone; active line notse per tone: SNR
per tone; ransmitted P51 per tone: downstream power back-off shaped parametens
(DPBOSHAPEDY upstrears power back-off shaped paramelers (UPBOSHAPED ;
echo response; band preference; margin cap mode; Forward Ervor Correction (FEC)
connt: code violation connt: ervored seconds: severely ernred seconds; pumber of
refraining count; current delay; error distributions: current impulse mowse protection;
or FEC and interfeaving parameters, The above Bsted operational data is not an
exclusive list, More operational dota may De wsed by the remote server 204 10
compute rules and/or conditions Tor the communication vaits,

(00621 I one embodiment, the remote server 204 collects configuistion
parameters associated with the one or more conmmunication units, The
configuration parameters include af least one of! maximuem pominal power specieal
deasity {MAXNOMPSEY; maxionen nominal aggregate transotid power
(MAXNNOMATP Y power cuthack (FUR Y DPBOSHAPED: UPBOSHAPED: fine
paing; ai; wansat spectral sealing Factors: 1841; power spectral density oask
(PSDMASK : power specteal density level; maximuem received power

(VA XRXPW R ) wpstream power “back-oft™ pargmeters (UPBORLE ; marein cap
miode; carrier mask {CARMASK ;2 minimuom impulse noise protection {MININPY,
maximum delay IMAXDELAY p: target margin {TARSNRM); minimurn SNR
margin (MINSNEMy macimem SNE margin (MAXSNRM Y band preference
mebication (PREFBAND ) mrget data rate; minimum daia rate; maximom data rete;
FEC and interleaving parameters; per tone bit cap (BOAP a1 per tone target
margin {TARSNRM{n] . refovence noise (REFNOISE) The above listed

copfigurarion parameters is not an exclesive Hist, More configurntion parsineters
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may be used by the remole sorver 204 10 compute rules and/or conditions for the
communicatiion enits,

[B063] As discussed with reference 1o Fig, 2. the remote server 204 of Fig, 3
is operable 1o generate 2 policy, for each of the one or move conmunication urits
(DSLAM 38 andfor the stations 32 x4, based on the collcoted operational data,
sccording to one embodiment. 1o one embodiment, the remote server 204 4
operable to transmivsend the policy to sach of the one o more commuopication units
(DSLAM 3 and/or the OVPE 3025 ). The policy generated by the remaote server
264 15 g result of analveing hundreds (or even milfions of similarly sinated
ecommunication units. The DSLAM 301 does not have the processing power,
stoage space, oF aceess to large amoeunts of data w generate the best policy to
achieve: aptimal performance efficiescy, Furthermore, DSLAM 30 does not have
access to historical data related to communication with other OPEs cannecterd to
other DSLAMs, Addittonally, DSLAM 311 may toove data when there s power
piage or user-initiated power cveling, The remote server 204 resolves the above
probiems and provides an optimum pelicy for the DSLAM 301 o vse based on
anabvsis of lerge amount of operational deta of the communication system 300 and
other siimilarly situated communication systems.  The optimuonm policy can be
dewemined based on expent kaowledge outside of the communication system whete
the expert knowledge can be obtained from lab esting, simuolation or any other
sesearch methods, The policy can be adaptively modificd even after the full
deplovment of the communication systern, and hence does not soifer from limited
knowledee that 15 wsed af the time of manulicunng the communcaiion sysiem, In
the embodinpents discussed herein the remole server 204 3 nest part of the
commpuhication sysem 30,

4] In one ernbhodiment, when the DAL communication svster 300 has
the capability 1o decode and execure a pre-defined pseudeo-code, the remote server
204 can consider many more alpovithms thar are known to i and send the roles
anddor conditions for the algorithm 1o be used by communication units (DSLAM
30 andfor the CPEs 302000, In one embodiment, the remote server 208 develops a

peeada-code for the communication unil to execute so Hat Jmay improve s
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communication performance. In one embodiment, the preudo-code is stored in the
memaory of the commurication vait, example memory 3140 of the DSLAM 301, The
paeda-code may be coded inany software coding language that is executuble by
the communication unit, example by the processor 309 of the DSLAM 301, Inone
embodiment, as the remote server 24 becomes aware of newer and bebter
algoritdums, it enforces some of the communication umts 1o wse one or more of them
by sencing 3 proper prendo-code fo the communication units (RSLAM 301 andfor
the CFEs 302, 50 of the communication svstem 30,

[iG3] Following is an exemplary embodiment of how the remote server
204 can improve the performance of a DL sysrem, In DSL systems, for example
the system 300, downstreans (D8 margin is an mportant line perfonmance metric
that can be monitored by CPEs 3124 in real-time. In general, o higher margin
mulicates an exponentiably somaller chance oF errors Tor the delivery of video or data
packets over DSL finks 34y 0. When the margin becomes very small, typically
befow GdB, the Tink will experience errors that can cause serfous impacts on packet
defivery wr the CPEs 3020, To prevent eontinuarion of such an unrehable link
guality over a long wme, CPEs 302, 5, can initiate a retraaning procedure and
improve the operation conditions. The retraining procedure may take 20 o 60
seconds. In one embodiment, the above feature of DSL systems is implemented by
{CPEs 302, monitoring DS marzins and fnstializing a retraining process whes the
margin becomes helow a pre-configured threshold value T Conventionatly, “T7 i
set to dB and contolled via the DS tine™s profile.

[066] The remote server 204 may coliect operational and performance dawma
of the DSL system 300, analyee the histworical data {operational and performance
data) associated with the DEL system 300, and determing the best estimated value of
T for each Bne and applies the value w each line.

[tHaT] The term “line™ herein refers w a communication link {wired or
wireless) between the DSLAM 301 and the corresponding CPE. The value of *1
may be anplyeed per-line basis by the remole server 204, Different valoes of *T7
cah be applied by the remote server 204 o different DSL lines depending on their
historical and environmental characteristies.
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i Each CPE among the CPEs 302 L applies an algorithng o tune ity
performance. For example, the CPE applies a mie andfor condition w adapt the
value of T in real-time as a function of the real-time data {foperational and
performance s that is avatiable in the corresponding CPE, The CPEs 302, 4 are
operable w apply the following rules and conditions, 1 video traffic is observed by
the CPE over the fine for more than {; fe.g., | minuel, then the OPE updates the
vahwe of “T" o *T," {eog., 2dBY. Such a rule allows the CPE to react fast on
pixclization problems associated with video walfic. In this example, the conditions
are the choice of 'ty and "Iy, while the rule is the “if. then™ equation. Typically
cach retraining process of the CPE capses discontimmtion/imterruption of viden apd
daty services for g short time te.g., 10-435 secondsy, but such an interruption can be
preferable o g persisient pixelizaton problem of the video waific for several
snutes of more. 1 no video waffic is observed by the CPE for more than 't (e.g.,
10 minutes) then the CPE updates the valwe of *T" 10 T2 te.g., (dB). In this
example. the conditions are the choice of 12" and T4, while the rule is the “if,
then™ equation. ‘This rule aliows the CPE to reduce the chance of initiating a
retraining process that can interrept data eaffic. Data service is more resilient to
ervors compared to video traftie, and the errors that can happen for a siall margin
e, O=2dBY are lkely (olesable for data reaffic.

[B6Y] The sbove example of the rule andfor condition involbves real-time
menitoring of the data of the DSL svstens 300 and real-time adaptason algerithm
within the DEL systern 300, Tn some embodiments, the data of the DSL sysem 3
may not be entirely in real-time but the data apdate may be frequent enough (e, 3
minutes 0 behave Tike real-fime data,

[o70] In one embodiment, the threshold values ‘1 b "T) and “T- used
by the rules/conditions discussed above are not statically kept in the DSL system
300, but optimized by the remote server 204, In one embodiment, the CPE
contimues w0 Keep its rule/condition, but the parameters of the roles, Le. the dueshold
vistoes (conditions) "1y "t T and “Ta,” are apdated in the CPEs 302 n by the
rernote server 204, In such an embodiment, the remote server 204 collects and
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analyzes historical operational data and any side information {e.z., data from other
siutfarly sitemted DS systems) that §s avarlable at the remote seever 204,

(6071} Conunuing with the exemplary embodiment discussed dbove, the
remote server 204 will choose T "= 0dB for a DSL line if pixelization has hardly
happened even for marging between O and 2d8 in the distorical operational data, but
will chovse “Ty = 4dB if pixelization always occuwrred and continoed for several
minutes for morging between O and 4B, Soch long-tenm adaplation of the weles by
remaote server 204 ablows the DSL. system 300 w perform at its opuimaem ability
wader all circumstances. In one embodiment, the swiwhing of modes discussed
above happens in real-time or very freguently. but the update of threshiold values or
rules to be used by the CPEs 302 & happens at o much lower frequency. fn one
embodiment, the remote server trimsmits the updaled pobiey (with new threshold
vatues) o the DSL system 300 2 once per day,

[0072] While the embodiments of Fig. 3 are discussed in terms of margin
and video traffic in the DSL system 300, the embodiments can be applied fo any
DSE or other communication system adaptation aloorithen that reacty b real-time w
other data parameters without changing the essence of the emboduments of the
IvETEtioD.,

[HYT3] Fig. 4 14 2 method 400 performed by a remote server for optimizing
perfonnance of & commumication system. according 1o one embodiment of the
mvention. Although the blocks in the Howchans with reference 1o Fig 4 are shown
in a particular order, the arder of the actlons can be modified. Thus, the ilfastrated
embodiments can be porformed in a different order, and some actons/biocks may be
performed in parallel. The fow chast of Fig. 4 s luvirated with reference 1o the
embodiments of Figs, 2.3,

fo741 Af Block 401, the remote server 204 coflecis data (operational andfor
pesfonmance data) from the one or more communication units,  As discussed above,
the communication units in Fig, 2 are AP 201 andfor the stations 202, whle
communication units in Fig. 3 are DSLAM 301 andior the OPE 3062, n. Inone
embodiment, the communication unils are at least one of a base station; a wireless
LAN device: a DSLAM; a gateway; a performance enhancermnent devicr; a DSL

o
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CPE modem: an in-home powerline device: a HENA based device; an in-home coax
distribunon device; a G (Global Home Networking Stundand} companble device:
gn in-home metering communicabion device; an in-home applisnce
communicatively interfaced with the LAN: o wireless femtocell base station; a
wireless Wik compartible base station: a wirgless mobile device vepeater: o wirgless
miobile device base station; o STBSTU customer electronics device; an 1P enabled
sefevision: an 1P enabled media player an TP enabled gmming console: an Brhornet
gateway; a computing device connected to the LAN: an Ethernet connected
compater peripheral device: an Eihernet connected router; an Elheimet connecied
wigeless bridge: an Ethernet eonnected nevwork bridee: and an Ethernet connected
network switch,

[EHIT75] At block 402, the remnote server 204 generates a policy, for each of
e one Of mere communication anits bused on the collected data, As discussed
above, the poliey with reference to Fig. 2 comprises st and second algorithms
calso catled adaptive algorithms), In one embodiment. the tirst algorithm
comprises; monitoring received signal strength indication (RSS1: and adapting a
wansfer vate acconding 10 a mappiog of the REST from a lockuy wbie, Tn one
embodiment. the second algorithm comprises: counting a first number of
comsecutive suctesstul transmissions Trom the onre oF Mone conmunication units 1o
other commumicution units; counting a wecond number of consecutive failed
transrmssions from the oge or more commanication units 0 other commumcation
snits: adjpsting o ransfer rare when the first number exceeds a fist teeshold; and
adijusting the transfer rate when the sccond nomber eaceeds a second theeshold, In
other embodiments, other algorithms may be used Tor first and second algorithins,
[6076] With reference to Fig. 3. the policy may comprise rules and
conditions such as the threshold values *¢ " 't 1) and T3 for the DSL system
G0 and equations that use these threshold values. Other policies may be used for
the above systems of Figs, 2-3 and for other systems,

T At block 403, the remoie server 204 sends the policy to vach of the

SR oF ore communication units, wherein the one or more commumeation anis

B
b

Charter Communications, Inc.
Exhibit 1008
Page #2047



WO 2003070232 POTHS L6205

implement the policy according to Hime-varying data (data collectad by the
communcation enits of the commumention systems),

(078} Fig. 5 is a method 500 perdormed by & communication svstem for
optimizing performance of the communication system by a remote server, acconding
to one cmbodinent of the invention. Although the blocks in the flowchants with
reference to Fig 5 are shown in a particular order, the order of the actions can be
modified, Thus, the dlusteared embodiments can be performed in a different order,
and some sctions/blocks may be performed in parallel. The flow chart of Fig, 5 s
Hustrated with peference (o the embodiments of Figs, 223, 5o as o avoid
repetitivenesy, only the processes performed by the communication unils are
disenssed.

[O0T9] At Block 301, the one or more communication anits send data 1o the
remote server 204, The data may be operational data, performance datz, or any
other time-varying data, Al block 302, the one or more commmunication upits
receive a policy generated by the remove server 204, wherein the policy comprises
rules andfor conditions for operation of the one o more conumunication units, At
Block 503, the one o more communication wnits execute the policy sent by the
remnote server 204 w implement an algorithm based on the rules andfor conditons
and time- varying data. As discessed above, the policy with reference o Fig, 2
comprises Brst and second algorithme (also called adaptive algocithms), In one
embodiment, the fisst algorithm comprises: monitoring received sipnal streneth
indication (RS54 and adapting a fransfer rate according w a mapping of the R3S1
from a lookup table. In one embediment, the second algorithm comprises: counting
a First number of consecutive suecessful transmassions Trom the one or more
compmunication units to other communication units; counting a second number of
consecutive failed transmissions from the one or more communication units to other
communication units; adjusting a transfer rate when the first number exceeds a first
theeshold: and adjpusting the rapsfer rate when the second namber exceeds o second
threshold. In other embodiments, other algorithms may be used for first and second

algorithms. With reference (o Fig. 3, the policy may comprise nides and conditions
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such as the threshobd valoes ty i T and Ts for the D31 svster 300, Other policies
may be vsed for the above systems of Figs, 2-3 and for other systems.

[e0sn Fig, 6 is a processor-based sysiem 600 having machine-readable
storage medivm with compuier executable instructions 64 for optimizing
performance of the communication svstern by 4 remote server, according w one
embodiment of the invention. Machine-readable storaze medium is one of 207,
210, or 3 {eollectively referred 1o as 20720173107 The computer/machine-
readablefexceutable instructions are executed by a processor {e.g., processor 206 of
the remote server, o processors 209 and 309 of the AP 281 or DSLAM 381
respectively), Elements of embodiments are also provided as a machine-readable
mediam for storing the computer-executable instractions (2,2, instructions to
implement the Bowcharts of Figs, 45 and other provesses discussed in the
description,

[EHIBT in one embodiment, the processor-based svaem 600 further
comprises a database 601 (o store data used by the instractions 604, In one
embodiment. the processor-based system includes a network inerface 602 w
communicate with other devices. In one embodiment, the componenits of the
processor-based system 600 commanicate with one another via a network bas 603,
LR The machine-readable storage medinm 207210010 may Include. taat
is pot Hmited 1o, flash memory, optical disks, hard disk debve (HDD, Solid State
Brrive (8500, CD-Read Only Memory (CD-ROMes, DVD ROMs, RAMs, EPROMs,
EEPROMs. magnetic or optical cards, or other type of machine-readable media
suituble for storing electronic or compuler-executable instructions. For example,
embodiments of the invention muy be downloaded as a comgater program {e.g..
BIOS) which may be rransferred from a remete compuier (0.2, @ server o a
reguesting computer {fe.g., a client) by way of data signals via a commonication link
fe.g. & moedem or petwork connection’,

083} Reference in the specification 1o "an embodiment.” "one
embodiment.” "some embodiments.” or "other embodiments” means that a particuiar
feature, structure, or characteristic deseribed in conneetion with the embodiments s

included inoar least some embodiments, but not necessanly all embodiments, The
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varions appearances of “an embodiment,” "one embodiment,” or "some
embodiments” are not necessarily all reforring w the same embediments, 1 the
specification states a component, feature, stracture, or characterissiic "may,” "oight,”
or "could” be included, that particelar component, feature, structure, or
characteristic is not reguined o be included. IF the specification or claim refers to
“a” or "an” element, that does not mean there is only one of the elements. I the
specification or clabms refer o "an additional” element, that does nov preciude there
bedng more than one of the additional element.

[B084] While the invention has been described in conjunction with specific
ernbodiments thereof, many allermatives, modifications and varations of such
embodiments wiil be apparent to those of ordmary skill in the art in hight of the
toregoing descriphon,

[HiB5] For example, the ernbodiments discussed above can apply 1o a
communicaton system comprising a performance enhoneement device., A
perfonnance enhancement device may comprise a signal conditioning device, a
diagnostic and remedy guidance device, or a noise cancellation device. A noise
vanceliation device, wmeng other things, acty w cancel noise and interference
present en the D51 Hpe, either avtonomousty or in conjunction with commands
trom the remoie server. In one embodiment, the performance enhancement device
is commumcatively coupled o the remote server 204 viz the Communication
Channel 208, In such an embodiment, impulse noise cancellation feature of the
performance enhancement device may be tamed on and off based on the real-time
observation of nolse, and the actual algorithm for deciding on-off can be distributed
where lopg-tenm theesholds/roles and conditions are caleplaed by the remnote server
204 and wansmitted o the performance enhancement device. Tn ope embadiment,
the remote server 204 forces the sctual transition in the performance enhancement
device as a function of real-ume cbservaton of the nose data,

[HHIS6] Another alternative embodiment related w a WiF svstem is
described as follows, In a typical WiFi communication system, Carrier Sense
Muhiple Access (CSMA protocel is used for multiple access. Due 1o the nature of
wireless chanmel, some of the strions (chentsy might not be able to hear each other

while both can reach the AF with strong power, This phenomenon is known as
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Hidden Node problem. One way to resolve this problem is to schedule the data
rransimission using Reqguest to Send (RT3 and Clear o Send {CTS) mechanisms,
Such a wse of RTS/CTS incurs overhead in channel nsage, but prevents disastrons
packet collisions by the twi stations,
[OET] in one embodiment, the remote server 204 collects operational and
performance dats of the WiF§ AP 201 (and other APs) and/or stations 2021, In one
emhodiment, the remote server 200 anslyzes the historical data and determines the
best value for each AP {on or off) and applies the value to cach AP, Inone
mbodiment, the valee ix analveed per- AP by the remote secver 204, and therefore
different values can be applied to different AP depending on thelr data
chameterisics,
[iHIBR] In pne embodiment, each AP is operable 1w apply a rule with
conditions 1o adapt RTSACTS ondolf in real-time a3 3 function of real-time daia
availabie 1o the local AP, In one embodiment. the rufe generated by remote server
and made available in the AP i3 that if a large packet ervor mate i detected for more
than £ feug. | oominote), the AP turns oo RTSACTS. Tn one embodiment. the nule
generated by remote server and made available in the AP Is that i a Jarge packet
ervor e is not detected for more than 13 te.g., 10 minates), then the AP tums off
RTSATS.
[y In the above embodiment. two or more operation modes ane
described in context of a local communication device fe.g., AP) selecting the
pperption mode to use iy real-tme, In one ernbodiment, the selection of the
operation mode ix a function of the real-time data that Is locally avatlable. In othey
embodiments, the data might not be w realtime bur the data epdate may be Breguent
enough for this idea 1o constder the data as real-time.
(G090} In one embodiment, the rules and/or conditions 2.g., the threshold
values "t and 'tz and equations applying them. are not statically kept as in AP,
but optimized by the remote server 204, 1o one embodiment, the threshold values
7 andd " andfor the equations are updated by the remaote secver 204 using
historical data and any side information that is available at the remote server side,
In the shove alternative embodivnent, RTS/CTS was involved, however, the essence

of the embodiments can be applied to any WiFi adapttion dgorithm that reacts in

-y
£
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real-time 1o other data parameters. Wik adaptation algorithms include control of
frapmentation, channels, association, ew.

[o0%1} The embodiments of the Invention are Intended 10 embrace all such
alternatives, medifications, and variations a5 1w falt within the broad scope of the
appended claims,

M2} An abstract is provided teat will atlow the reader w ascertzin the
sature and gist of the technical disclosure. The abstract is submitted with the
understanding that it will not be used o Hmit the scope or meaning of the claims.
The following claims are hereby incorporabed o the detailed descripiion. with

sach clabm standing on s own a8 3 sepaate embodiment,
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We claim:

1. A method for optimizing performance of one or more comprunicution anits
by a remote server, the methed comprising:

collecting daia from the one o MO COMTMURILAtIoN units;

generating a policy, for each of the one or more communication units,
based on the coblecied dota; and

senchng the policy to cach of the one or more communication units,
wherein the policy comprises conditions for operation of the one or more
commumication units, wherein the one or mope communication anits ruplement

the policy according 10 ime-varying data,

2. The method of claim 1. whereln the policy further comprises find and
sevond slgonthos,
3. The method of Clasn 2, wherein the one of rore comrameation anits ane

operabie o receive the policy and smplement one of the Hrst and second

algorithms based on the conditions,

4. The method of claim 1. wherein the time-varying data comprises location
pformation, current Bime, anddor operational data of the one o more

COMMPTA RGO anits,

5. The method of claim §, wherein the one or more commumeation onits are
aperable w0 receive the policy and implement one of first and second
algorithms based on the comditions, whevein the First and second aigorithms

proeviousty exisled in the one or more communication unis,

6. The method of ¢laim 1, wherein generating the policy comprises:
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generating a preudo-tode or code for an adaption algorithm to be

excouied on the one or more commurication anis,

=

The method of claim |, wherein collecting data from the one or mong

commuaication units i performed periodically,

The method of clalm 1, wherein the one or more conmupmoeation wits
comprises at least one of)

an access point (AP

a base station;

a wireless EAN deviee;

o EISLAM:

i ZalewEy:

a performance enhancement device;

a Pigital Subscriber Line (DSL) Customer Premises Equipment

(CPE) modem:

an be-lomne powerine deviee;

a Home Phoneline Network Alliance (HPNAY based device;

an ine-home coax distriibution device;

o (i (CGlobal Home Networking Standandy compatible device;

an in-home metering communication desvice;

am in-hame apphance conmunicatively interfaced with the LaN;

a wireless femtocel! bave station;

a wireless WiF) compatible base siation;

a wireless mobile device repeater;

a wireless mobile device hase station:

a set-top box (STBYset-top unil (S5TU) customer electronics device;

an Imtemet Protocol (1P enabled elevision:

an 1P ennbled media player;

ap [P enabled soming console;

an Eiiemet gateway;

a computing device connected 1o the LAN

M
i
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il

13,

an Ethernet connected computer peripheral device:
ap Bthemet connecled router;

an Ethemet connected wireless hrdae:

an Ethemet connected network bridge; and

an Ethemel connected nebwork swikch.

The method of clalm 1, wherein the condinions speeify the charseteristics of
real-time and historical operational data o the one or more Ccommumication

uils 1o sedect and apply a most desired adapration algorithm,

A machine-readable storage medium having computer executable
istractions stoced thereon that when execnied caose a processor of 4 remote
sepver o perform a method for optionizing performance of one or more
commuamication upits by the remote server, the method comprising

collecting data from the one of mare communication uniis

generating a policy, for each of the one or more communication
il bused on the collected datas and

sending the policy to each of the one or more compnaication onits,
wherein the policy comprises conditions for operation of the one or more
commusication onits, wherein the one or more communication uniis

imnplernent the pelicy according 1o time-varying data,

The machine-readable storage medium of clabm ML wherein the policy

further comprises first and second algorithims.

. The machine-readable storage medium of ¢laim 11, wherein the one or more

communication snits are operable to receive the policy and implement one

of the first and second al gorithms based on the conditions,

The machine-readable stornge medium of claim 10, wherein the time-
varying dats comprises locution information, curent me, and/or operational

data of the one or more commurication units,

= 4
i 4
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1. The machine-readable storage medivn of claim M), wherein the one or more
COHMMuRICaion unis are operabde to receive the policy and implement one
of first and second algorithms based on the conditions, wherein the first and
second algorithrs previousty existed in the one or more communication

wnits,

15, The machine-readable storage mediom of claim 1), wherein generating the
palicy Comprises:
gencrating a pseudo-code or eode for an adaption algonithn w be

execitied on the ong or more communicatinn wmils.

16, The machine-readable siorige mediom of claim 10, wherein the conditions
specily the characteristics of real-thoe and hisioricst operational data for the
QR OF MIOTE coMmmunication unit 1o select and apply 4 most desired

adaptation algorithen,

7. A method for optimizing performance of one oF more Compraricasion anis,
the method comprising:
sending dats from one OF more commumication unils o o remole server;
receiving a policy from the rernote server, wherein the policy comprises
conditions for operation of the ane or more commumnicarion units; and
exccuting the policy by implementing one of first and second algorithims

based on the conditions and thme-varving data.

18, The method of elaim 17, wherein the time-varying data comprises location
information, current tme, and/or operational data of the one or more

CommuRicHion anis,

19, The method of claim 17, wherein the First and seconid algorithims previowsly

existed in the one or moede comumamication units,
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20 The method of claim 1Y, whereein the poliey further comprises the first and

second alrorithms,

21, The method of claim 20, wherein implementing one of the first and second
algerithms based on the conditions and time-varving data comprises
implementing one of the first and second algorithms provided with the

perliey,

22, The method of claim 17, wherein execoting the policy comprises:
execuiing a pseudo-code or code for an adaption algorithm, the pseudo-

code generated by the remote seever,
23. The method of claim 17, whereln the remote server resides in a cloud,

24, The method of claim 17, wherein sending data froim one oy miore

couication units to the remote server s performed periodically,

25, The method of clam F7, swherein the one or more compunication units
comprises af least one of!
an access point (AP
a base station;
o wirghess LAN device:
a DSLAM;
4 gateway;
a performance enhancement deviee;
a Digital Subseriber Ling (DSL) Customer Premises Equipment
(CPEY modemn:;
an im-home powerline device;
i Home Phoneline Network Alliznce (HPNA ) based device;
an in-home coax distribution device:
a G (Giobal Home Networking Stmdand) compatibie device:

an in-home metering communication device;

33
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ai in-home apphiance communicatively inferfaced with the LAN;
a wireless fepntocell base station;

a wireless WiFi compatible hase station;

a wireless mobile device repeater;

a wirgless mobile device base station:

a set-top box (STHYsettop unit (ST costomer elecoonics deviee:
an Indernet Protocol (18 enabled wlevision

an [P enabled media player

an P enabled gaming console;

an Bthemet gateway;

a compating device connected o the LAN;

an Ethernet comnected computer penpheral deviee;

an Ethernet connected rowter;

ap Erhernet conmected wireless hridee:

an Ethernet connecred network bridge: and

an Ethemet connecled network switch.

. The method of claim 17, wherein the conditons specify the characteristics of

reat-time and historical operational data Ffor the one or more cormmunication

unity to select and apply a most desired sdaptation alzorithm,

- Aomachine-readable storage medinm having computer execatable

tstroctions stored thereon that when executed cause g processor (o perform
a method for pptmizing perfornmance of one or mone communication unils,
the method comprising:

vending data from one or more commumeation units (o 4 remote
server

Feceiving a pohicy from the remote sevver, wherein the policy
comprises conditions for operation of the one or more communication units;
and

executing the policy by implementing one of first and second

abgorithms based on the conditions and time-varying data,
SE
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28,

310

Sl

Tk
Tk

34

The muchine-readable storage medhon of claim 27, wherein executing the

paticy comprises;
executing a pseudo-code or code for an adaption algorithm, the

peendo-code generated by the remote server,

CThe machine-readable storage medium of elaim 27, wherein the fime-

varying data comprises location infonmation, Current me, and/or operational

daia of the one or more COmpunCalion unis.

The machine-readable storage medium of claim 27, wherein the first and
secorid algorithms previousty existed bn the one or more communication

winits,

. The machine-readable storage mediom of claim 27, whereln the policy

further comprises the first and second algorithms.

t The machine-readable storage mediven of claim 31, wherein implementing

one of the first and second glgodthins based oo the conditions and {ime-
varying data comprises implementing one of the First and second slgorithms

prowided with the policy.

The machine-readable storage medium of clalim 27, wherein the conditions

speciy the characierisdes of real-time and hstorical operational data for the
ORI OF IO communication units 10 setect and apply o most desined

adaptation algovithim.

AD apparatus Comprising:
o memory; and
a pracessor, coupied 1o the memory, and cperable (o)
analyze dota from one oF more commurication units;

generate a policy, for each of the one or more communication
33
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36,

ik

38.

44,

41,

units, based on the collected data; and

send the policy w each of the one or more communication units,
whenein the policy comprises conditions for operation of the one or more
communication units, wherein the one or more communication unjls

implement the policy acconding to line-varying data.

The apparatas of claim 34, wherein the policy further comprises first and

second algorithms,

The apparatss of claim 33, whesein the one or more communication umits are
operable to receive the policy and implement one of the first and second

alworithms based on the conditons,

- The apparates of claim 34, wherein the one or more commanication unils are

aperable to receive the policy and implement one of the first and secomd
algorithms based on the conditions and the tine-varying data,

The apparvatus of claim 37, wherein the tme-varying data comprises location
information, current time, and operational data of the one or more

CommuBcaion anits,

CThe appavatos of claim 34, wheseis the one or more communication units are

aperable 10 receive the policy and implement one of first and second
algorithms based on the conditions, whersin the first and second algorithms

previoushy existed in the one or more communication units,

The apparates of claim 34, wherein the processor is operable to generate the

pobicy by performing a method comprising generating o pseudo-code or code

For an adaption algonthm to be execoted on the one or more conmanication

units.

The apparatis of clnim 34, wherein processor 1o collect dawn periodically for

S
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analysis from the one or more conumupication uniis,

42, The apparatus of cloim 34, wherein the one or more communicaiion wnils
comprise at least one oft
an aceess point (AP}
a base station:
i wireless LAN device,
o PISLAM:
A gateway;
a performance enhancement deviee;
a Dhigital Subseriber Line {DSL) Customer Premises Equipment
(CPEY modern;
am in-home powerline device;
a Home Phopeline Network Allionee (HPNA) based device;
an in-home coax distribution device:
a Gl (Global Home Networking Standard) compatible deviee:
an in-home metering conmmunication device:
an in-home apphiance commmunicatively interfaced with the LAN:
a wireless femtocel] base station;
a wireless Wikl compatible base station:
a wirgless mobile device repeater;
i wireless mobile device base station;
a sed-top box (5T Vset-top anit (STU ) customer electronics device;
an Internet Protocol (IP) enabled wlevision;
an I enabled media plaver;
an 1 enabled zaming console;
an Ethernet gateway;
a compuking device connected to the LAN:
an Ethernet connected computer penpheral device:
an Eihernet connected roster;
an Eithemet connected wireless bridge:

an Ethemet connected network bridae; and

e ]
ot 4
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an BEthernet conpected network swikch,

43, The apparvatus of claim 34, wherein the conditions specify the charsotenistics
of real-time and historical operational data for the one or more
commusication nits to select and apply o most desired adapiation

algorithm.

44, A system comprising:
ONEe OF More Commumcation units: and
a server operable to communtcate with the one or more
communication units, wherein the server comprises:
& ynernory; and
a processor, coupled o the memory, and operable wr
analyiee data from the one or more companmicarion
Bits;
generaie a policy. for each of the one or moge
commnsmication units, based on the collected data; and
send the policy to each of the one or more
comrnicaton wiits, wherwin the policy comprises
copditions for operation of the ene or ore conumuanication
units, wherein the one or more communication uniis

implemsent the policy according to fime-varving data.

45, The system of elabm 44, wherein the policy Durther comprises first and

second algorithms,

46, The sysiern of claim 44, wherein the one or more communication units are
operable to receive the policy and mplement one of the first and second

algorithms based on the conditions,

47, The system of clalm 44, wherein the time-varying datz comprises location

information. current time, and/or operational data of the one or more

33
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48,

48,

S

LN

crmmunicalion uniis,

The system of claim 44, wherein the oRe or more communRication units are
operable to receive the policy and implement one of first and second
algorithms based on the conditions, wherein the first and second ajgorithis

previousty existed in the one or more commumication units,

The system of claim 44, wherein the processor is operable 1o genprate the
palicy by performing o method comprising gencrating a pseudo-code or code
for an adaption algorithm w be executed on the one or more communication

nits,

The systemn of claim 44, wherein processor to collect data periodicaliv for

analysis fromm the one or more communication gnis,

. The system of claim 44, wherein the one or more commumication anils

comprise at least one of;
an access point (APY
a base sialion:
a wireless LAN device:
a PISLAM;
i paeway,
a performance enhancement doviee:
a Erighal Sebseriber Line (DL Customer Premises Bguipmen
(O PEy modeny;
an in-home powerline deviee;
i Home Phoneline Network Alliance {HPNAS based device;
an in-home cosx distribution device:
a Gihn {Global Home Networking Standand) compatible device;
an in-home metering comamunication device;
an in-home appliance commonicatively interfaced with the LAN:

a wireless fevniocell base station:

-y
wt F
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a wireless Wikl compuatible base station;

a wireless mobile device repeater;

a wireless mobile device hase station:

a set-top hox (STEfset-top unit (STU Y customer ¢lectronics device;
an Internet Protoeod (1P epabled selevision:

an 1P enabled media plaver:

an 1P enabled guming console

an Ethernet gateway,

a compuiing device connected 1o the LAN:

an Ethemet connecled computer peripheral device;
an Ethemet connected roufer;

an Ethemet commected wireless bridge;

arr Ethernet connected network huidee; and

an Eihernet commected nerwork swirch.

L
b

CThe system of elaim 44, wherein the conditions specify the characteristics of
real-time and historical opesutional data for the one or more communication

wikils 1o select and apply 8 most desived adapration aigorithm,
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collecting data from one or more communication units
401

generating & policy, for each of the one or more
communication units, based on the collected data
402

|
|
L

sending the policy to sach of the one or more
communication units, wherein the policy comprises
congitions for operation of the one or more commurscation
units, wherain the one or more cormmunicabion units
mplement the policy according to time-varying data
403

FIG. 4

45
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sending data from one or more communication units o a
remole server
01

recetving a policy from the remole server, whersin the
policy comprises conditions for operation of the one or
mare communication units
802

executing the policy by implementing one of first and
second algonthms based on the conditions and ime-
varying data
503

FIG. 5

56
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Post Card, as described in MPEP 503.

New Applications Under 35 U.5.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.

Mational 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/9203 indicating acceptance of the application asa
national stage submission under 35 U.5.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

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

Charter Communications, Inc.
Exhibit 1006
Page #2076



PCT/US2Z011/060265

Declaration of lnventorship {Rules 4.17(iv) and 51bis.1(a){iv)}
for the purposes of the designation of the United States of America;

| hereby declare that | believe | am the original, first and sole (if only one inventer is listed below) or joint (if
more than one inventor is listed below) inventor of the subject matler which is claimed and for which a

palent is sought.

This declaration is directed to the international application of which it forms a part {if filing declaration with
application).

This decikaration is directed to international application No. {if furnishing declaration pursuant 1o Rule 26(er).
| herehy declare that my residencs, malling addrass, and citizenship are as slated next to my name.

| hereby state that | have reviewed and understand the contents of the above-identified international
application, including the claims of said application. | have identified in the request of said application, i
compliance with PCT Rule 4.10, any claim to forelgn priority, and | have identified below, under the heading
“Prior Applications,” by application number, country or Member of the World Trade Organization, day, month
and vear of filing, any application for a patent or invenlor's carlificate filed in a country other than the: United
States of America, inciuding any PCT international application designating al least one gountry other than
the United States of America, having a filing date bafore that of the application on which foreign priority is
claimed.

Prior Applications:

| hereby acknowiedge the duly to disciose information that is known by me to be material to patentability as
defined by 37 C.F.R. § 1.56, including for continuation-in-part applications, material Information which
became available belween the fiing date of the prior application and the PCT international filing date of the
continuation-in-part appication.

1 hareby declare that all statements made herein of my own knowledge are true and that all statements
made on information and beliel are belioved to be Wrue; and furiher that these stalements were made with
the knowledge that willful false stalements and the like so made are punishable by fine or imprisonment, or
both, under Section 1001 of Title 18 of the United Slates Code and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon.

NAME OF SOLE OR FIRST INVENTOR:

Full Mamea: , Woniona Bhes
(Eirst, 'ﬁu;‘a if anyj, Famliy Namea (o Surmavon), and Sulfix fif anyj)
Inventor's Signature Lj’ ":?‘*-*’T I$5y Date MV 10, aon
1 L
Residence San Francisco, CA US ) Citizenship KB
{City . Slade, Countiy} {Cauntry}

Mailing Address 235 Berry Streel #8086
i SR LS
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For receiving Office use only
P CT PCT/TUS11/60265

Intemational Application Mo,
REQUEST 10 NOV 2011 (10.11.11)
Intermational Filing Date
_ PCT INTEENATIONAL APPLICATION
The undersigned requests that the present

international application be processed ROMIS
according to the Patent Cooperation Treaty. Mame of receiving Office and “PCT International Application”

Applicant’s or agent's file reference
(i desived) (12 characters maximum) 8241P054PCT

Bax Mo, 1 TITLE OF INVENTION

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

Box MNo. 11 APPLICANT I:I This person is also inventor

Mame and address: (- erni iy mearane feallonwared by griven oemmaes feor o oo omtity, fall afficial designarion. Telephl.'-ne M,
The address nriest include posral code amd monne of cowemrer. The conmrey ol the addvess indfoated T iz
Box is the applicant s Stade (that is, cowmiry) of residence ifrio State of residence i indioated belfow.}
ASSIA, INC.
333 Twin Dolphin Drive
Redwood City, California 940865
United States of America

Facsimile No

Applicant’s registration No. with the Office

E-minil anthorieation: Marking one of the check-boxes below authorizes the receiving Office, the International Searching Avtherity, the
International Bureaw and the Intematienal Preliminary Examining Authority 1o use the e-mail address indicated in this Box o send,
notifications issued in respect of this imernational application 1o that e-mail address if those offices are willing 1o do so.

as advanes copies followed by paper notifications: or exclusively i electronic form (no paper notifications will be sent).
E-mail address:
State fohar iv, cormtry) of nationaliy; State (e is, coworry) of residence:

us

This person s applicant all designated all designated States exeept the United States the Siates indicated m
for the purposes of! Rlales ther Ulnifesd States of America ol Armernca only e Supplemental Box

Box Mo, [II - FURTHER APPLICANT(S) ANDVOR (FURTHER) INVNENTOR(S)

E Further applicants and/or (further) inventors are indicated on a continuation sheet.

Box No. [V AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is hereby/has been appointed to act on behalf & agent comman
of the applicantis) before the competent International Authorities as: representalive

Mame and address: (Family nawe follewed by given same: fora legal emity, full efficisl desigration, | Telephone No.

The acldress st edile postal code and name of cowntiy. ) {403} 720-8300
VINCENT, Lester J. Facsimile Mo,
BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP (408) 720-8383
1279 Oakmead Parkway Agent’s registration No. with the Office
Sunnyvale, California 94085-4040
United States of America 31,460

E-mail authorization: Marking one of the check-boxes below authoriees the recerving Office, the Intermational Searching Authoniy, the
International Bureau and the International Preliminary Examining Authority to use the e-mail address indicated in this Box 1o send,
notifications issued in respect of this imternational application o that e-mail address if those offices are willing (o do so,

E as advance copies followed by paper potifications; or D exclusively in electronic form (no paper notifications will be sent).
E-mail address: mail@bstz.com

I:I Address for correspondence: Mark this check-box where no agent or common representative ishas been appointed and the
space above is used instead to indicate a special address to W‘hil’.‘?‘l correspondence should be sent.

Form PCT/ROV 101 (first sheet) (January 2000) See Notes to the regquest form
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Sheet Mo, . 2. ..

Box No. IlII  FURTHER APPLICANT(S) ANIVOR (FURTHER) INVENTOR(S)

I none of the following sub-Boxes is wsed, this sheet should nor be included in the reguesr.

Mame and address: [Faneily name fallowed by piven nawee; fora legalensity, foll sfficial destgeation, | This person is:
The aolelress st foefvode prestad cogle ard nome ofcountry, The comntey o the address ingdieated in ihis

By ix H.l..mw.n’fr-;mi o Sderte frhert ix, r'um;rr_v}n_.rn'.tfr&'m £ v Kerse enf remiddomien (8 Snelieoioed Predeae ) D ﬂpplicanl L'II'II:(
RHEE Wonjung E applicant and mventor
. wventor only (ff this check-box

235 Berry f&‘-treet, #Eﬂﬁ D ix marked, do mat fifl in below.)
San Francisco, California 94158

i i Applicanmt’s registration Mo, with the Office

ni tates of Amenca Pl g

State (ol is, country) of nationality: State rrivat is, country) of residence:
KR us
This person is applicant all designated all desigrated States exee the United States the States indicated in
for llllc pu,[“p-l)ﬁcspgﬁ l:l ;“I‘L-L“:'. e D the l!niﬁﬂl States of .ﬁlm-.rln'a af Amr_'r:ca 11|1I;' II1; Supplemental Fox

Name and address: (Family mane followed by given name; fora legal enniny, fidl officiael designatieon. | This person is:
T adddress prist include posiol code ard mome of cowmiry.. The country of the aodvess indbeated fn this
By ix the egrplivens s Stae thar i, conniryd e roesidenee ifoog State ofresidence i imaieated balow i D applicant only

D applicant and inventor

D inventor ondy (ff this check-fox
s marked, do mat il in helow.)

Applicant’s registration Mo, with the Office

State (tfar is, courniry) of nationalivy: Suite friar is, cowrny) of residence:
This person is applicant all designated all dhesigrated States except the United States the States indicated in
fior the purposes of Smtes the United States oft Amenca of America only the Supplemental Box

Marme and address: (Fanily mone folfowed b griven rame; fore Segrol eniite, il official desigmation. | This person s
The acktress mewst Include postal code and mame of covntry, The country of the adkdress Indicated in this
Do is the applicant s State {that i, cowtry) af residence ifne State ofvesidimce is indicated belin i D applicant only

D applicant and inventor

inventar only (i this check-box
ix ke, des met Jifl i below,)

Applicant’s registration Mo, with the Otffice

State (that iz, covrry) of nationality: State rthar iz, cownry) of residence:
This person is applicant all designated all desigrated States exce the United States the States inclicated i
for the purposes of: l:l States D Lhis l':!lﬁ.‘l? Stalies cel .kmn.-rl:.uz ol Amerca only D l]_'l: S‘;-:;;*lc:{'ll':-tgl BOI:

Mame and address: Fanily name followed by given name; fora lepal entite, fll aficlal desionarion. | Thi ¥
The acldress must include postal code and narte of couwmry, certntey of the address indicated in this = frerscin
fiore ix the applicant s Seate fthat is, countrybof residemoe ifno State of residence i indicated below, ) D

applicant only
D applicant and inventor

D inventor only (i this check-hox
ix ke, de mot fi in below )

Applicant’s registration No, with the Office

State fohar is, corntry) of nationality: State fehai is, courntry) of residence:
This person is licant all designated all designated States except the United States the States indicated in
fior lh?p-“rp,;_-,g.;pgﬁ Stales . D U lh:llilf.:tl States ol ;I:ﬂl.'ll:l.'l ol Amenca only D the Supplemental Box

D Further applicants and’or {further) inventors are indicated on another eontinuation sheet.

Form PCT/RCY 101 {continuation sheet) (January 20100 See Noves to the request form
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Sheet Mo,

3.

Supplemental Box

I the Supplemental Box is mot used, this sheet shonld mot be included in the reguest.

fik

i

(i}

i)

[

T

I i cwy of the Borxes, excepr Boxes Nos, VI o fv) forwhich
a special contination box is provided, the space is insufficient
ter feoerisfecld the information: insuch case, write " Contimiation
af Bax No... " findicate the munber af the Boox) and fvnish the
infarmaian i the same mamner af reguived according fo the
caaplions rf,f!.fu- Bax in which the spxace was insufficient, in
particnlar

if vevee tinan enne prerson iy o be indicated as applicant and’or
imventor and o Ucontinuation sheet” fs avatlable: in such
parse, wrife "Conlinmation rirﬂ-rn: Nex, HF corred r'rn;a’.»{'.;ﬂ.:lﬁr.l'q_-‘;x';r
additionad persan the samre fope of formation as regeived in
Bex No. Hl. The countrey of the address indicated in this Box is
the applicant s State (that is, coumtr) af residence i o State of
resiclerace is fevlceried Dbefow

i i Bax Na. IT or in amy of the sub-boxes of Box No. I, the
idication e Staves indicared in the Supplemental Box™ i
ehecked: in such case, wrlte " Continuation of Box No, 11 or
“Comtinction af Box No, I or " Continuationof Boxes No. [T
and Ne. I jas the case may be), indicate the name aof the
appilfeamtis) imvalved and, next to feach) such name, the State(s)
farclior, where applicalle, ARIPO, Ewasian, Envopean or
CIAPT prateri} fin the purposes af wiich the named person is
appalicant;

i i Box Na, IT or in anv of the sub-boxes of Box No, I the
invenior or the inventorfappficant is ned inventor for the
purpases of all designated Srates or for the purposes of the
U'nited Sraves af America: in such case, welle " Comifimution
of Box No. I or UContinvation of Box No, I or
“Cartincatton of Baves Noo I and No, ST fas the cose muay
b, indicate the mame of e inventor{s) and, next i fwn'.ﬁj'
such pame, the Siote(s) (ondlor, where applicable, AR,
Enrasian, Evropean or QAP patent) for the parposes afwhich
e nemed person is fmvenfor:

i i ccdefivion 1o the agentis) indicated in Box No, IV, there ave
Surther agents:  in such case, wreite "Continpation of
Box No. (17 aned ingfieate jow eoch firther agent the same tupe
aof infermation ax vequired in Box No. IV

ifl in Box Na. VI, theve are more than three earlier applications
whase priovity iy claimed: in such case, weite " Comtinuation
of Bax No. VI and indicate for each odditional earlier
application the same type of information as reguired
in Hiox Mo, FI

I the applicant intemds o moke an indication of the wislh dhoe
the international application be vealed, in certain designated
States, as an application for o patent af addition, certificate of
arclelition, invertor’s certificate of addition or wiility certificane
of exdclition:  in serely cose, write the nome or hwo-letter code of
cach desisated State comcerned and the mdication ' prtent q_f
addition, " “eertificate of additien, " Vinventor's certificate of
addition " o uiility cortificate of addition, " (ke number of the
parvent appdication or pavens patent o aifter parent grond and
e dlevte o grant of the parent patert o otfter parend grani or
the dave of Jiling of the parent application (Rules 4.0 al(i)
anaed S9hix ) or (B,

If the applicant intends to make an indication of the wish that
e fndermarional appdicarion be treated, in the United States of
Amwrica, o conlinualion or ool - in-porl -’!l,f e
eanfter -’:f.lyﬂr'f'-nrr'ml. i sl case, weite W Unfted Suetes of
America” or “UST and the indication Vcomtinuation” or
“certinaation-in-part " and the mumber and the filing dave of
e prarens cpaliventfon (Reles &0 Fadiod and d90is, et}

I the applicam wishes to regquest the receiving Office or the
International Burean to olbain a priovity document from a
aigiteel Nibwany Bt thar docament i only held inoa

lifrary in connection with another applicarion which ol
reficd wpon that priovity document to support a priorioe cofaim
fearred paless thent digived [ibwany i to e occessed ol the
Digitel Arcess Serviee for Priovity Docuntents), in suclt cases
wdte UContirmcetton of Bax No, VT, indicate for each earller
applicarion concerned the same e of infirmaion as reguired
i Box No, VI and indicate the number ander which e
application Is stoved fand, I kwewn, the digital Tihrary
cotrcermed) (Sectlomn 718 i

Continuation of Box No. IV
Further Agent Names

Farzad Amini, Reg. Mo, 42261

W. Thomas Babbit, Reg. Mo. 39,591
Michael A. Bernadicou, Reg. Mo, 35,934
Roger W. Blakely, Jr., Reg. No. 25,831
Gregory D. Caldwell; Reg. No. 39,926
Cory G. Claassen, Reg. No. 50,296
Thomas M. Coester, Reg. Mo. 39,637
Daniel M. De Vos, Reg. Mo. 37 813
James Go, Reg. Mo, 40,621

Willmore Holbrow 1, Reg. No. 41,845
Sheryl Sue Holloway, Reg. No. 37 850
George W. Hoover Il, Reg. Mo, 32,992
Eric 5. Hyman, Reg. Mo. 30,139

Aslam Jaffery, Reg. No. 51,841

Gordon R. Lindeen lll, Reg. Mo. 33,192
Michael J. Mallie, Reg. Mo. 36,591
Paul A. Mendonsa; Reg. No. 42 879
Jonathan Miller, Reg, Mo, 48 534
Thinh V. Nguyen, Reg. No. 42,034
Robert B. O'Rourke, Reg. No. 46,972
Daniel E. Ovanezian, Reg. No. 41,236
Marina G. Portnova, Reg. Mo, 45,750
William W. Schaal, Reg. Mo, 39,018
James C. Scheller, Jr., Reg. No. 31,195
Kevin Shao, Reg. No. 45,095

Stanley W. Sokoloff, Reg. No. 25128
Judith A. Szepesi, Reg. No. 39,393
Edwin H. Taylor, Reg. Mo, 25,129
James Thein, Reg. No. 31,710

Lester J. Vincent, Reg. MNo. 31, 460
Mark Walson, Reg. No, 46,322
Thomas C. Webster, Req. No. 46,154
Chui-Kiu Teresa Wong, Reg. No. 48,042
MNorman Zafman, Reg. MNo. 26,250
Mark C. Van Ness, Reg. No. 39 865
Vincent H. Anderson, Reg. Mo, 54,962
Thierry Lo, Reg. Mo, 49,097

Form PCT/ROV 101 (supplemental sheet) (January 2010)

See Netes to the request form
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Sheet No. ...4. ..

Box Mo,V DESIGNATIONS

The filing of this request constitutes under Rule 4.9(a) the designation of all Coniracting States bound by the PCT on the inlernational
filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents,

Heowever,

D DE Genmany is not designated for any kind of national protection

D JI Japan is not designated for any kind of national protection

D KR Republic of Korea is not designated for any kind of national protection

(The check-baxes above mayondy be wsed 1o exelude (irrevaocably) the designations concerned I, of the time of filing or subseguemiy under
Rule 2abis, 1. the intevnational application comtains in Box Ne. VEa peiority elaim o an earlier national application filed in the pavticalar
State concerned, in order to avoid the ceasing of the offect, wnder the natfonal law, of this earfier national application.)

Box No. VI PRIORITY CLAIM

The priocity of the following carlier npplication(s) is hereby cluimed:

Filing date ~ MNumber Where earlier application is:
of earlier application of earlier applicution . _ . . . -
felayimenthiear) national applications| repional application: |interational application:
' country or Member regional (Office receiving Office
of WTO
itemn (1)
item (2)
item (3)

Further priority claims are indicated in the Supplemental Box.

U The International Burcau is requesied o obiain from a digital library, a cenified copy of the earlier application(s} i the earlicr
applicationfs) is avaifable o it from a digital librarc) identified above as:*

D all items= D itern (1) D e (2] D item (3) D other, see Supplemental Box

D The veceiving (MTice is requested to prepare and fransmil o the International Burems a certified copy of the earlier application(s)
(if' the earlier application{s) was filed with the Office which for the purpases of this international application is the receiving
Cifice) or to obtain a centified copy of the earlier application(s) from a digital library and transmit a copy of it to the International
Buresw (i the cavlier applicationfs) is available fo the receiving Offfce fram o digital fibrary), identified above as:*

D all ilems D item (1) U item (2} D item () D other, see Supplemental Box

Where the cerufied copy of the earlier application(s) is not stored in a digital library under the number of the earlier applicanon indicated
above but under the application number of another application which also claims prionty from it, indicate that number in the
supplemental sheet (item 4).

Restore the right of priority: the receiving Office is requested 1o restore the right of priority for the carlier application(s) identified
above or in the Supplemental Box as itemis) ( ). (See also the Notes ta Box No. VI furiher
infarmation must be provided o support a request fo vestore e right of priovitye.)

Incorporation by reference: where an element of the international application refemred o i Article 11T RMA ) or (@) or @ part of
the description, claims or drawings referred o m Rule 20.5(a) 15 nol olherwise contained in this intemutional application but s
completely conlained in an earlier application whose priority is claimed on the date on which one or more elements refemed 1o in
Article IO were first received by the receiving Office, that element or part is. subject o confinmation under Rule 2006,
incorporated by reference in this international application for the purposes of Rule 2006,

Box Mo. VII  INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Auwthority (ISA) (i mare than ane International Searching Authority is competent fo carvy ot te
fntervationad secrch, indicate the Amthority chosen; the swo-letter code may be wsed):

Form PCT/ROY 101 (second sheet) (January 2010) See Notes ta the request form
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ROUS EX OFFICIO

Sheet Mo, 5

Box MNo. IX  CHECK LIST fiw EFS-Web filings - this sheet 5 only to be used when filing an mtermational application with ROWUS via EI:E—“"Q'I:I

This international application MWumber | This intemational application is accompanied by the Mumnber
contains the following: of sheets | following itemis) fmark the applicable check-boxes below of iems
enned Erclicate fn right colunm the number of eccl item):
{a) request form PCT/ROD0] | B fee caleulation sh 1
GincToding sny declarstions . ee caleuls BEL .\ it i
and supplemental sheets). ...... @ 3 N 2 B original separate power of attorney ... ... ... ... e 1
(b)) description (excluding any e | original general power of attorney . .. ... ... .. ... ...
sequence listing part of the vt off 1 ) _— .
description, see (T}, helow) ... .. : 28 40 copy of general power of attomey; reference
MUEMEET L . o i o e e e e e e
(e elaims ..o 12| s, O sutement explaining lock of signature . . ... ... .. ...
L 1| 6. O pricrity document(s) identified in Box Mo, VI
. ) = 1T
(e} drawings (ifany) ............. : ]
7. O Translation of international application into
() sequence listing poart of the FRAREERIEEN. © v v e e e e e s
description in the form of an o ) )
image file (e PDF) .. ... ..., - 8. O separate indications concerning deposiled
microorganism or other biological material ... ... ...,
9. 00 rordy where ften () is markeed in the feft column)
Total number of sheets (including the copy of the sequence listing in electronic
sequence Listing part of the description 57 WM form [ Anmex C/ST.25 text file) not forming
if filed as an image file) .......... : 53 part of the intemational application but
furnished only for the purposes of
() sequence listing part of the description international search under Bule | 3ree
. . 14}, D fomrrly swliere flem {j':l ix mraarkoeed frr dhhe Fn::'.lrr eorleernir)
() gl’:l in the form of an Annex C/ST.25 text a statement confinming that “the information
recorded in electronic form submitted under
O WILL BE filed separately on physical data Fule 1 3rer 15 identical o the sequence histing
carrier(s), on the same day and in the form S c_unl:nir_md_j!'tlllm international applicaton™
of an Annex C/ST.25 text file asfiledvin EFS-Web: ..o oo
- 1 | 1 . H . x| e 7 .
Indicate type and number of physical data 11. O copy of results of earlier searchies) (Rule 124is.1())
T 1 o 12, B other (specifi: Transmittal Lettec ... .. ... 4
Figure of the drawings wlich 4 Language of filing of the Enalish
should sceompany the abstract: international application: g
Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Newt to vech sigenture, indicate the verwe of the prerson signing and the copecite in which the peeson signs (i sweh capacity i it olwios from reading e reguasih

/Gregory

D. Caldwell/

Gregory D. Caldwell
Attarney for Applicant(s)
Reg. No. 39,926

I, Date of semal receipt of the purporied
intermational application:

For receiving Office use only

10 NOVEMBER 2011 (10.11.11) 2. Drawings:

3. Corrected date of actual receipt due 1o later but
timely received papers or drawings completing
Lthe purported intemational application:

4. Date of imely rﬁ:c)i{:ll of the required
corrections under PCT Article 11(2):

5. Imternational Searching Authority
(if twio or more are competent )

15A /EP

. Tranzmittal of search copy delayed
until search fee is paid

D received:

D not received:

Dhate of receipl of the record copy
by the International Burean:

For Intemational Burean use only

Form PCT/ROC101 (last sheet = EFS) (January 2010)

See Netes to the regquest form
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WO 2013/070232 A1 I 00T 0 A

(43) International Publication Date

Organization
International Burcay

=

—-"’/
16 May 2013 (16.05.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (IPCT)
(19 Waorld Intellectual Property =

(107 International Publication Number

WO 2013/070232 Al

WIPO  PCT

(51 International Patent Classification: (B1y Dresignated States jeoless oderwise indicoted, for every

HOGE A0 200601 HOGE 120 (2006,00 ) kind of martornal proteceion available)s AL AG, AL, AM,

. i AL AT, AL, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

) A N T IS201 LIOSIZ6S CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

e = D, BEC, EE, BEG, ES, FL, GB, GD, GE, GH, GM, GT, HMN,

(22) International Filing Date: HE, HU, 1D, DL, DN, 5,00, KE, KG, KM, KN, KPP, KR,

10 Movember 2001 {101,201} KZ LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

o MICE, MK, BN, MW, M, MY, MZ, NA, WG, NI MO, NE,

(25) Flling Languuge: Englizh OM, PE, PG, PH, PL, PT, A, RO, RS, RU, RW, 5C, 5D,

26) Publication Lansuase: Enalish SE, S, SK, SL, SM, ST, 8V, SY, TH, TL, TM, TN, TR,
(26) Rl e T, TZ. UA. UG, US, UZ, VC, VN, ZA. ZM, ZW.

T1y Applicant (e all dess sl Sty eveepn LIS ASSIAL
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collecting data from one or more comimunication wnits
401

generating a policy. Tor each of the cne cr more
communicaton units, based on the collected data
402

i

sending the polcy to each of the one or more
commurscation units, whersin the palicy comprises
conditions for operation of the one or More communicaton
wnits, whergin the ong o mang communicalion units
implement the policy according to ime-varying data
403

(57) Abstract: Deseribed herein are apparatus, system, and
method for optimizing performance of one or more Comemg-
nication umits by a remode server, The method comprises:
collecting data from the one or more communication units;
generating a policy, for cach of the one oF More coOMMUIcH-
tion units, based on the collected dota; and sending the policy
to cach of the ong or more communication units, wherein the
l'hjliq.:y Wllipl'i,\\,:a. conditions for operat o of the one or mong
communication units, wherein the one or more commminica-
tion wits mplement the policy sceording 10 lime- varying
data. The system comprises: one of mofe communication
units; and o server operuble 0 communicate with the one or
more communication units, wherein the server comprises: a
memory, and a processor, coupled o the memory, and oper-
able w perform the method discussed above.
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METHOD, APPARATUS, AND SYSTEM FOR OQPTIMIZING PERFORMANCE

OF A CoMMUNICATION UNIT BY A REMOTE SERVER

FiELD OF THE INVENTION

(0001 Embodiments of the invention relate generally to the field of
communication systems, More particularly, embodiments of the invention relate to
method, apparatus, and system for optimizing performance of a communication unit
by a remote server.

BACKGROUND

[0002] Fig. 1 is an exemplary prior art communication system (CS5) 100 with
an access point {AP) 101 and one or more wireless stations 102 5. The AP 101
exchanges user data with the one or more stations 102 over wireless channels
indicated by the arrows. The characteristics of the wireless channels and
noise/interference are not constant and vary rapidly over time. For example, noise
and interference levels from nearby noisefinterference sources rapidly changes that
cause the characteristics of the wireless environment to change. To cope with such
rapid changes in the noise and interference levels, the CS 100 adapts transmission
strategies o enhance performance of CS 100, One such known strategy is
Adaptation Algorithm. The term “Adaptation Algorithm™ herein refers to time-
varying and environment-change-dependent transmission or control strategies for a
CS. The adaptation algorithm is implemented in the AP 101 that adapts the wireless
channels and noisef/interference for communication with the one or more stations
102 1.

[0003] For instance, the transmission rate of Institute of Electrical and
Electronics Engineer (IEEE) 802,11 g standard based WiFi communication system is
rapidly adapted between 6Mbps and 54Mbps depending on the link quality and the
rate selection method (also known as the rate adaptation algorithm) implemented in
the WikFi communication system. Such rate adaptation algorithm within the WiFi
communication system uses real-time data that are collected by the AP 101 of the
WiFi communication system itself’ as an input to the adaptation algorithm 103, and a

rate change in the link occurs when the real-time data meets a pre-defined criteria.
1

Charter Communications, Inc.
Exhibit 1008
Page #2085



WO 2013/070232 PCT/US2011/060265

[0004] A possible rate adaptation algorithm 103 is to change transmission
rate of signals by the AP 101 within the WiFi communication system when the
measured RSS1 (Received Signal Strength Indication) becomes oo large or too
small for the current rate in use. Another possible adaptation algorithm 103 is to
increase the transmission rate of signals by the AP 101 whenever packets are
successfully received by the AP 101 and/or the one or more stations 102 for M
{e.g., 3) times and decrease rate whenever packets are unsuccessfully received for P
{e.g., 2) times. While such adaptation algorithms 103 are required for WiFi
communication systems to function properly, the rules and thresholds vsed by the
methods are decided by a system designer of the WiFi communication system.
Furthermore, a specific adaptation algorithm 103 is included in the firmware and
loaded to the WikFi communication system. Hence, the adaption algorithm 103 is
static in nature.

[000S] Therefore, the actual performance of the rate adaptation algorithm
103 is dependent on the assumptions made by the designer of the WiFi
communication system. These assumptions may be static assumptions that do not
change over time. The designer’s assumptions, however, may be quite different
from the actual operational environments and the WiFi communication system 100
may suffer from low performance due to non-ideal design of the static adaptation
algorithm 103,

[0006] The impact of such differences in the assumptions can be significant
in a large-scale deployment where many communication devices, such as AP’s,
independently operate. In such a deployment, every single communication
environment is unigue and the best adaptation method for each environment can be
quite dependent on its own environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[000T] Embodiments of the invention will be understood more fully from

the detailed description given below and from the accompanying drawings of
various embodiments of the invention, which, however, should not be taken to limit
the invention to the specific embodiments, but are for explanation and

understanding only.

Charter Communications, Inc.
Exhibit 1008
Page #2086



WO 2013/070232 PCT/US2011/060265

[0003] Fig. 1 is a high level system of a typical communication system

using a static adaptive algorithm.

[0009] Fig. 2 is a system for optimizing performance ol a WiFi
communication system by a remote server, according to one embodiment of the
invention.

[0010] Fig. 3 is a system for optimizing performance of a Digital Subscriber

Line {DSL) communication system by a remote server, according to one
embodiment of the invention.

[0011] Fig. 4 is a method performed by a remote server for oplimizing
performance of the communication system by the remote server, according to one
embodiment of the invention.

[0012] Fig. 5 is a method performed by the communication system for
optimizing performance of the communication system by the remote server,
according to one embodiment of the invention.

[0013] Fig. 6 is a processor-based system having machine-readable storage
medium with computer executable instructions for optimizing performance of the
communication system by the remote server, according to one embodiment of the

invention.

UMMARY OF THE INVENTION

[0014] The following presents a simplified summary of the embodiments of
the invention in order to provide a basic understanding of some aspects of the
embodiments. This summary is not an extensive overview of the embodiments of
the invention. It is intended to neither identify key or critical elements of the
embodiments nor delineate the scope of the embodiments. lis sole purpose is 1o
present some concepts of the embodiments of the invention in a simplified form as a
prelude to the more detailed description that is presented later.

[0D15] Embodiments of the invention relate to method. apparatus, and
system for optimizing performance of a communication unit by a remote server. In
one embodiment, the method for optimizing performance of one or more
communication units by a remote server, comprises: collecting data from the one or
more communication units; generating a policy, for each of the one or more

communication units, based on the collected data; and sending the policy to each of
3
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the one or more communication units, wherein the policy comprises conditions for
operation of the one or more communication units, wherein the one or more
communication units implement the policy according o time-varying data.

[0D16] In one embodiment, the system includes a machine-readable storage
medium having computer executable instructions stored thereon that when executed
cause a processor of a remote server to perform the method for optimizing
performance of one or more communication units by the remote server.

[0017] In one embodiment, the communications system comprises a WiFi
Access Point or a Digital Subscriber Line Access Multiplexer (DSLAM) to perform
a method for optimizing performance of one or more communication units coupled
to the WiFi Access Point or the DSLAM. In one such embodiment, the method
comprises: sending data from one or more communication units to a remote server;
receiving a policy from the remote server, wherein the policy comprises conditions
for operation of the one or more communication units; and executing the policy by
implementing one of first and second algorithms based on the conditions and time-
varying data.

[0018] In one embodiment, the system includes a machine-readable storage
medium having computer executable instructions stored thereon that, when
executed. cause a processor, of the WiFi Access Point or the DSLAM. 1o perform
the method for optimizing performance of one or more communication units
discussed above,

[0019] In one embodiment, the apparatus comprises: a memory; and a
processor, coupled to the memory, and operable to: analyze data from one or more
communication units; generate a policy, for each of the one or more communication
units, based on the collected data: and send the policy to cach of the one or more
communication units, wherein the policy comprises conditions for operation of the
one or more communication units, wherein the one or more communication units
implement the policy according to time-varying data.

[0020] In one embodiment, the system comprises: one or more
communication units; and a server operable to communicate with the one or more
communication units, wherein the server comprises: a memory: and a processor,

coupled to the memory, and operable to: analyze data from the one or more
4
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communication units; generate a policy, for each of the one or more communication
units, based on the collected data; and send the policy to each of the one or more
communication units, wherein the policy comprises conditions for operation of the
one or more communication units, wherein the one or more communication units
implement the policy according to time-varying data.

[0021] In one embodiment, the communication unit comprises: a transmitter
to send data to a remote server; a receiver to receive a policy from the remote
server, wherein the policy comprises conditions for operation of the communication
unit; and a processor to execute the policy by implementing one of first and second
algorithms based on the conditions and time-varying data.

[0022] The embodiments of the invention are not limited to DSL or WiFi
communication systems of the examples and embodiments above, but apply to any
communication system that needs to run/execute adaptation algorithms {(also called
algorithms) to cope with real-time variations in link channel, noise, interference, and
other factors that affect the communication performance. The policy generated by
the remote server can be a result of analyzing hundreds (or even millions) of
similarly sitwated communication units, or any other expert knowledge made
available to the remote server. Generally, a communication unit does not have the
processing power, storage space, or access to large amounts of data to generate the
best policy to achieve optimal performance efficiency. Furthermore, a
communication unit typically does not have access to historical data related to
communications with other stations. Additionally, communication units may lose
history data when there is power outage or user-initiated power cycling. The remote
server resolves the above problems and provides an optimum policy for the
communication units to use that can be based on analysis of a large amount of
operational data of the communication units and other similarly situated
communication units or any other expert knowledge.

[0023] While the summary of the invention has been described in
conjunction with specific embodiments thereof, many alternatives, modifications
and variations of such embodiments will be apparent to those of ordinary skill in the

art in light of the following description. The embodiments of the invention are
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intended to embrace all such alternatives, modifications, and variations as to fall
within the broad scope of the appended claims.

[0024] The following description and the annexed drawings set forth in
detail certain illustrative aspects of the embodiments of the invention. These
aspects, however, are only indicative of the various ways in which the principles of
the embodiments of the invention may be employed. The embodiments of the
invention are intended to embrace all equivalents in the form of alternatives,
modifications, and variations that fall within the broad scope of the appended
claims. Other advantages and novel features of the embodiments of the invention
will become apparent from the following detailed description of the embodiments of
the invention when considered in conjunction with the drawings.

DETAILED DESCRIFTION

[0025] Embodiments of the invention relate to method, apparatus, and
system for optimizing performance of a communication unit by a remote server, As
mentioned in the background section, the actual performance of the communication
unit could be dependent on the assumptions made by the designer of the
communication system. In one example, as provided in the background section, the
actual performance of the WiFi rate adaptation algorithm is dependent on the
assumptions made by the designer of the WiFi communication system. These
assumptions may be static assumptions that do not change over time. The
designer’s assumptions, however, may be quite different from the actual operational
environments and a WiFi communication system might suffer from low
performance due to non-ideal design of the adaptation algorithm.

[0026] To overcome the above problem, the embodiments herein describe a
method, system and apparatus that analyzes real-time and history of operational data
related to a communication system and provides rules and conditions for the
communication system to improve its performance. The rules and conditions
specify the characteristics of the real-time and historical operational data such that
the communication unit can select and use the most desired adaptation algorithm to
use. In one embodiment, a remote server (also called an optimization center) is
operable to collect and process large amounts of data related to the communication

system and determine rules and conditions for the communication system that will
<
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improve the performance of the communication system. In one embodiment, the
remote server collects data periodically and provides updated rules and conditions
periodically for the communication system to adapt so that it may improve its
performance. The embodiments herein are not limited to a communication system
but can be used for any type of communication system that needs to be updated over
time to improve its performance to changing environments.

[0027] The term “performance™ herein refers to a combination of factors
including data rate, throughput, power consumption, power, error rate, latency,
jitter, ete. Improving performance of the communication system includes increasing
data rate, throughput, reducing error rate and latency, improving jitter, power
consumption, etc for the communicating system.

[0023] The technical effect of the embodiments discussed herein is the
improvement of performance of a communication system (e.g., WiFi, Digital
Subscriber Line (DSL), etc) by providing the communication system with rules and
conditions that were previously not conceivable by the communication system due
to lack of information and processing power needed to generate the rules and
conditions. In one embodiment. a dedicated server {(also referred as “remote
server’” or “optimization center’”) may be used to collect operational data related to
the communication system. where the operational data may not be accessible or
storable by the communication system itself {e.g.. data from other communication
units or old data that cannot be stored due to memory limitations) process the
operational data and provide rules and conditions that when adapted by the
communication system causes the performance of the communication system to
improve.

[0029] For example, the remote server is operable to perform a statistical
analysis of hundreds (or even millions) of communication systems working in a
similar environment as the communication system of interest. In one embodiment,
the remote server is operable to indicate to the communication system of interest
how it can improve its overall performance, for example, by aggressively choosing
higher transmission rates as opposed to conservatively choosing lower transmission

rates.
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[0030] In one embodiment, when the WiFi communication system has the
capability to decode and execute a pre-defined pseudo-code, the remote server can
consider many more algorithms that are known to it and send the rules and/or
conditions for the algorithm to be used by communication units, For example, the
remote server develops a pseudo-code for the communication unit to execute so that
it may improve its communication performance. In one embodiment, the pseudo-
code is stored in the memory of the communication unit, example memory of an
Access Point. The pseudo-code may be coded in any software coding language that
is executable by the communication unit, example by a processor of the Access
Point. In one embodiment, as the remote server becomes aware of newer and better
algorithms, it enforces some of the communication systems to use one of them by
sending a proper pseudo-code to the communication units of the communication
system.

[0031] In the following description, numerous details are discussed to
provide a more thorough explanation of embodiments of the present invention. It
will be apparent. however, to one skilled in the art, that embodiments of the present
invention may be practiced without these specific details. In other instances, well-
known structures and devices are shown in block diagram form, rather than in
detail, in order to avoid obseuring embodiments of the present invention.

[0032] Note that in the comresponding drawings of the embodiments, signals
are represented with lines. Some lines may be thicker, to indicate more constituent
signal paths, and/or have arrows at one or more ends, to indicate primary
information flow direction. Such indications are not intended to be limiting.
Rather, the lines are used in connection with one or more exemplary embodiments
to facilitate easier understanding of a circuit or a logical unit. Any represented
signal, as dictated by design needs or preferences, may actually comprise one or
more signals that may travel in either direction and may be implemented with any
suitable type of signal scheme.

[0033) In the following description and claims, the term “coupled™ and its
derivatives may be used. The term “coupled” herein refers o two or more elements

which are in direct contact (physically, electrically, magnetically, optically, etc.).
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The term “coupled™ herein may also refer to two or more elements that are not in
direct contact with each other, but still cooperate or interact with each other,
[0D34] As used herein, unless otherwise specified the use of the ordinal
adjectives “first,” “second,” and “third,” ete., to describe a common object, merely
indicate that different instances of like objects are being referred to, and are not
intended to imply that the objects so described must be in a given sequence, either
temporally, spatially, in ranking or in any other manner.

(0035 Fig. 2 is a system 220 for optimizing performance of a WiFi
communication system 200 by a remote server 204, according o one embodiment
of the invention. In one embodiment, the communication system 200 is similar to
the communication system of Fig. 1, but is operable to communicate with the
remaote server 204 (interchangeably referred to as an optimization center). In one
embodiment, the WiFi communication system 200 includes an Access Point { AP)
201 which comprises a processor 209, memory 210, and an adaptation algorithm
203 (which may be stored in the memory 210). In one embodiment, the AP 201 is
operable to communicate with one or more stations 202, ~, where N is an integer
equal to or greater than 1, by WiFi signals 211.x. The term “adaptation algorithm™
is interchangeably referred to as “algorithm.”

[0036) While the embodiment of Fig. 2 illustrates a WiFi communication
system 200 with a single AP 201, multiple APs may be used in the WiFi
communication system 200 which are operable to communicate with the remote
server 204 via the Communication Channel 208. In the embodiments discussed
herein the remote server 204 is not part of the communication system 200. In such
an embodiment, the communication channel may be one of: the Internet, a TR-069
{Technical Report 069) compatible communications protocol: a Transmission
Control Protocol/Internet Protocol (TCP/IP) communications protocol; a Simple
Network Management Protocol (SNMP) communications protocol; an out-of-band
telephone line protocol; a Digital Subscriber Line Ethernet over Coax (DSL EOC)
communications protocol: a cable control channel communications protocol: a
powerline control channel communications protocol: a Command Line protocol

(CLI: via a wireless device: or via a mobile device.
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[0037] In one embodiment, the logic unit representing AP 201 and/or the
stations 202 can be at least one of the following communication units: a base
station; a wireless Local Area Network (LAN) device: a DSLAM: a gateway: a
performance enhancement deviee; a Digital Subseriber 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 (IP) 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; an Ethernet connected router; an
Ethernet connected wireless bridge: an Ethernet connected network bridge: and an
Ethernet connected network switch.

[0038] In one embodiment, the remote server 204 is operable to
communicate with the AP 201 and/or with any or all of the stations 202, y via the
communication Channel 208, In one embodiment the remote server 204 is a cloud
server. In one embodiment, the remote server 204 comprises a processor 206,
which may be one or more processors, a memory 207 for storing processor
executable instructions, and a database 205 to manage data related to the
communication system 200,

[D39] In one embodiment, the remote server 204 performs a method for
optimizing performance of one or more communication units including the AP 201
and the stations 202y.x. In one embodiment, the remote server 204 is operable to
collect data from the one or more communication units (AP 201 andfor the stations

2021 %). In one embodiment, the remote server 204 periodically collects data from

the one or more communication units. The term “periodically™ herein refers to

regular intervals e.g., once a day, morning and evening of every day, etc.
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[0040] In one embodiment, the remote server 204 is operable to generate a
policy, for each of the one or more communication units (AP 201 and/or the stations
202 ) based on the collected data. In one embodiment, the remote server 204 is
operable to transmit/send the policy to each of the one or more communication units
(AP 201 and/or the stations 202 ). The policy generated by the remote server 204
is a result of analyzing hundreds {(or even millions) of similarly situated
communication units. Generally, an AP does not have the processing power,
storage space, or access to large amounts of data to generate the best policy to
achieve optimal performance efficiency. Furthermore, an AP does not have access
to historical data related to communication with other stations. Additionally, APs
may lose data when there is power outage or user-initiated power cycling. The
remove server 204 resolves the above problems and provides an optimum policy for
the AP 201 1o use based on analysis of large amount of operational data of the
communication system 200 and other similarly situated communication systems.
[0041] Examples of similarly situated communication systems include
communications systems having similar communication units, For example, an AP
with same power, speed, and brand, and operating with similar (i.e., within 10%)
number of stations. Similarly situated communication systems also include
communications systems in different geographical areas,

[0042] In one embodiment, the remote server 204 transmits/sends the policy
to each of the one or more communication units (AP 201 and/or the stations 202 x)
periodically. For example. the remote server 204 may transmit/send the policy to
each of the one or more communication units (AP 201 and/or the stations 202 .s)
when the bandwidth usage of the AP 201 is low (e.g., the AP 201 is operating less
than 50% of its capacity to serve communication units) so that it may implement the
new policy sent by the remote server 204,

[0D43] In one embodiment, the policy comprises rules and/or conditions for
operation of the one or more communication units (AP 201 and/or the stations 202
w). For example, the policy comprises first and second algorithms for adapting the
AP 201 to improve its performance. In one embodiment, the one or more

communication units (AP 201 and/or the stations 202 _4) implement the policy
11
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according to time-varying data. In one embodiment, the time-varying data
comprises location information, cwrrent time, and operational data of the one or
more communication units (AP 201 andfor the stations 202 ). In one
embodiment, the location information is determined from a Global Positioning
System (GPS) device or setup. The embodiments herein are not limited to two
algorithms, but any number of algorithms may be used.

[0044] In one embodiment. the communication unit (AP 201 and/or the
stations 202 .y) comprises a transmitter to send data to the remote server 204; a
receiver to receive a policy from the remote server 204; and a processor to execute
the policy by implementing one of first and second algorithms based on the
conditions and time-varying data. The communication units generally do not have
the capability in terms of processing resources, access to historical operational data,
access o operational data of other similarly sitnated communication units, etc.
Therefore, the prior art communication units cannot use such information for
improving their performance. The transmitter discussed above provides data to a
central location, i.e. the remote server 204, that has the capability in terms of
processing resources, access o historical operational data. access 1o operational data
of other similarly situated communication units, ete, so that it may use such
information generate rules and conditions for operating the communication units
with enhanced performance. These rules and conditions were previously not
conceivable by the communication system (e.g., communication system of Fig. 1)
due to lack of information and processing power needed to generate the rules and
conditions. The remote server 204, after computing the rules and conditions,
provides the rules and conditions to the processors of the communication units,
wherein the processors executes their respective policies by implementing one of

first and second algorithms based on the rules and/or conditions and time-varying

data.

[0045] In one embodiment, the one or more communication units (AP 201
and/or the stations 202, _y) are operable to receive the policy along with one of the
first and second algorithms based on the conditions and/or the time-varying data,

wherein the first and second algorithms did not exist in the one or more

12
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communication units (AP 201 and/or the stations 202 ) prior to being provided by
the remove server 204, In such an embodiment, the remote server 204 installs a
new algorithm 203 in the AP 201, where the new algorithm is executed by the
processor 209 of the AP 201.

[0046] In one embodiment, the one or more communication units (AP 201
and/or the stations 202, ) are operable to receive the policy and implement one of
first and second algorithms based on the rule and/or conditions and/or the time-
varying data, wherein the first and second algorithms previously existed in the one
or more communication units (AP 201 and/or the stations 202, ). In such an
embodiment, the remote server provides recommendations to the communication
units (AP 201 and/or the stations 202 ) to use either the first or second algorithm
50 the communication system 200 may improve its performance.

[0047] The conditions may include at least one of: choice of selecting one of
the first or second algorithms based on current SNIR (Signal to Noise and
Interference Ratio); choice of selecting one of the first or second algorithms based
on current time; choice of selecting one of the first or second algorithms based on
operational data of the one or more communication units; and choice of selecting
one of the first or second algorithms based on location information. In other
embodiments. other conditions may be used in conjunction or absence to the above
listed conditions. The rules may include equations, when executed in the
algorithms, will change how the conditions are evaluated by the algorithms.
[0048] In one embodiment. the remote server 204 generates the policy by
performing analysis on the collected data, wherein the collected data comprises
operational information and historical data about each of the one or more
communication units, In one embodiment, the remote server 204 applies the
analysis to generate conditions for when to implement one of the first and second
algorithms. In one embodiment, the remote server 204 generates the policy by
generating a pseudo-code or code for an adaption algorithm to be executed on the
one or more communication units (AP 201 and/or the stations 202 ).

[0049] In one embodiment, the first algorithm comprises: monitoring
received signal strength indication (RSSI); and adapting a data rate according to a

13

Charter Communications, Inc.
Exhibit 1008
Page #2097



WO 2013/070232 PCT/US2011/060265

mapping of the RSS1 from a lookup table. In one embodiment, the second
algorithm comprises: counting a first number of consecutive successtul
transmissions from the one or more communication units Lo other communication
units; counting a second number of consecutive failed transmissions from the one or
more communication units to other communication units; adjusting a data rate when
the first number exceeds a first threshold; and adjusting the transfer rate when the
second number exceeds a second threshold. In other embodiments, other algorithms
may be used for first and second algorithms.

[0050] The following is an exemplary embodiment showing the process of
determining an optimum algorithm by the remote server 204, In one embodiment.
the remote server 204 selects one of the first or second algorithms for the
communication units (AP 201 and/or the stations 202 ») to achieve optimal
performance efficiency for the communication system 200, In one embodiment,
first algorithm determines data transmission rates for the communication units based
on RSSI while the second algorithm determines data transmission rates based on a
number of consecutive successful transmissions and on a number of consecutive
failed transmissions. As mentioned above, in one embodiment, the communication
units (AP 201 and/or the stations 202 _4) have the first and second algorithms
previously stored, but do not know which algorithm is more efficiency for the
communication system 200. In such an embodiment, the remote server 204
provides recommendations to the communication units about which algorithm to
use,

[0051] In one embodiment, in the first algorithm the communication units

(AP 201 and/or the stations 202 _y) monitor the RSSI in real-time and adapts their

transmission rates according to the instantaneous RS51 value using a mapping table

(Table 1) as shown below.

~ RSSivalie | Rawe
-92dBm or below | 6Mbps
-92dBm~-90dBm | 9Mbps
-00dBm~-88dBm | 12Mbps
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-88dBm~-86dBm | 18Mbps
-86dBm~-84dBm | 24Mbps
-84dBm~-82dBm | 36Mbps
-82dBm~-80dBm | 48Mbps
-80dBm or above | 54Mbps

Table 1: RSSI (o rate mapping for first algosithim

[0052] Table 1 is only shown as an example and a person skilled in the art
would realize that the communication units may use different rates for different
RSSI values other than the ones shown above.,

[0053] In one embodiment, the second algorithm for the communication
units (AP 201 and/or the stations 202 ) uses a higher data rate after K (e.g.. 10)
consecutive successful transmissions, and uses a lower data rate after M {(e.g.. 2)
consecutive failed transmissions. In one embodiment, the communication units (AP
201 and/or the stations 202 _y) provide to the remove server 204 operational data
including R85, SNR, rate used for transmitting a packet, corresponding result on
successful packet delivery, and other relevant data collected in real-time. In one
embodiment, communication units (AP 201 and/or the stations 202 ) may
accumulate such data within the communication units (AP 201 and/or the stations
202, %) and then send the accumulated data to the remote server 204. In one
embodiment, the data transmitted to the remote server 204 is non-real-time data
because it is sent after some time (e.g., end of the day).

[0054] In one embodiment, the remote server 204 stores such data in its
database 205 and performs a full analysis based on all the stored data and any other
knowledge available at the remote server 204, In one embodiment, the other
knowledge includes similar statistics, as those provided by the communication units
(AP 201 and/or the stations 202 ) to the remote server 204, from other similar
communication units in other similar geographical localities,

[0055] In one embodiment, the remote server 204 determines the presence

of intermittent high-power interference from other near-by WikFi systems. When
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other WiFis" high-power packets collide with the communication system 200's
packet, the packet is lost regardless of the rate selection. In one embodiment, the
remote server 204 determines that other noise or interference is never observed lor
the communication system 200, and coneludes that it is best to adapt rates for the
communication units (AP 201 and/or the stations 202 ) as a function of channel
strength, or RSS1, only. In such an embodiment, the remote server 204 sends a
control signal to communication units (AP 201 and/or the stations 2002, ) asking the
communication units (AP 201 and/or the stations 202 _4) to use the first algorithm
all the time instead of the second algorithm.

[0056] In one embodiment, the remote server 204 determines that there is no
high-power WiFi interference at all, but channel changes taster than typical static
indoor wireless channel (possibly due to people moving around the AP 201). For
example, the channel variation tends to be faster between noon and midnight. In
such an embodiment, the remote server 204 concludes that it is best to use the
second algorithm instead of the first algorithm by the communication units (AP 201
and/or the stations 202 n).  In one embodiment, the remote server 204 may
determine optimum values for K and M to be used by the communication units (AP
201 and/or the stations 202 ) in different times of the day. For example, K=10
and M=1 between noon and midnight; and K=20 and M=2 between midnight and
naon.

[0D57] In one embodiment, the remote server 204 sends a control signal to

communication units (AP 201 and/or the stations 202 ) asking communication

units (AP 201 and/or the stations 202 ) to use the second algorithm with the
optimized K and M values depending on time in the day. In case the WiFi
communication system 200 is not capable of changing the values of K and M as a
function of time. the remote server 204 can send two control signals per day. one at
noon and another at midnight,

[0058) In one embodiment, when the WiFi communication system 200 has
the capability to decode and execute a pre-defined pseudo-code, the remote server
204 can consider many more algorithms that are known to it and send the rules

and/or conditions for the algorithm to be vsed by communication units (AP 201
1la
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and/or the stations 202, y). In one embodiment, the remote server 204 develops a
pseudo-code for the communication unit 1o execute so that it may improve its
communication performance.  In one embodiment, the pseudo-code is stored in the
memory of the communication unit, example memory 210 of the AP 201, The
pseudo-code may be coded in any software coding language that is executable by
the communication unit, example by the processor 209 of the AP 201, In one
embodiment, as the remote server 204 becomes aware of newer and better
algorithms, it enforces some of the communication systems to use one of them by
sending a proper pseudo-code to the communication units (AP 201 and/or the
stations 202 ) of the communication system 200,

[0059] Fig. 3 is a system 320 for optimizing performance of a Digital
Subseriber Line (DSL) communication system 300 by the remote server 204,
according to one embodiment of the invention. The embodiment of Fig. 3 is similar
to the embodiment of Fig. 2 in concept, but applicable for DSL systems. The
embodiments of the invention are not limited to DSL or WiFi communication
systems, but apply to any communication system that needs to runfexecute
adaptation algorithms (also called algorithms) to cope with real-time variations in
link channel, noise. interference, and other factors that affect communication
performance.

[0060] In one embodiment, the DSL communication system 320 comprises
a Digital Subscriber Line Access Multiplexer (DSLAM) 301 that connects to one or
more Customer Premises Equipment (CPEs) 302y by means of DSL signals 304,
n» Where N is an integer equal to or greater than 1. In one embodiment, the remote
server 204 performs a method for optimizing performance of the one or more
communication units including the DSLAM 301 and the CPEs 302 .. In one
embaodiment, the remote server 204 is operable to collect operational data from the
one or more communication units (DSLAM 301 and/or the CPE 302 ). In one
embodiment, the remote server 204 periodically collects operational data from the
one or more communication units.

[0061] In one embodiment, the operational data collected by the remote

server 204 includes at least one of: band preference indication; margin cap mode
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indication; indication that margin per tone should be kept smaller than the maximum
SNR (Signal to Noise Ratio) margin; service priorities pertaining to net data rate;
service priorities pertaining to excess margin: service priorities pertaining Lo excess
margin per tone; serviee priorities pertaining to delay; service priorities pertaining to
impulse noise protection; indication of loading algorithms used with a first DSL
system; indication of power allocation algorithms used with the first DSL system:
maximum attainable data rate; current data rate; margin; channel attenuation per
tone; average attenuation; quiet line noise per tone; active line noise per tone; SNR
per tone; transmitted PSD per tone; downstream power back-off shaped parameters
(DPBOSHAPED}: upstream power back-off shaped parameters (UPBOSHAPED);
echo response; band preference; margin cap mode; Forward Error Correction (FEC)
count; code violation count; errored seconds; severely errored seconds; number of
retraining count; current delay: error distributions; current impulse noise protection:
or FEC and interleaving parameters. The above listed operational data is not an
exclusive list. More operational data may be used by the remote server 204 to
compute rules and/or conditions for the communication units.

[0062] In one embodiment, the remote server 204 collects configuration
parameters associated with the one or more communication units. The
configuration parameters include at least one oft maximum nominal power spectral
density (MAXNOMPSD); maximum nominal aggregate transmit power
(MAXNOMATP): power cutback (PCB): DPBOSHAPED; UPBOSHAPED: fine
gains; gi; transmit spectral scaling factors; tssi; power spectral density mask
{(PSDMASK); power spectral density level; maximum received power
(MAXRXPWR): upstream power “back-oft™ parameters (UPBOKLE); margin cap
mode: carrier mask (CARMASK); minimum impulse noise protection (MININP):
maximum delay (MAXDELAY ); target margin (TARSNREM ): minimum SNR
margin (MINSNEM): maximum SNR margin (MAXSNREM); band preference
indication (PREFBAND); target data rate; minimum data rate; maximum data rate;
FEC and interleaving parameters: per tone bit cap (BCAP[n]); per tone target
margin {TARSNRM[n]); reference noise (REFNOISE). The above listed

configuration parameters is not an exclusive list. More configuration parameters
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may be used by the remote server 204 to compute rules and/or conditions for the
communication units,

[0063] As discussed with reference to Fig. 2, the remote server 204 of Fig. 3
is operable to generate a policy, for cach of the one or more communication units
(DSLAM 301 and/or the stations 302 ), based on the collected operational data,
according to one embodiment. In one embodiment, the remote server 204 is
operable to transmit/send the policy to each of the one or more communication units
{DSLAM 301 and/or the CPE 302 y). The policy generated by the remote server
204 is a result of analyzing hundreds (or even millions) of similarly situated
communication units. The DSLAM 301 does not have the processing power,
storage space, or access to large amounts of data to generate the best policy to
achieve optimal performance efficiency. Furthermore, DSLAM 301 does not have
access to historical data related to communication with other CPEs connected to
other DSLAMSs. Additionally, DSLAM 301 may loose data when there is power
outage or user-initiated power cycling. The remote server 204 resolves the above
problems and provides an optimum policy for the DSLAM 301 to use based on
analysis of large amount of operational data of the communication system 300 and
other similarly situated communication systems. The optimum policy can be
determined based on expert knowledge outside of the communication system where
the expert knowledge can be obtained from lab testing, simulation or any other
research methods. The policy can be adaptively modified even after the full

deployment of the communication system, and hence does not suffer from limited

knowledge that is used at the time of manufacturing the communication system. In
the embodiments discussed herein the remote server 204 is not part of the
communication system 300.

[0064] In one embodiment, when the DSL communication system 300 has
the capability to decode and execute a pre-defined pseudo-code, the remote server
204 can consider many more algorithms that are known to it and send the rules
and/or conditions for the algorithm to be wsed by communication units (DSLAM
301 and/or the CPEs 302 ). In one embodiment, the remote server 204 develops a

pseudo-code for the communication unit to execute so that it may improve its
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communication performance. In one embodiment, the pseudo-code is stored in the
memory of the communication unit, example memory 310 of the DSLAM 301, The
pseudo-code may be coded in any software coding language that is executable by
the communication unit, example by the processor 309 of the DSLAM 301, In one
embodiment, as the remote server 204 becomes aware of newer and better
algorithms, it enforces some of the communication units to use one or more of them
by sending a proper pseudo-code to the communication units (DSLAM 301 and/or
the CPEs 302 _y) of the communication system 300.

[0065] Following is an exemplary embodiment of how the remote server
204 can improve the performance of a DSL system. In DSL systems, for example
the systemn 300, downstream (D5) margin is an important line performance metric
that can be monitored by CPEs 302 in real-time. In general, a higher margin
indicates an exponentially smaller chance of errors for the delivery of video or data
packets over DSL links 304, . When the margin becomes very small, typically
below (O0dB. the link will experience errors that can cause serious impacts on packet

delivery to the CPEs 302, . To prevent continuation of such an unreliable link

quality over a long time, CPEs 302 can initiate a retraining procedure and
improve the operation conditions. The retraining procedure may take 20 to 60
seconds. In one embodiment, the above feature of DSL systems is implemented by
CPEs 302y monitoring DS margins and initializing a retraining process when the
margin becomes below a pre-configured threshold value *T." Conventionally, “T" is
set to 0dB and controlled via the DSL line’s profile.

[0066] The remote server 204 may collect operational and performance data
of the DSL system 300, analyze the historical data (operational and performance
data) associated with the DSL system 300, and determine the best estimated value of
“T* for each line and applies the value to each line.

[0067] The term “line™ herein refers to a communication link {wired or
wireless) between the DSLAM 301 and the corresponding CPE. The value of *T”
may be analyzed per-line basis by the remote server 204. Different values of *T"
can be applied by the remote server 204 to different DSL lines depending on their

historical and environmental characteristics.
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[0068] Each CPE among the CPEs 302 applies an algorithm to tune its
performance. For example, the CPE applies a rule and/or condition to adapt the
value of *T" in real-time as a function of the real-time data (operational and
performance) that is available in the corresponding CPE. The CPEs 302,y are
operable to apply the following rules and conditions. If video traffic is observed by
the CPE over the line for more than t) {e.g., 1 minute), then the CPE updates the
value of *T" to *T" (e.e.. 2dB). Such a rule allows the CPE to react fast on
pixelization problems associated with video traffic. In this example, the conditions
are the choice of ‘t;” and “T,", while the rule is the “if, then” equation. Typically
cach retraining process of the CPE causes discontinuation/interruption of video and
data services for a short time (e.g., 10~45 seconds), but such an interruption can be
preferable to a persistent pixelization problem of the video traffic for several
minutes or more. If no video traffic is observed by the CPE for more than *t-" (e.g.,
10 minutes) then the CPE updates the value of “T” to *T2" (e.g.. 0dB). In this
example, the conditions are the choice of *t-" and *T»." while the rule is the “if,
then™ equation. This rule allows the CPE to reduce the chance of initiating a
retraining process that can interrupt data traffic. Data service is more resilient to
errors compared to video traffic, and the errors that can happen for a small margin
{e.z., 0~2dB) are likely tolerable for data traffic.

[0069] The above example of the rule and/or condition involves real-time
monitoring of the data of the DSL system 300 and real-time adaptation algorithm
within the DSL system 300. In some embodiments, the data of the DSL system 300
may nol be entirely in real-time but the data update may be frequent enough (e.g.. 5
minutes) to behave like real-time data,

[0070] In one embodiment, the threshold values *t;” “t>" *T," and *T5" used
by the rules/conditions discussed above are not statically kept in the DSL system
300, but optimized by the remote server 204. In one embodiment, the CPE
continues to keep its rulefcondition, but the parameters of the rules, i.e. the threshold
values (conditions) “t; “t=" “T," and *Ts,” are updated in the CPEs 302 by the

remote server 204. In such an embodiment, the remote server 204 collects and
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analyzes historical operational data and any side information (e.g., data from other
similarly situated DSL systems) that is available at the remote server 204,

[0071] Continuing with the exemplary embodiment discussed above, the
remote server 204 will choose ‘T,’= 0dB for a DSL line if pixelization has hardly

happened even for margins between 0 and 2dB in the historical operational data, but

e P

will choose “T| = 4dB if pixelization always occurred and continued for several
minutes for margins between 0 and 4B.  Such long-term adaptation of the rules by
remote server 204 allows the DSL system 300 to perform at its optimum ability
under all circumstances. In one embodiment, the switching of modes discussed
above happens in real-time or very frequently, but the update of threshold values or
rules to be used by the CPEs 302 5 happens at a much lower frequency. In one

embaodiment, the remote server transmits the updated policy (with new threshold
values) to the DSL system 300 a once per day.

[0072] While the embodiments of Fig. 3 are discussed in terms of margin
and video traffic in the DSL system 300, the embodiments can be applied to any
DSL or other communication system adaptation algorithm that reacts in real-time to
other data parameters without changing the essence of the embodiments of the
invention.

[0073] Fig. 4 is a method 400 performed by a remote server for optimizing
performance of a communication system, according to one embodiment of the
invention. Although the blocks in the flowcharts with reference to Fig 4 are shown
in a particular order, the order of the actions can be modified. Thus, the illustrated
embodiments can be performed in a different order, and some actions/blocks may be
performed in parallel. The flow chart of Fig. 4 is illustrated with reference o the
embodiments of Figs, 2-3.

[0074]) At block 401, the remote server 204 collects data (operational and/or
performance data) from the one or more communication units, As discussed above,

the communication units in Fig., 2 are AP 201 and/or the stations 202, _y while

communication units in Fig. 3 are DSLAM 301 and/or the CPE 302, . In one

embodiment, the communication units are at least one of a base station; a wireless
LAN device; a DSLAM: a gateway; a performance enhancement device; a DSL
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CPE modem; an in-home powerline device; a 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 STB/STU customer electronics device: an IP enabled
television; an [P enabled media player; an [P enabled gaming console; an Ethernet
gateway: a computing device connected to the LAN: an Ethernet connected
computer peripheral device; an Ethernet connected router; an Ethernet connected
wireless bridge; an Ethernet connected network bridge: and an Ethernet connected
network switch.

[D075] At block 402, the remote server 204 generates a policy, for each of
the one or more communication units based on the collected data. As discussed
above, the policy with reference to Fig, 2 comprises first and second algorithms
(also called adaptive algorithms). In one embodiment, the first algorithm
comprises: monitoring received signal strength indication (R551); and adapting a
transfer rate according to a mapping of the RS51 from a leokup table. In one
embodiment, the second algorithm comprises: counting a first number of
consecutive successful transmissions from the one or more communication units to
other communication units; counting a second number of consecutive failed
transmissions from the one or more communication units to other communication
units; adjusting a transfer rate when the first number exceeds a first threshold; and
adjusting the transfer rate when the second number exceeds a second threshold. In
other embodiments, other algorithms may be used for first and second algorithms.
[0076)] With reference to Fig. 3, the policy may comprise rules and
conditions such as the threshold values ‘t; " “t=" *T," and “T>" for the DSL system
300 and equations that use these threshold values. Other policies may be used for
the above systems of Figs. 2-3 and for other systems,

[0077] At block 403, the remote server 204 sends the policy to each of the

one or more communication units, wherein the one or more communication units
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implement the policy according to time-varying data (data collected by the
communication units of the communication systems).

[0078] Fig. 5 is a method 500 performed by a communication system for
optimizing performance of the communication system by a remote server, according
to one embodiment of the invention. Although the blocks in the flowcharts with
reference to Fig 5 are shown in a particular order, the order of the actions can be
modified. Thus, the illustrated embodiments can be performed in a different order,
and some actions/blocks may be performed in parallel. The flow chart of Fig. 5 is
illustrated with reference o the embodiments of Figs. 2-3. So as (o avoid
repetitiveness, only the processes performed by the communication units are
discussed.

[0079] At block 501, the one or more communication units send data to the
remote server 204. The data may be operational data, performance data, or any
other time-varying data. At block 502, the one or more communication units
receive a policy generated by the remove server 204, wherein the policy comprises
rules and/or conditions for operation of the one or more communication units. At
block 503, the one or more communication units execute the policy sent by the
remote server 204 to implement an algorithm based on the rules and/or conditions
and time-varying data. As discussed above, the policy with reference to Fig. 2
comprises first and second algorithms (also called adaptive algorithms). In one
embodiment, the first alzorithm comprises: monitoring received signal strength
indication (RS51}); and adapting a transfer rate according to a mapping of the RS5I1
from a lookup table. In one embodiment, the second algorithm comprises: counting
a first number of consecutive successful transmissions from the one or more
communication units to other communication units; counting a second number of
consecutive failed transmissions from the one or more communication units to other
communication units; adjusting a transfer rate when the first number exceeds a first
thresheld; and adjusting the transfer rate when the second number exceeds a second
threshold. In other embodiments, other algorithms may be used for first and second

algorithms. With reference to Fig. 3, the policy may comprise rules and conditions
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such as the threshold values t; t- T) and T» for the DSL system 300. Other policies
may be used for the above systems of Figs. 2-3 and for other systems,

[0080] Fig. 6 is a processor-based system 600 having machine-readable
storage medium with computer executable instructions 604 for optimizing
performance of the communication system by a remote server, according to one
embodiment of the invention. Machine-readable storage medium is one of 207,
2100 or 310 {collectively referred to as “207/201/310™). The computer/machine-
readablefexecutable instructions are executed by a processor (e.g., processor 206 of
the remote server, or processors 209 and 309 of the AP 201 or DSLAM 301
respectively). Elements of embodiments are also provided as a machine-readable
medium for storing the computer-executable instructions (e.g., instructions to
implement the flowcharts of Figs. 4-5 and other processes discussed in the
description).

[0081] In one embodiment, the processor-based system 600 further
comprises a database 601 to store data used by the instructions 604, In one
embodiment, the processor-based system includes a network interface 602 to
communicate with other devices. In one embodiment, the components of the
processor-based system 600 communicate with one another via a network bus 603,
[0082] The machine-readable storage mediom 207/210/310 may include, but
is not limited to, flash memory, optical disks, hard disk drive (HDD), Solid State
Drive (SS5D), CD-Read Only Memory (CD-ROMs), DVD ROMs, RAMs, EPROMs,
EEPR.OMs, magnetic or optical cards, or other type of machine-readable media
suitable for storing electronic or computer-executable instructions. For example,
embaodiments of the invention may be downloaded as a computer program (e.g.,
BIOS) which may be transferred from a remote computer (e.g., a server) to a
requesting computer (e.g., a client) by way of data signals via a communication link
{e.g., a modem or network connection).

0083 Reference in the specification to "an embodiment,” "one
embodiment.” "some embodiments,” or "other embodiments” means that a particular
feature, structure, or characteristic desceribed in connection with the embodiments is

included in at least some embodiments, but not necessarily all embodiments, The
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various appearances of "an embodiment,” "one embodiment,” or "some
embodiments” are not necessarily all referring to the same embodiments. If the
specification states a component, feature, structure, or characteristic "may."” "might,”
or "could” be included, that p:lrticular component, feature, structure, or
characteristic is not required to be included. If the specification or claim refers to
"a" or "an" element, that does not mean there is only one of the elements. If the
specification or claims refer to "an additional” element, that does not preclude there
being more than one of the additional element.

[0084] While the invention has been described in conjunction with specific
embodiments thereof, many alternatives, modifications and variations of such
embodiments will be apparent to those of ordinary skill in the art in light of the
foregoing description.

[0085] For example, the embodiments discussed above can apply to a
communication system comprising a performance enhancement device. A
performance enhancement device may comprise a signal conditioning device, a
diagnostic and remedy guidance device, or a noise cancellation device. A noise
cancellation device, among other things. acts to cancel noise and interference
present on the DSL line, either autonomously or in conjunction with commands
from the remote server. In one embodiment, the performance enhancement device
is communicatively coupled 1o the remote server 204 via the Communication
Channel 208. In such an embodiment, impulse noise cancellation feature of the
performance enhancement device may be turned on and off based on the real-time
observation of noise, and the actual algorithm for deciding on-off can be distributed
where long-term thresholds/rules and conditions are calculated by the remote server
204 and transmitted to the performance enhancement device. In one embodiment,
the remote server 204 forces the actual transition in the performance enhancement
device as a function of real-time observation of the noise data.

[0086] Another alternative embodiment related to a WiFi system is
described as follows. In a typical WiFi communication system. Carrier Sense
Multiple Access (CSMA) protocol is used for multiple access. Due to the nature of
wireless channel, some of the stations (clients) might not be able to hear each other

while both can reach the AP with strong power. This phenomenon is known as
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Hidden Node problem. One way to resolve this problem is to schedule the data
transmission using Request to Send (RTS) and Clear to Send (CTS) mechanisms,
Such a use of RTS/CTS incurs overhead in channel usage, but prevents disastrous
packet collisions by the two stations,

[0087] In one embodiment, the remote server 204 collects operational and
performance data of the WiFi AP 201 (and other APs) and/or stations 202,.x. In one
embodiment, the remote server 204 analyzes the historical data and determines the
best value for each AP (on or off) and applies the value to each AP. In one
embodiment, the value is analyzed per-AP by the remote server 204, and therefore
different values can be applied to different APs depending on their data
characteristics.

[0083] In one embodiment, each AP is operable to apply a rule with
conditions to adapt RTS/CTS onfoff in real-time as a function of real-time data
available to the local AP. In one embodiment, the rule generated by remote server
and made available in the AP is that if a large packet error rate is detected for more
than ty{e.g.. | minute), the AP turns on RTS/CTS. In one embodiment, the rule
generated by remote server and made available in the AP is that if a large packet
error rate is not detected for more than t; (e.g., 10 minutes), then the AP turns off
RTS/CTS.

[0D5E9] In the above embodiment, two or more operation modes are
described in context of a local communication device (e.g., AP) selecting the
operation mode to use in real-time. In one embodiment, the selection of the
operation mode is a function of the real-time data that is locally available. In other
embodiments, the data might not be in real-time but the data update may be frequent
cnough for this idea to consider the data as real-time.

[0090] In one embodiment, the rules and/or conditions e.g., the threshold
values ‘t;", and "t2,” and equations applving them. are not statically kept as in AP,
but optimized by the remote server 204, In one embodiment, the threshold values
‘ty", and ‘tz," andfor the equations are updated by the remote server 204 using
historical data and any side information that is available at the remote server side.
In the above alternative embodiment, RTS/CTS was involved, however, the essence

of the embodiments can be applied to any WiFi adaptation algorithm that reacts in
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real-time to other data parameters. WiFi adaptation algorithms include control of
fragmentation, channels, association, etc.

(0091 ] The embodiments of the invention are intended to embrace all such
alternatives, modifications, and variations as to fall within the broad scope of the
appended claims.

[0092] An abstract is provided that will allow the reader to ascertain the
nature and gist of the technical disclosure. The abstract is submitted with the
understanding that it will not be used to limit the scope or meaning of the claims.
The following claims are hereby incorporated into the detailed description, with

each claim standing on its own as a separate embodiment.
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CLAIMS

We claim:

I. A method for optimizing performance of one or more communication units
by a remote server, the method comprising:

collecting data from the one or more communication units;

generating a policy, for each of the one or more communication units,
based on the collected data; and

sending the policy to each of the one or more communication units,
wherein the policy comprises conditions for operation of the one or more
communication units, wherein the one or more communication units implement

the policy according to time-varying data.

2. The method of claim 1, wherein the policy further comprises first and

second algorithms.

3. The method of ¢laim 2, wherein the one or more communication units are
operable to receive the policy and implement one of the first and second

algorithms based on the conditions.

4. The method of claim 1. wherein the time-varying data comprises location
information, current time, and/or operational data of the one or more

communication units.

2. The method of claim 1, wherein the one or more communication units are
operable to receive the policy and implement one of first and second
algorithms based on the conditions, wherein the first and second algorithms

previously existed in the one or more communication units.

. The method of claim 1, wherein generating the policy comprises:
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generating a pseudo-code or code for an adaption algorithm to be

executed on the one or more communication units.

7. The method of elaim 1, wherein collecting data from the one or more

communication units 15 performed periodically.

8. The method of claim 1, wherein the one or more communication units
comprises at least one of:
an access point (AP);
a base station:
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;
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10.

an Ethernet connected computer peripheral device;
an Ethernet connected router;

an Ethernet connected wireless bridge:

an Ethernet connected network hridg{:; and

an Ethernet connected network switch.

The methed of claim 1, wherein the conditions specify the characteristics of
real-time and historical operational data tor the one or more communication

units W select and apply a most desired adaptation algorithm.

A machine-readable storage medium having computer executable
instructions stored thereon that when executed cause a processor of a remote
server to perform a method for optimizing performance of one or more
communication units by the remote server, the method comprising:

collecting data from the one or more communication units;

generating a policy, for each of the one or more communication
units, based on the collected data: and

sending the policy to each of the one or more communication units,
wherein the policy comprises conditions for operation of the one or more
communication units, wherein the one or more communication units

implement the policy according to time-varying darta,

. The machine-readable storage medium of claim 10, wherein the policy

further comprises first and second algorithms.

. The machine-readable storage medium of claim 11, wherein the one or more

communication units are operable to receive the policy and implement one

of the first and second algorithms based on the conditions,

. The machine-readable storage medium of claim 10}, wherein the time-

varying data comprises location information, current time, and/or operational

data of the one or more communication units.,
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14.

17.

The machine-readable storage medium of claim 10, wherein the one or more
communication units are operable to receive the policy and implement one
of first and second algorithms based on the conditions, wherein the first and
second algorithms previously existed in the one or more communication

units.

. The machine-readable storage medium of claim 10}, wherein generating the

policy comprises:
generating a pseudo-code or code for an adaption algorithm to be

executed on the one or more communication units,

. The machine-readable storage medium of claim 10, wherein the conditions

specify the characteristics of real-time and historical operational data for the
one or more communication units to select and apply a most desired

adaptation algorithm.

A method for optimizing performance of one or more communication units,
the method comprising:
sending data from one or more communication units 1o a remote server;

receiving a policy from the remote server, wherein the policy comprises

conditions for operation of the one or more communication units; and

executing the policy by implementing one of first and second algorithms

based on the conditions and time-varying data.

18.

19.

The method of claim 17, wherein the time-varying data comprises location
information, current time, and/or operational data of the one or more

communication units.

The method of claim 17, wherein the first and second algorithms previously

existed in the one or more communication units,
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20. The method of claim 17, wherein the policy further comprises the first and

second algorithms.

21. The method of elaim 20, wherein implementing one of the first and second
algorithms based on the conditions and time-varying data comprises
implementing one of the first and second algorithms provided with the

policy.

22, The method of claim 17, wherein executing the policy comprises:
executing a pseudo-code or code for an adaption algorithm, the pseudo-

code generated by the remote server.

23. The method of claim 17, wherein the remote server resides in a cloud.

24. The method of claim 17, wherein sending data from one or more

communication units to the remote server is performed periodically.

25. The method of claim 17, wherein the one or more communication units
comprises at least one of:
an access point (AP);
a base station;
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;
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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;

an Ethernet connected router;

an Ethernet connected wireless hridge;

an Ethernet connected network bridge; and

an Ethernet connected network switch.

26. The method of claim 17, wherein the conditions specify the characteristics of
real-time and historical operational data for the one or more communication

units o select and apply a most desired adaptation algorithm.

27. A machine-readable storage medium having computer executable

instructions stored thereon that when executed cause a processor to perform
a method for optimizing performance of one or more communication units,
the method comprising:

sending data from one or more communication units to a remote
server;

receiving a policy from the remote server, wherein the policy
comprises conditions for operation of the one or more communication units;
and

executing the policy by implementing one of first and second

algorithms based on the conditions and time-varying data.
34

Charter Communications, Inc.
Exhibit 1008
Page #2118



WO 2013/070232 PCT/US2011/060265

28.

30.

33

The machine-readable storage medium of claim 27, wherein executing the
policy comprises:
executing a pseudo-code or code for an adaption algorithm, the

pseudo-code generated by the remote server.

. The machine-readable storage medium of claim 27, wherein the time-

varying data comprises location information, current time, and/or operational

data of the one or more communication units.

The machine-readable storage medium of claim 27, wherein the first and
second algorithms previously existed in the one or more communication

units.

. The machine-readable storage medium of claim 27, wherein the policy

further comprises the first and second algorithms.

. The machine-readable storage medium of claim 31, wherein implementing

one of the first and second algorithms based on the conditions and time-
varying data comprises implementing one of the first and second algorithms

provided with the policy.

The machine-readable storage medium of claim 27, wherein the conditions
specify the characteristics of real-time and historical operational data for the
one or more communication units to select and apply a most desired

adaptation algorithm.

. An apparatus comprising:

a memory; and
a processor, coupled to the memory, and operable to:
analyze data from one or more communication units;

generate a policy, for each of the one or more communication
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35.

37,

39.

40.

41.

units, based on the collected data; and

send the policy to each of the one or more communication units,
wherein the policy comprises conditions for operation of the one or more
communication units, wherein the one or more communication units

implement the policy according to time-varying data.

The apparats of claim 34, wherein the policy further comprises first and

second algorithms.

. The apparatus of claim 35, wherein the one or more communication units are

operable to receive the policy and implement one of the first and second

algorithms based on the conditions.

The apparatus of claim 34, wherein the one or more communication units are
operable to receive the policy and implement one of the first and second

algorithms based on the conditions and the time-varying data.

. The apparatus of claim 37, wherein the time-varying data comprises location

information, current time, and operational data of the one or more

communication units.

The apparatus of claim 34, wherein the one or more communication units are
operable to receive the policy and implement one of first and second
algorithms based on the conditions, wherein the first and second algorithms

previously existed in the one or more communication units.

The apparatus of claim 34, wherein the processor is operable to generate the
policy by performing a method comprising generating a pseudo-code or code
tor an adaption algorithm to be executed on the one or more communication

units.

The apparatus of claim 34, wherein processor to collect data periodically for
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analysis from the one or more communication units,

42, The apparatus of claim 34, wherein the one or more communication units
comprise at least one of}
an access point (AP);
a base station;
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;
an Ethernet connected router;
an Ethernet connected wireless bridge:

an Ethernet connected network bridge; and
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an Ethernet connected network switch.

43, The apparatus of claim 34, wherein the conditions specifl’y the characteristics
of real-time and historical operational data for the one or more
communication units to select and apply a most desired adaptation

algorithm.

44, A system comprising:
one or more communication units; and
a server operable to communicate with the one or more
communication units, wherein the server comprises:
a memory; and
a processor, coupled to the memory, and operable to:
analvze data from the one or more communication
units;
generate a policy, for each of the one or more
communication units, based on the collected data; and
send the policy to each of the one or more
communication units, wherein the policy comprises
conditions for operation of the one or more communication
units, wherein the one or more communication units

implement the policy according to time-varying data,

45, The system of claim 44, wherein the policy further comprises first and

second algorithms.

46. The system of claim 44, wherein the one or more communication units are
operable to receive the policy and implement one of the first and second

algorithms based on the conditions.

47. The system of claim 44, wherein the time-varying data comprises location

information, current time, and/or operational data of the one or more
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48.

49,

50.

5L

communication units.

The system of claim 44, wherein the one or more communication units are
operable to receive the policy and implement one of first and second
algorithms based on the conditions, wherein the first and second algorithms

previously existed in the one or more communication units.

The system of claim 44, wherein the processor is operable to generate the
policy by performing a method comprising generating a pseudo-code or code
for an adaption algorithm to be executed on the one or more communication

units.

The system of claim 44, wherein processor to collect data periodically for

analysis from the one or more communication units,

The system of claim 44, wherein the one or more communication units
comprise at least one of:

an access point (AP);

a base station;

a wireless LAN device:

a DSLAM;

a gateway;

a performance enhancement device;

a [igital 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;
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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 (IP) 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;
an Ethernet connected router;

an Ethernet connected wireless bridge;

an Ethernet connected network bridge: and

an Ethernet connected network switch.

52. The system of claim 44, wherein the conditions specify the characteristics of

real-time and historical operational data for the one or more communication

units to select and apply a most desired adaptation algorithm,
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collecting data from one or more communication units
401

generating a policy, for each of the one or more
communication units, based on the collected data
402

sending the policy to each of the one or more
communication units, wherein the policy comprises
conditions for operation of the one or more communication
units, wherein the one or more communication units
implement the policy according to time-varying data
403

FIG. 4
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sending data from one or more communication units to a
remote server
501

receiving a policy from the remote server, wherein the
policy comprises conditions for operation of the one or
mare communication units
502

executing the policy by implementing one of first and
second algorithms based on the conditions and time-
varying data
503

FIG. 5
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