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Doc Code: PA.. 
Document Description: Power of Attorney PTOIAIA/82A (07-13) 

Approved for use through 11/30/2014, 0MB 0651 -0051 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwol'k Reduction Act of 1995, no persons are required to respond to a collection of in[ormation unless it displays a valid 0MB control number, 

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE 
REGISTERED PRACTITIONERS 

NOTE: This form is to be submitted With the Power of Attorney by Applicant form (PTO/AIA/828) to identify the application to which·the 
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of 
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is 
directed, the Power of Attorney will not be recognized in the application. 

Application Number application submitted herewith 

Filing Date 10/06/2016 

First Named Inventor Peiman Amini 

Title ROAMING IN A WIRELESS MESH NETWORK 

Art Unit not yet assigned 

Examiner Name not yet assigned 
Attorney Docket Number 11 0729-8052. USO 1 

SIGNATURE of Applicant or Patent Practitioner 

Signature /Han-Wei Chen/ Date (Optional) 

Name Han-Wei Chen Registration 75350 
Number 

Title (ff Applicant is a 
juristic entity} 

Applicant Name (if Applicant is a juristic entity) 

NOTE: This form must be signed ln accordance wlth 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If 
more than one aoolicant, use multlole forms. 

lvl *Total of 1 forms are submitted. 

This collection of information is required by 37 CFR 1.131, 1 .32, and 1.33. Ttie information is required to obtain or retain a benefit by 
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.1 1 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed 
application form to the US PTO. Time will vary depending upon the individual case. Any comments on the amount of tlme you require 
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Cot:nmissionerfor Patents, P.O. Box 1450, Alexandria, VA 22.313-1450. 

If you need assistance fn completing the fbrm, ca/I 1-B00-PTO-9199 and select option 2. 
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Doc Code: PA .. 
Document Description: Power of Attorney PTO/AlA/82B (07-13) 

Approved for use through 11/30/2014. 0MB 0651-0051 
U.S. Patent and Tradema'1< Offtee; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act.of 1995. no persons are required to respond to a collection of information unless it displays a valid 0MB control number 

POWER OF ATTORNEY BY APPLICANT 

I hereby revoke all previous powers o f attorney given in the application identified in either the attached transmittal letter or 
the boxes below. 

I AppUoatlon Numbe, I Fmng Oat, 

I 
(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.) 

[Z] I hereby appoint the Patent Practitloner(s) associated with the following Customer Number as my/our attorney(s) or agent(s), and 
to transact all business in the United States Patent and Trademark Office connected therewith for the applicatlon referenced in 
the attached transmittal letter (form PTO/AIA/82A) or identified above: [m --
OR 2291 8 I 

• I hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agerit(s), and to transact 
all business in the United States Patent and Trademark Office connected therewith for the patent application referenced 1n the 
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.) 

Please recognize or change the correspondence address for the application identified in the attached transmittal 
letter or the boxes above to: 

[Z] The address assodated with the above-mentloned Customer Number 

OR 

• The address associated with Customer Number: I 
I OR 

Firm or 
Individual Name 

Address 

City l State I I Zip I 
Country 

Telephone I Email I 
I am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box): 

INETGEAR, Inc. I 
• Inventor or Joint Inventor (title not required below) 

• Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below) 

0 Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity) 

• Person Who Otherwise Shows Sufficient Proprietary Interest (e.g .. a petition under 37 CFR 1.46(b)(2) was granted 1n the 
annlication or is ooncurrentlv beino filed with this document) (provide signer's title if aoolfcant is a juristic entity) 

SIGNATURE of Applicant for Patent 

The undersigned (whoseµ~ is supplied !,lei~) is authorized to act on behalf of the appllcant (e.g., where the applicant is a juristic entity). 

Slgnature 1 <J. • / I\ .1..·· 1 ( o , A. - I Date (Optional) I I J ec.. I C 201~ 
Name B~ian Busse ..._..,I --.&- -

Tille Director of Intellectual Property 

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements 
and certifications. If more than one applicant, use multiple forms. 

0Total of 1 forms are submitted. 
This collection of mformat,on Is requ,red by 37 CF~ 1.131. 1.32, and 1.33. The 1nlormal1on ,s required to obtain or retain a benefit by the public which is to file (and by the 
USPTO to process) an application. ConfidentiaMy is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes lo complet6. 
Including gathering, prepanng. and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestions for reducing this burden. should be sent to the Chief Information Officer U.S. Paten1 and Trademark Office, U.S. 
Department of Commerce. P.O. Box 1450. Alell3ndria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, 

/fyouneed assistance in completfng the form, call 1-800-PTO-9199 and select option 2. 

l 
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Electronic Patent Application Fee Transmittal 

Application Number: 

Filing Date: 

Title of Invention: ROAM ING IN A WIREL~SS MESH NETWORK 

First Named Inventor/Applicant Name: Pelman Amini 

Filer: Han-Wei Chen/Christine Ortt 

Atton,ey Docket Number: 110729-8052.USOl 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 
-

Basic Filing: 

UTIUTY APPLICATION FILING 1011 1 280 280 

UTILITY SEARCH FEE 1111 1 600 600 

UTILITY EXAMINATION FEE 1311 1 720 720 

Pages:: 

Claims: 

MlsceUaneous-Filing: 

LATE FILING FEE FOR OATH OR DECLARATION 1051 1 140 140 

Petition: 

TP Link Ex. 1004 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time~ 

Miscellaneous: 

Total in USO($) 1740 
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Electronic Acknowledgement Receipt 

EfS ID: 27148810 

Application Number: 15287706 

International Application Number: 

Confirmation Number: 8691 

Title of Invention~ ROAMING IN A WIRELESS MESH NETWORK 

Ftrst Named Inventor/Applicant Name: Peiman Amini 

Customer Number: 22918 

F11er: Han-Wei Chen/Christine Ortt 

Filer Authorized By: Han-Wei Chen 

Attorney Docket. Number: 110729-8052.USOl 

Receipt Date: 06-0CT-2016 

Filing Date; 

Time Stamp: 22;1 l :23 

Application Type: Utility under 35 USC 111 !a) 

Payment information: 
' 

Submitted with Payment yes 

Payment Type CARD 

Payment was.successfully received in RAM $1740 

RAM confirmation Number 1007161NTEFSW22115500 

Deposit Account 500665 

Authorized User Christine Ortt 

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

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

37 CFR 1.21 (Miscellaneous fees and charges) TP Link Ex. 1004 
Page 6



File Listing: 

Document 
Document Description File Name 

Fite Size(Bytes)/ Mum Pages 
Number Message Digest Part /.zip (if appl.) 

1822990 

1 Application Data Sheet 110 729· 8052US01 _ADS.PDF no 8 
1>1011•ll5f<d69fl.l7tl~IO(,,s!ft0allf lalS!ll ·~· 

Warnings: 

Information: 

lJ 16390 

2 
110729-8052US01_Application 

yes 112 
PDF 

• ~ 1+<~"'411-om11.2,01om,w 
lll>Jl 

Multi part Description/PDF files in .zip description 

Document Description Start End 

Sped A cation 1 46 

Claims 47 50 

Abstract 51 51 

Drawin9s-only black and white line drawings 52 112 

Warnings: 

Information: 

523109, 

.3 Power of Attorney 110729-8052US01_ POA.PDF no 2 
a307179.ll>616289\i11•115ftit.1"'4-6!k::iltlJ'9 

lcOd> 

Warnings: 

Information: 

36613 

<I Fee Worksheet (S806) fee-info.pdf no 2 
1t€.,18Sl'UtJ 1 &..,1tt.117100i:JOOef1~,s(6584l IO( 

Uonl 

Warnings: 

Information: 

Total Files Size (in bytes) 3499102 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 11 1 
If a new application is being filed and the application includes the necessary components for a fil ing date (see 37 CFR 
1.S3(b)-(d) and MPEP S06), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

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

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/105) Will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651 -0032 

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

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 110729-8052. US01 
Application Data Sheet 37 CFR 1.76 

Application Number 

Title of Invention ROAMING IN A WIRELESS MESH NETWORK 

The application data sheet is part of the provisional or nonprovisional application for which ii is being submitted. The following form contains the 
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76. 
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the 
document may be printed and included in a paper filed application. 

Secrecy Order 37 CFR 5.2: 

D Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to 
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information: 

Inventor 11 I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I El f=>eiman I J\mini 

Residence Information (Select One) • US Residency Non US Residency Active US Military Service 

City tv,ountain View I State/Province I t;A I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 ~50 East Plumeria Drive 

Address 2 

City I t,an Jose I State/Province I FA 

Postal Code 1 ~5134 I Countryi I 1us 
Inventor b I Remove I 
Legal Name 

Prefix Given Name Middle Name Family Name 

I El ~oseph ~malanArul J=-mmanuel 

Residence Information (Select One) @ US Residency Non US Residency Active US Military Service 

City t;upertino I State/Province I t;A I Country of ResidencJ I 1-Js 

Mailing Address of Inventor: 

Address 1 350 East Plumeria Drive 

Address 2 

City I t,an Jose I State/Province I FA 

Postal Code I ~5134 I Countryi I 1us 
All Inventors Must Be Listed - Additional Inventor Information blocks may be 

I generated within this form by selecting the Add button. 

Correspondence Information: 
Enter either Customer Number or complete the Correspondence Information section below. 
For further information see 37 CFR 1.33(a)_ 

EFS Web 2.2 .12 

Add I 

Suffix 

I El 

Suffix 

I El 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 110729-8052.US01 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention ROAMING IN A WIRELESS MESH NETWORK 

D An Address is being provided for the correspondence Information of this application_ 

Customer Number ~2918 

Email Address patentprocurement@perkinscoie.com I I Add Email I I Remove Email I 

Application Information: 

Title of the Invention ROAMING IN A WIRELESS MESH NETWORK 

Attorney Docket Number 110729-8052.US01 I Small Entity Status Claimed • 
Application Type !\Ion provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) 
I ~1 I Suggested Figure for Publication (if any) 11 

Filing By Reference: 
Only complete this section when filing an application by reference under 35 U.S.C. 111 (c) and 37 CFR 1.57(a). Do not complete this section if 
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be 
provided in the appropriate section(s) below (i.e., "Domestic Benefit/National Stage Information" and "Foreign Priority Information"). 

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this 
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a). 

I 

Application number of the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country 
filed application 

11 11 

Publication Information: 

• 

• 

Request Early Publication (Fee required at time of Request 37 CFR 1.219) 

Request Not to Publish. I hereby request that the attached application not be published under 

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the 
subject of an application filed in another country, or under a multilateral international agreement, that requires 
publication at eighteen months after filing. 

Representative Information: 

. 

. 

i-

Representative information should be provided for all practitioners having a power of attorney in the application. Providing 
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32). 
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer 
Number will be used for the Representative Information during processing. 

Please Select One: • Customer Number I US Patent Practitioner l o Limited Recognition (37 CFR 11.9) 

Customer Number ~2918 

EFS Web 2 .2.12 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 110729-8052.US01 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention ROAMING IN A WIRELESS MESH NETWORK 

Domestic Benefit/National Stage Information: 
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate 
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes 
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78. 
When referring to the current application, please leave the "Application Number" field blank. 

Prior Application Status tending ... I Remove I 
Filing or 371 (c) Date 

Application Number Continuity Type Prior Application Number (YYYY-MM-DD) 

I Claims benefit of provisional ... 62253540 ~015-11-10 

Prior Application Status Pending ... I Remove I 

Application Number Continuity Type Prior Application Number 
Filing or 371 (c) Date 

(YYYY-MM-DD) 

I ~laims benefit of provisional ... 62336503 ~016-05-13 

Additional Domestic BenefiUNational Stage Data may be generated within this form 
I Add I by selecting the Add button. 

Foreign Priority Information: 

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.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application 

that is eligible for retrieval under the priority document exchange program (PDX)i the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the POX program, applicant bears the ultimate 

responsibility for ensuring that a copy of the foreign application is received 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)(1 ). 

I Remove I 
Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable) 

I I I 
Additional Foreign Priority Data may be generated within this form by selecting the 
Add button. I Add I 

Statement under 37 CFR 1.55 or 1.78 for AIA (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 • 16, 2013. 
NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March 
16, 2013, will be examined under the first inventor to file provisions of the AIA. 

EFS Web 2 .2.12 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

110729-8052.US01 Attorney Docket Number 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention ROAMING IN A WIRELESS MESH NETWORK 

Authorization or Opt-Out of Authorization to Permit Access: 

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written 
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see 
paragraph A in subsection 1 below) and the European Patent Office (EPO) access to any search results from the instant 
application (see paragraph 8 in subsection 1 below). 

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the 
authorization by checking the corresponding box A or 8 or both in subsection 2 below. 

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an 
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind 
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate. 

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s) 

A_ Priority Document Exchange (POX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the 
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the Japan Patent Office 
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People's Republic of 
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office 
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign 
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed 
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the 
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h) 
(1 ). 

B. Search Results from U.S. Application to EPO - Unless box 8 in subsection 2 (opt-out of authorization) is checked, 
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search 
results from the instant patent application when a European patent application claiming priority to the instant patent 
application is filed. See 37 CFR 1.14(h)(2). 

The applicant is reminded that the EPO's Rule 141 (1) EPC (European Patent Convention) requires applicants to submit a 
copy of search results from the instant application without delay in a European patent application that claims priority to 
the instant application. 

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s) 

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant 
D application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with 

any documents and information identified in subsection 1A above. 

8. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent 
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant 

application. 

NOTE: Once the application has published or is otherwise publicly available, the US PTO may provide access to the 
application in accordance with 37 CFR 1.14. 

EFS Web 2 .2.12 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 110729-8052.US01 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention ROAMING IN A WIRELESS MESH NETWORK 

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 11 I Remove I 
If the applicant is the inventor ( or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed. 
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 more joint inventors, then the joint inventor or inventors who are also the applicant should be 
identified in this section. 

I Clear I 
Assignee 

I 
Legal Representative under 35 U.S.C. 117 

I 
Joint Inventor 

• Person to whom the inventor is obligated to assign . 
I 

Person who shows sufficient proprietary interest 

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is: 

I ·I 
Name of the Deceased or Legally Incapacitated Inventor: I 

If the Applicant is an Organization check here. ~ 
Organization Name I ~ETGEAR, INC. 

Mailing Address Information For Applicant: 

Address 1 350 East Plumeria Drive 

Address 2 

City San Jose State/Provi nee CA 

Country I 1-Js Postal Code 95134 

Phone Number Fax Number 

Email Address 

Additional Applicant Data may be generated within this form by selecting the Add button. I Add I 

Assignee Information including Non-Applicant Assignee 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. 

EFS Web 2 .2.12 

I 
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PTO/AIN14 (11-15) 
Approved for use through 04/30/2017. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid 0MB control number. 

Attorney Docket Number 110729-8052.US01 
Application Data Sheet 37 CFR 1. 76 

Application Number 

Title of Invention ROAMING IN A WIRELESS MESH NETWORK 

Assignee 11 

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 Information" section will appear on the patent application 
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the 
patent application publication. 

I Remove I 
If the Assignee or Non-Applicant Assignee is an Organization check here. • 
Prefix Given Name Middle Name Family Name Suffix 

I B I I I I B 
Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City 11 State/Province 

Countryi I I Postal Code 

Phone Number Fax Number 

Email Address 

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 
selecting the Add button. I Add I 

Signature: Remove 

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application 
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in 
subsection 2 of the "Authorization or Opt-Out of Authorization to Permit Access" section, then this form must 
also be signed in accordance with 37 CFR 1.14(c). 

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic 
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a 
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given 
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants. 

See 37 CFR 1.4(d) for the manner of making signatures and certifications. 

Signature VHan-Wei Chen/ Date (YYYY-MM-DD) ~016-10-06 

First Name ~an-Wei I Last Name I phen Registration Number 175350 
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ROAMING IN A WIRELESS MESH NETWORK 

COPYRIGHT NOTICE 

[0001) A portion of the disclosure of this patent document conta ins 

material which is subject to copyright protection. The copyright owner has no 

objection to the facsimile reproduction by anyone of the patent document or the 

patent disclosure, as it appears in the Patent and Trademark Office patent file 

or records, but otherwise reserves all copyright rights whatsoever. 

CROSS-REFERENCE TO RELATED APPLICATIONS 

(0002] This application is entitled to the benefit of and the right of priority 

to U.S. Provisional Patent Application No. 62/253,540, entitled "METHOD AND 

APPARATUS FOR WHOLE HOME WI-Fl COVERAGE'' (Attorney Docket No. 

110729-8045.USOO), filed November 10, 2015; and to U.S. Provisional Patent 

Application No. 62/336,503, entitled "DEDICATED BACKHAUL FOR WHOLE 

HOME COVERAGE" (Attorney Docket No. 110729-8058.US00), filed May 13, 

2016; all of which are hereby incorporated by reference in their entireties. 

(0003] This application is related to co-pending U.S. Patent Application 

No._/_,_, entitled 1'AUTOMATED MESH POINT SURVEY AND GUIDED 

INSTALLATION FOR A WIRELESS MESH NETWORK" (Attorney Docket No. 

110729-8050.US01), filed October 6, 2016; U.S. Patent Application No. 

_/_,_, entitled "RATE ESTIMATION IN A WIRELESS MESH NETWORK" 

(Attorney Docket No. 110729-8051.US01), filed October 6, 2016; U.S. Patent 

Application No. _ /_ ,_ , entitled "DEDICATED BACKHAUL LINK FOR A 

ROBUST WIRELESS MESH NETWORK" (Attorney Docket No. 110729-

8053.US01 ), filed October 6, 2016; and U.S. Patent Application No. 15/271,912, 

entitled "DEDICATED BACKHAUL FOR WHOLE HOME COVERAGE" 

(Attorney Docket No. 110729-8058. US01 ), filed September 21 , 2016; all of 

which are hereby incorporated by reference in their entireties. 

TECHNICAL FIELD 

(0004] The present disclosure relates generally to electronic 

communications, and more specifically, to techniques for implementing a local 

area wireless mesh network 
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BACKGROUND 

(0005] In an indoor environment such as a large house or an office, a 

single access point (AP) often may not be able to cover the entire indoor area. 

[0006] One straightforward attempt to solve the problem is to increase 

the transmission power_ However, solely relying on increasing the transmission 

power on the AP would be a poor solution. In addition to regulatory bodies that 

limit the transmission power of the AP, it is typical that the wireless local area 

network (WLAN) communications link between an AP and a clients is highly 

asymmetrical, that is, the client's transmission power is usually lower than the 

AP's transmission power. The client's antenna efficiency conventionally is also 

lower than the AP. Moreover, a portable client (e.g., a mobile phone) often is 

hand held by a user, and because of the signal absorption and disruption by the 

human body, signals from such portable client may reach the AP at even lower 

powers. Yet, many commonly used WLAN protocols require each side of the 

link to receive an acknowledgement (ACK) for the packets that are transmitted 

(e.g., in a downlink direction). If one side of the WLAN link cannot receive from 

the other side of the link, no packet can be transmitted to the other side of the 

link. 

100011 Instead of one AP with high transmission power and high 

P.erformance antennas, an attractive alternative is using a multitude of smaller 

APs that are deployed in the environment in a scattered, distributed manner. 

These smaller APs form a wireless mesh network, and therefore are also called 

''mesh points." When a client device establishes connection with one of the 

mesh points, the mesh points can forward the traffic to the mesh point that is 

connected to the gateway, which in tum communicates the traffic to the outside 

world (e.g. , wide area network (WAN) and/or "the Internet"). However, there are 

also many challenges associated with implementing these wireless mesh 

networks, especially in a home environment where a layman user may be 

involved in install ing and configuring these mesh points. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0008] The present embodiments are illustrated by way of example ~nd 

are not intended to be limited by the figures of the accompanying drawings. 
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(0009) FIG. 1A is a representative wireless mesh network environment 

Within which some embodiments may be implemented. 

[0010] FlG. 18 is a block diagram of a computing device that may be 

used to implement the techniques introduced here. 

(0011) FIG. 2 is an example user interface illustrating a welcome page 

outlining the general functionalities of a mobile software application that 

implements one or more techniques lntroduced here. 

(0012] FIGS. 3A-3F are example user interfaces illustrating processes for 

assisting a user in installing the first, main mesh point in a wireless mesh 

network. 

(0013] FIGS. 4A-4C are example user interfaces illustrating introductory 

processes for assisting a user in installing additional mesh points in the wireless 

mesh network. 

(0014) FIGS. SA-5D are example user interfaces illustrating processes for 

assisting a user in finding weak reception spots (or ''dead spots) for potential 

locations to install additional mesh points. 

(0015) FIGS. 6A-6E are example user interfaces illustrating further 

introductory processes for assisting a user in installing additional mesh points in 

the wlreless mesh network. 

[0016] FIGS. 7 A-7E are example user interfaces illustrating guiding 

fnstructions for assisting a user in installing additional mesh points in the 

wireless mesh network. 

[0017] FIGS. 8A-8G are example user interfaces illustrating diagnostic 

processes of installed mesh points in the wireless mesh network. 

(0018) FIG. 9 is an example user interface illustrating another diagnostic 

process for installed mesh points in the wireless mesh network. 

(0019] FIG. 1 O 1s an example user interface illustrating an optional 

process for installing additional mesh points for bandwidth (e.g., as opposed to 

coverage) in the wireless mesh network. 

[0020) FIGS. 11 A-11 C are example user interfaces illustrating further 

diagnostic and configuration processes of the wireless mesh network. 
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FIG. 12 is an example list of type of devices. 

FIG. 13A is a table illustrating the upper, center, and lower 

frequencies of different Wireless LAN (WLAN) channels in a typical 2.4 GHz 

frequency band. 

(0023] FIG. 138 is a table illustrating example frequencies of different 

Wireless LAN (WLAN) channels available (e.g., in the United States) in a typical 

5 GHz frequency band. 

(0024) FlG. 14A-14C are different statistical data gathered for mapping 

the performance of a particular type of device to the anticipated performance of 

an additional mesh point, if installed at the same location. 

(0025] FIGS. 15A-15D are example tables of closest PHY rates that can 

be used for throughput estimation. 

(0026) FIG. 16 is an example table for mapping between estimated link 

rate (throughput) and user instruction, for a mesh pofnt operating in a particular 

frequency band. 

(0027) FIG. 17A is an example table for mapping between estimated link 

rate (throughput) and wireless network coverage. 

(0028] FIG. 178 is an alternative example that implements a hysteresis 

mechanism for mapping between estimated link rate and wireless network 

coverage. 

(0029) FIGS. 18A-188 are a list of known user devices with their 

capabilities to follow or otherwise coordinate with the mesh network in 

performing intelligent roaming. 

(0030] FIG. 19 illustrate an example diagram showing a backhaul link 

established between two mesh points (e.g., in the mesh network). 

(0031] FIGS. 20A-20C are example flow charts illustrating methods for 

performing rate estimation, device characterization, and device classification In 

a mesh network disclosed herein. 

[0032] FIG. 21 is an example flow chart illustrating a method for 

performing roaming decision in a mesh network disclosed herein. 
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(0033) FIGS. 22A-22C are example flow charts illustrating methods for 

performing switching and selection of dedicated backhaul tn a mesh network 

disclosed herein. 

[0034) Like reference numerals refer to corresponding parts throughout 

the figures and specification 

DETAILED DESCRIPTION 

(0035] Generally speaking, as mentioned above, a better alternative to 

an access point (AP) with large transmission power is a wireless mesh network 

with a multitude of smaller APs, deployed in the environment in a scatterect, 

distributed manner. These smaller APs (or mesh points) are often marketed as 

so-called drange extenders" or "repeaters." A range extender generally works 

by associating itself to a user's main AP and receiving Internet connection from 

the main AP. Then, clients such as mobile phones, laptops and desktop 

computers, and smart devices can associate to the range extender. 

(0036) However, there are also many challenges associated with 

implementing wireless mesh networks with these range extenders, especially in 

a home environment where a layman user may be involved in installing and 

configuring these devices. One common problem with the installation process 

involving layman users is that users may not be able to install this mesh points 

in their best locations, for example, because the users do not know where to put 

each one of them to cover particular dead spots (i.e., locations with poor 

reception) in the house, how to find these dead spots, and so forth . In addition, 

many conventional range extenders are designed separately (and much like an 

afterthought) from the main AP, and therefore generally do not have much 

coordination with the main AP. In many of these conventional settings, it is up 

to the connection client to decide what happens (e.g., what action or reaction to 

take when a certain type of issues takes place, such as poor reception) in the 

wireless mesh network, which may adversely affect the efficiency and stabihty 

of such network. For example, roaming between the main AP and repeater can 

be a common issue where the clients may be stuck in connection with the main 

AP or a repeater mesh point and may not roam to the mesh point that can 

provide the clients with the best throughput. All too often, roaming between 

multiple range extenders and the main AP may not function as designed, and 
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different roaming methods may be required for different types of clients. Other 

common issues include that the extender may not use the best band(s) to 

connect to the rest of the mesh network, or that the extender may not use tne 

best band to forward the traffic when extender is connected to two or more 

bands on the main AP. 

[0037] Introduced here, accordingly, are techniques to provide automated 

mesh point survey and guided lnstallation for assisting the instalfation and 

configuration of a wireless mesh network. Additional implementation 

techniques are also introduced including, for example, rate estimation, roaming, 

and dedicated backhaul link implementation in such wireless mesh network, are 

also discussed. Among other benefits, this disclosure provides an integral 

solution where multiple wireless local area network (WLAN) mesh point devices 

are deployed in a relatively large environment with potential dead spots, such 

as a home or an office. As is introduced in more details below, one or more 

embodiments can aid the user in installation, can aid user to verify that 

installation is successfu l, and can aid user in upgrading an existing wireless 

mesh network. In some examples, the multiple device wireless mesh network 

may have a network control system, which may be centralized or distributed, 

and the network controller can decide, for example, with which mesh point each 

client should associate, when a client should roam, which topology the network 

should be using, with which band should the client associate, which band 

should be used for the traffic forwarding, and where to install a new mesh point 

to provide more coverage in the target area. 

(0038] In the following description, numerous specific details are set forth 

such as examples of specific components, circuits, and processes to provide a 

thorough understanding of the present disclosure. Also, in the following 

description and for purposes of explanation, specific nomenclature is set forth to 

provide a thorough understanding of the present embodiments. However, it will 

be apparent to one skilled in the art that these specific details may not be 

required to practice the present embodiments. In other instances, well-known 

Circuits and devices are shown in block diagram form to avoid obscuring the 

present disclosure. 
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(0039) The term "coupled" as used herein means connected directly to or 

connected through one or more intervening components or circuits. Any of the 

signals provided over varfous buses described herein may be time-multiplexed 

with other signals and provided over one or more common buses. Additionally , 

the interconnection between circuit elements or software blocks may be shown 

as buses or as single signal lines. Each of the buses may alternatively be a 

single signal line, and each of the single signal lines may alternatively be buses, 

and a single line or bus might represent any one or more of a myriad of physical 

or logical mechanisms for communication (e.g., a network) between 

components. The present embodiments are not to be construed as limited to 

specific examples described herein but rather to include within their scope all 

embodiments defined by the appended claims. 

SYSTEM OVERVIEW 

(0040) FIG. 1 A is a representative wireless mess network environment 

100 Within which some embodiments may be implemented. The environment 

100 includes a gateway 110, a main mesh point 112a, a number of additional 

mesh points 112b-112n, a wide area network (WAN) 120, and a plurality of 

client devices 130a-130n. 

(0041) The gateway 110 can be a default gateway, which in computer 

networking sense, is the node that is assumed to know how to forward packets 

on to other networks. In a home or small office environment, the gateway 

device 110, such as a digital subscriber line (DSL) router or cable router that 

connects the local area network (LAN) (e.g., the network established by mesh 

points 112a-112n) to the Internet ( e.g., network 120) acts as the default 

gateway for all network devices. For example, the gateway 110 and the 

network 120 may be connected via a twisted pair cabling network, a coax cable 

network, a telephone network, or any suitable type of connection network. In 

some embodiments, the base station 110 and the network 120 may be 

connected wirelessly (e.g., which may include employing a data traffic network 

based on wireless telephony services such as 3G, 3.5G, 4G LTE and the like). 

(0042) The main mesh point 112a, Which is illustrated as operating in 

J(main access point (APY mode, is coupled together with the network 120 so 

that main mesh point 112a can enable, either directly or through the additional 
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mesh points 112b-112n, the client devices 130a-130n to exchange data to and 

from the network 120. The technologies supporting the communications 

between the gateway 11 O and the main mesh point 112a may include Ethernet 

(e.g., as described in IEEE 802.3 family of standards) and/or other suitable 

types of area network technologies. 

(0043) The additional mesh points 112b-112n connect to the main mesh 

point 112a, either directly or indirectly, via one or more wireless network 

communication technologies, such as WLAN (e.g., Wi-Fi), Bluetooth, etc. The 

IEEE 802.11 standards are a set of WLAN technology specifications commonly 

seen for implementing wireless local area network (WLAN) computer 

communication. Examples of different wireless communication protocols in the 

IEEE 802.11 family of standards can include IEEE 802.11 a, IEEE 802.11 b, 

IEEE 802.11n, IEEE 802.11ac, and so forth. When a client device (e.g. , 130a, 

130b, 130n) establishes connection with one of the mesh points 112b-112n, the 

mesh poir,ts 112b-112n can forward the traffic to the mesh point 112a that is 

connected to the gateway 11 O, which in turn communicates the traffic to the 

outside world (e.g., w1de area network (WAN) 120 and/or "the Internet''} 

[0044] Although not shown for simplicity, the mesh points 112a-112n may 

include one or more processors, which may be general-purpose processors or 

may be application-specific integrated circuitry that provides arithmetic and 

control functions to implement the techniques disclosed herein on the mesh 

points 112a-112n. The processor(s) may include a cache memory (not shown 

for simplicity) as well as other memories (e.g., a main memory, and/or non­

volatile memory such as a hard-disk drive or solid-state drive. In some 

examples, cache memory is implemented using SRAM1 main memory is 

implemented using DRAM, and non-volatile memory is implemented using 

Flash memory or one or more magnetic disk drives. According to some 

embodiments, the memories may include one or more memory chips or 

modules, and the processor(s) on the mesh points 112a-112n may execute a 

plurality of instructions or program codes that are stored in its memory. 

(0045] The client devices 130a-130n can connect to and communicate 

with the mesh points 112a-112n wirelessly including, for example, using the 

IEEE 802.11 family of standards (e.g., Wireless LAN), and can include any 
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suitable intervening wireless network devices including, for example, base 

stations, routers, gateways, hubs, or the like. Depending on the embodiments, 

the network technology connecting between the client devices 1'30a-130n and· 

the mesh points 112a-112n can include other suitable wireless standards such 

as the well-known Bluetooth communication protocols or near field 

communication (NFC) protocols. In some embodiments, the network 

~echnology between the devices 130a-130n and the mesh points 112a-112n 

can include a customized version of WLAN, Bluetooth, or customized versions 

of other suitable wireless technologies. Client devices 130a-130n can be any 

suitable computing or mobile devices including, for example, smartphones, 

tablet computers, laptops, personal digital assistants (PDAs), or the like. Client 

devices 130a-130n typically include a display, and may include suitable input 

devices (not shown for simplicity) such as a keyboard, a mouse, or a touchpad. 

fn some embodiments, the display may be a touch-sensitive screen that 

includes input functionalities. Additional examples of the devices 130a-130n 

can include network-connected cameras (or "IP cameras"), home sensors, and 

other home appliances (e.g., a "smart refrigerator'' that can connect to the 

Internet). 

(0046) It is noted that one of ordinary skill in the art will understand that 

the components of FIG. 1 are just one implementation of the computer network 

environment within which present embodiments may be implemented, and the 

various alternative embodiments are within the scope of the present 

embodiments. For example, the environment 100 may further include 

intervening devices (e.g., switches, routers, hubs, etc.) among the mesh points 

112a-112n, the network 120, and the client devices 130a-130n, In some 

examples, the network 120 comprises the Internet. 

(0047] With the environment introduced above in mind, various 

techniques for implementing automated mesh point survey and guided 

installation are described in more detail below, with continued reference to the 

elements in FIG. 1. Also, for purposes of discussion herein, one or more 

devices in the plurality of mesh points 112a-112n, or the mesh network formed 

by the mesh points 112a-112n1 may be referred to as Orbi™, which is a 

trademark of NETGEAR, Inc. 
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DEVICE ARCHITECTURE 

(0048] FIG. 1 B is a high-level block diagram showing an example of a 

computing device 1200 that can be used to implement one or more devices 

(e.g., gateway 110, mesh points 112a-112n, and user devices 130a-130n) 

introduced here. 

(0049] In the i llustrated embodiment, the computing system 1200 

includes one or more processors 1210, memory 1211 , a communication device 

1212, and one or more input/output (1/0) devices 1213, all coupled to each 

other through an interconnect 1214. The interconnect 1214 may be or may 

fhclude one or more conductive traces, buses, point-to-point connections, 

controllers, adapters and/or other conventional connection devices. The 

processor(s) 1210 may be or may include, for example, one or more general­

purpose programmable microprocessors1 microcontrollers, application specific 

integrated circuits (ASICs), programmable gate arrays, or the like, or a 

combination of such devices. The processor(s) 121 O control the overall 

operation of the computing device 1200. Memory 1211 may be or may include 

one or more physical storage devices, which may be in the form of random 

access memory (RAM}, read-only memory (ROM) (which may be erasable and 

programmable}, flash memory1 miniature hard disk drive, or other suitable type 

of storage device, or a combination of such devices. Memory 1211 may store 

data and instructions that configure the processor{s) 121 Oto execute operations 

in accordance with the techniques described above. The communication device 

1212 may be or may include, for example, an Ethernet adapter, cable modem, 

Wi-Fi adapter, cellular transceiver, Bluetooth transceiver, or the like. Depending 

on the specific nature and purpose of the processing device 1200, the 1/0 

devices 1213 can include devices such as a display (which may be a touch 

screen display), audio speaker, keyboard, mouse or other pointing device, 

microphone, camera, etc. 

AUTOMATED MESH POINT SURVEY AND GUIDED INSTALLATION 

(0050] As previously mentioned, it is generally hard to cover a relatively 

large area using a single AP. A multiple AP solution (i.e., a wireless mesh 

network) to cover the whole area is an attractive alternative, but there are also 

many challenges. Among them, the user needs to find the dead spots, the user 
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needs to know what kind of wireless coverage (e.g., signal strength, throughput 

(TPUT), goodput (or application-level throughput)) is capable to carry at least 

the Internet speed or other services through the deployed environment, the user 

needs to know where to install the mesh points, and the user needs to verify 

lhat the current mesh installation is providing the coverage needed around the 

home, and as an additional option, to receive suggestions on how to improve 

~he wireless coverage when needed or when the user purchases an upgraded 

Internet service. 

(0051] Therefore, one aspect of the present disclosure is to provide a 

portable device (e.g., by using a mobile software application running on a user's 

mobile computing device) with the capability of assisting the user throughout the 

site survey and installation process. Generally speaking, the disclosed 

application can assist the user to connect the first mesh point to where the 

user's gateway (e.g. , a cable modem) is and enter personal settings (e.g., a 

desired SSID/password). Then, the application can guide the user to walk 

around the environment to determine where the dead spots (i.e., locations with 

poor WLAN reception) are. Afterwards, the application can instruct the user 

where to install the additional mesh points to increase the coverage to reduce or 

eliminate the dead spots. The application can verify whether the installation is a 

good one (e.g. , functioning properly and achieving a target transmission rate), 

and if not, provide feedbacks to the user accordingly. Afterwards, the 

application can perform an Internet speed test, and can allow the user to walk 

around to perform coverage surveys to verify that the available transmission 

rate and coverage meets his or her need. If the user later wants to upgrade the 

Internet connection and add additional mesh points to provide more bandwidth 

to the existing network structure, the application can assist the user to achieve 

that as well. As such, example functions of such portable device (e.g., as 

1?nabled by the mobile application) introduced here include: 

(1) surveying the wireless coverage in the environment: 

(2) communicating the type and capabilities of the user's device (on 

which the mobile applfcation is installed) to the wireless mesh network (e.g., to 

a controlling entity, which may be the mesh point 112a functioning as the main 

AP, another mesh point in the network, or a cloud-based server); 
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(3) setting up the configurations of the mesh network, such as service set 

identifier (SSID), password, and other attributes of mesh network, using 

Bluetooth, and/or other forms of wireless communication; 

(4) measuring the Internet speed to set a target transmission rate for a 

desirable wireless coverage in home; 

(5) guiding the installation of mesh points in home to provide the target 

wireless coverage; and 

(6) providing verification of the target wireless coverage during and/or 

after the installation of mesh points. 

(0052) Note that the type and capabilities of the user's device can rnclude 

what type of device it is (e.g; Apple iPhone 6S™, Samsung Galaxy S6™, and/or 

any other related information such as antenna configuration, protocol 

capabilities, etc.). As is described in more detail below, the device information 

can be used to determine how to map the coverage range of that particular 

device to the coverage range of a typical device (e.g., for transmission rate 

estimation, coverage estimation, roaming decisions, etc.). The information can 

also be used to translate the measurement results obtained on that particular 

device to estimated mesh-to-mesh coverage in the wireless mesh network. The 

information can be used to see if the particular device supports roaming 

instructions, and if so, what type. 

(0053] FIG. 2 is an example user interface illustrating a welcome page 

outlining the general functionalities of a mobile software application that 

transform the user's mobile device to implement one or more techniques 

1htroduced here. As illustrated in FIG. 2, the interface generally outlines the 

process of assisted installation and configuration of the mesh points, by 

breaking it down into three segments (not in a necessary order): (1) Installation 

of the main mesh point (e.g., mesh point 112a); (2) Installation of the additional 

mesh points (e.g., mesh point 112b-112n); and (3) Testing of the installed mesh 

points (e.g., mesh points 112a-112n). The interface may include a start button 

that allows the user to initiate the process. 

(0054] FIGS. 3A-3F are example user interfaces illustrating processes for 

assistfng a user in installing the main mesh point in a wireless mesh network. 

As illustrated in FIG. 3A, first, the user is instructed to install and launch an 
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mobile application on his or her user devlce, such as a smart phone (e .g., 

device 130a). Upon the execution of the application on the user device 130a, 

the application prompts the user to install the main mesh pofnt 112a at a 

desired place in the environment (e.g., next to the home gateway 110). The 

main mesh point 112a can be connected to the gateway 110 via a wired (e.g., 

IEEE 802.3 wired Ethernet) or wireless (e.g., IEEE 802.11 WLAN) connection, 

even though a direct, wired connection is typically more desirable for the 

inherent robustness and potentially higher transmission rate. In general, the 

connection between the main mesh point 112a and the gateway 110 should be 

reasonably close and without substantial interference, such that the main mesh 

point 112a does not become a bottleneck for the bandwidth to the network 120. 

(0055] In one or more implementations, after the physical installation of 

the main mesh point 112a, the application can cause the user device 130a to 

connect to the main mesh point 112a using a default set of service set identifier 

(SSID) and password. This connection can be performed by the application 

automatically (e.g., upon the detection of the availability of the default SSID) or 

after receiving an input from the user, such as the activation of a software 

button "I've plugged him in,'' shown in FIG. 3A. This process of establishing 

connection to the main mesh point 112a is illustrated in FIG. 3B. There can be 

a number of variations on the exact mechanism of connecting to the main mesh 

point 112a, depending on the device type and the operating system of the user 

device 130a. In one embodiment, if the user device 130a is an Android™ 

device, the application may connect to the default SSID and password by 

accessing the configuration of the WLAN circuitry on the device. Alternatively, if 

the user device 130a is an iOS ™ device for example, the application can 

fnstruct the user how to connect to default SSID. In yet another alternative, 

when available, the application may utilize other types of wireless connection 

(e.g., Bluetooth™) first for establishing the init ial communication and then hand 

off to WLAN, to make the installation procedure easier. For example, 

mechanisms such as Generic Attribute Profile (GATT) of Bluetooth Low 

Energy™ (BLE) may be used to exchange the SSID, password, and/or any 

other relevant profile and user data over a BLE connection to the main mesh 

point 112a first for purposes of establishing WLAN connection between the user 
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device 130a and the main mesh point 112a. In variations, classic Bluetooth ™ 

may also be used to carry profile infonnation when available. 

(0056] As illustrated ln FIG. 3B, the application can also provide an 

opportunity (e.g., via a button) for the user to convey to the main mesh point 

112a a desired SSID and password for the mesh network. If there is a preset 

SSID conflict situation (e.g., when more than one mesh point is nearby using 

the same default SSID}, the application can detect the conflict and prompt the 

user to resolve the conflict by entering a customized, desired SSID and 

password for the mesh network. FIG. 30 illustrates an interface that may be­

lmplemented in the application introduced here for receiving user selected 

wireless network credentials for the mesh network, including an SSID and a 

password. The desired SSID/password can be used to further configure the 

first, main mesh point 112a and the subsequent mesh points 112b-112n. When 

the user device 130a successfully connects to the main mesh point 112a, a 

screen such as FJG. 3C can be displayed by the application to prompt the user 

to proceed further with the installation. FIGS. 3E and 3F illustrate additional or 

alternative embodiments of the user interfaces illustrated in FIGS. 38 and 3C. 

(0057] After the main mesh point 112a is installed successfully, fn some 

embodiments, the application measures the Internet speed from the main mesh 

point 11 a, and uses that as a basis for a target of how much wireless speed 

needed to be supported across the entire mesh network. That is to say, the 

measured Internet speed can be used to determine a target speed rate for the 

mesh network. According to some examples, the Internet speed may be 

measured from the main mesh point 112a and then reported to the application 

using WLAN, Bluetooth, or any other suitable links between the main mesh 

point 112a and the user device 130a. Alternatively, the Internet speed may be 

measured by the user device 112a through a connection (e.g., a wireless 

connection) with the maln mesh point 112a, even though the measurement may 

be less accurate than being measured directly through the main mesh point 

112a. Whether the Internet speed is measured from main mesh point 112a or 

fhe user's portable device 130a, it may be measured by adopting one or more 

of the following example ways: flooding-based tools with large multiple 

Transmission Control Protocol (TCP) sessions; file download time; Probe Gap 
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Model (PGM) tools that send back-to-back probes and estimate the available 

bandwidth based on the dispersion observed at the receiver; and/or Probe Rate 

Model (PRM) tools that send probes at different rates. Note that, for PRM too'ls 

(e.g., Pathload or ABwProbe), if the probe rate is higher than the available 

bandwidth, then the probes should be received at a lower rate (e.g. , buffering 

the packets at the bottleneck link). The available bandwidth equals the 

maximum rate at which the sending rate matches the receiving rate. Also, note 

that for Internet speed measurement, a server in the Internet is generally 

necessary to generate the traffic, and therefore practical factors such server's 

general availability and bandwidth should be considered in the implementation. 

(0058) FIGS. 4A-4C are example user interfaces illustrating introductory 

processes for assisting a user in installing additional mesh points in the wireless 

mesh network. FIGS. 4A-4C may be implemented to provide the user wi1h an 

overview of the automated installation guidance procedure, including dead spot 

finding, mesh point installation location guiding instructions, and WLAN 

coverage and connection speed verification after the installation. 

(0059) FIGS. SA-5O are example user interfaces illustrating processes for 

assistfng a user Tn finding weak reception spots (or "dead spots) for potential 

locations to install additional mesh points. 

(0060] To begin, the user is prompted to use the user device 112a (and 

via the application) to conduct a wireless coverage survey. As illustrated in FIG. 

SA, the user is instructed to walk around the environment to find dead spots 

(e.g., all the dead spots or the dead spots that matter to the user) using the 

application that is installed on the user device 112a. In accordance with the 

present disclosure, some embodiments of the application can cause the 

portable user device 130a to give feedback to the user regarding the quality of 

the wireless coverage of the current location. 

(0061) More specifically, in accordance with a number of embodiments, 

the application can utilize one or more of the link rate estimation techniques, 

Which are introduced herein further below, to estimate the wireless coverage of 

all the frequency bands (e.g., 2.4G, 5G, and/or other bands) using the 

frequency band (e.g. , 2.4G) with which the user device 130a is connected. For 

example, if the user device 130a is connected to the 2.4GHz frequency band, 
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the application can use the link rate estimation techniques to estimate the 

available speed in the SGHz frequency band using statistics gathered from the 

2.4GHz connection. 

[0062) After the link speeds on various frequency bands are estimated, 

the quality of the wireless coverage at the current location is reported based on 

the target data rate that wireless mesh network is aimed to reach. The means 

of the reporting can be designed to be easily understandable by the layman 

user, such as "Great; "Good,'' "Bad," or any other user perceivable metric. 

Examples of such reporting are illustrated in FIGS. SB-SD. One or more of the 

user interfaces used for reporting can include buttons to provide the opportunity 

for the user to upgrade the mesh network's coverage and/or link speed, such as 

illustrated in FIGS. SC and SD. In this way, the application further promotes the 

business opportunity for the user to purchase more mesh points. 

(0063) With the knowledge of the locatfons of the dead spots, the 

application can guide the user to cover the discovered dead spots one by one. 

(0064] FIGS. 6A-6E are example user interfaces illustrating further 

introductory processes for assisting a user in installf ng additional mesh points in 

the wireless mesh network. First, as illustrated in FIG. 6A, the application 

instructs the user to physically carry the first additional mesh point 112b, and 

then, as shown in FIG. 6B, the application instructs the user to move back to the 

main mesh point 112a. Now, before the actual guided installation of additional 

mesh points starts to take place, it may be beneficial to brief the user on the 

remaining procedures, and acquaint the user with the interface and the possible 

graphical instructions. Example interfaces in FIGS. 6C-6E introduce to the user 

the two remaining items to go through: installation of the additional mesh points 

112b-112n, and verification of the installation by running tests. A video 

demonstration of the procedure, such as visually showing the user how he or 

she should walk away from the main mesh point 112a while holding the user 

device 130a during the installation of the additional mesh points, can also be 

helpful. This may be initiated by the user with the example interface shown 1n 
FIG. 6C. 

[0065) FIGS. 7A-7E are example user interfaces illustrating guiding 

ihstructions for assisting a user in installing additional mesh points in the 

wireless mesh network. After the instruction in FIG. 6B, the user is with the first 
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additional mesh point 112b and at a location nearby the main mesh point 112a. 

Then, the user ,s instructed by the application to walk from the main mesh point 

112a to a first dead spot. At the first dead spot (or as an altemaftve, 

continuously during the walk), the application employs one or more of the link 

rate estimation techniques introduced hereafter to monitor the wireless 

coverage, and automatically generate feedbacks to the user with regard to the 

location where the additional mesh points should be installed. Examples of 

such feedbacks or advices are: "Too close" (e.g., FIG. 7A), "Close" (e.g., FIG. 

7B), "Good" (e.g., FIG. 7C), "A bit far" (e.g. , FIG. 70), and 'Too far' (e.g., FIG. 

7E). In some embodiments, to maximize the coverage, the user is instructed to 

install the additional mesh point(s) in the farthest possible place that is still 

considered "Good," e.g., the closet possible places between "Good" and ''A bit 

far." The user can then install the additional mesh point 112b based on the 

automated guldance generated by the application. 

(0066] FIGS. 8A-8G are example user interfaces illustrating diagnostic 

processes of installed mesh points in the wireless mesh network. Once the 

additional mesh point (e.g .. , mesh point 112b) is installed, the application can 

communicate (e.g., using a default SSID/password) with the additional mesh 

point 112b and can cause the additional mesh point 112b (e.g., by changing the 

configuration of the WLAN circuitry, such as switching to an SSID and a 

password the user previously entered for the wireless mesh network, introduced 

above) to connect to the main mesh point 112a. It is noted here that the 

connection between the additional mesh point 112b and the main mesh point 

112a is used only as an example for simplicity in describing the entire process. 

It is not necessary for the additional mesh point 112b to directly connect to the 

main mesh point 112a, even during the installation and initial configuration 

process; rather, the installed mesh point can connect to any suitable mesh point 

1n the wireless mesh network. For example, the additional mesh point 112b can 

connect to another mesh point 112c, which may be already set up to function as 

a working part of the wireless mesh network. Example screen displays showing 

the progress of automatic configuring the additional mesh point 112b to connect 

with the main mesh point 112a are shown in FIGS. 8A-8B. 

[0067] Then, the application performs a link rate estimation on all 

possible channels of communicaUon between the installed mesh point 112b and 
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the rest of the mesh network. Such process can be initiated by a software 

button, as shown in FIG. 88. For example, a link rate estimation can be 

performed on a 2.4GHz link, a 5GHz link, a sub-1G link, or any other wireless 

fink available. For the embodiments of mesh points that have powerline 

communication capability (e.g., HomePlug AV™ compatible), the link speed via 

the powerline can be estimated. In a number of implementations, the mesh 

points are equipped with more than one types of suitable hardware to 

implement a variety of network technologies, for example, a 2.4GHz WLAN. a 

5GHz WLAN, a 2.4G 81.uetoothTM , a sub-1G radio link, a powerline Ethernet 

link, and so forth. The variety of network technologies can be used as a pool for 

selecting the best link for·forwarding data traffic and also, in some 

embodiments, for implementing a dedicated backhaul link (discussed further 

below). According to one or more embodiments, the quality of link of the mesh 

pofnt with other parts of the mesh network can be estimated using one or more 

of the following parameters: (1) the speed of communication between the mesh 

point and the closest mesh point or the mesh point that provides the highest 

transmission speed; (2) the number of hops in the network; and (3) the target 

throughput (or goodput) for a client. Link rate estimation techniques, including 

throughput and goodput determinations, are discussed in more detail below. 

Based on the link rate estimation, the applrcation can provide corresponding 

instructions to the user. In some implementations, if the quality of the 

communication link between the mesh point being installed and the rest of 

mesh network is determined by the application to be sufficient (e.g., exceeding 

a select threshold), then the user is instructed to continue, such as shown in 

FIG. 8E. Otherwise, the application can instruct the user to move the mesh 

point depending on the result of the link estimation. As shown in FIG. 8C, if the 

estimated rate is too low, meaning that the mesh point is installed too far away, 

the application can instruct the user to move the mesh point closer to the 

nearest mesh point or the main mesh point. Conversely, if the estimated rate is 

too high, meaning that the mesh point is installed too close by, the application 

can instruct the user to move the mesh polnt farther away from the nearest 

mesh point or the main mesh point, such as shown in FIG. 80. In one or more 

implementations, because the total number of hops the user will install may not 

be known to the system (e.g., by a controlling entity such as the main mesh 
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point 112a) until the installation finishes, the application may place higher 

priority on maintaining the minimum required throughput in determining where 

to install additional mesh points. Further fine tuning of the location (e.g.1 FIGS. 

8F and 8G) can be performed, if necessary, after all available mesh points are 

installed, 

{0068) Once mesh points are installed successfully, the application can 

instruct the user to walk to a previously identified dead spot (e.g., discussed 

above with respect to FIGS. 5A-50) to verify that the dead spot is mitigated or 

eliminated after the installation of the mesh points, An example of such an 

instruction is shown ln FIG. 8E. If wireless coverage becomes available at the 

previously identified dead spot and if the quality of wireless becomes 

acceptable (e.g., over a certain threshold, such as the Internet speed available 

at the ma,n mesh point), then the user is rnstructed to proceed to the next dead 

spot. If wireless coverage remains unavailable at the dead spot or if the quality 

is not acceptable, then the user can be instructed to walk back to the location of 

fhe last installed, working mesh point and try to install another mesh point 

toward the dead spot. As previously described, the software application running 

on the user's mobile device can guide the user in determining the location to 

install additional mesh points for mitigating or eliminating dead spots by 

continuously monitoring wireless coverage and estimated good put. A feedback 

mechanism similar to what is discussed above can be used (e.g., too close, 

close, good, a bit far, far), This process can continue till there is acceptable 

wireless coverage at the dead spot. 

(0069] Once a dead spot is covered, the user is instructed to check the 

other known dead spots in the environment As the user walks toward the 

second or another subsequent dead spot, the application and the mesh network 

can work together to provide corresponding feedback to the user about a 

$uggested location of for additional mesh point installation. In one or more 

implementations, the application can utilize those mesh points that are already 

installed, and take into consideration the possibility of roaming to other existing 

mesh polnts when determining the location for the next mesh point. For 

example, the application can consider or can cause the user's mobile device to 

roam to another mesh point (e.g., the closest one) while the user searches for 

dead spots. The applrcation may also provide relevant information (e.g., 
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measured readouts) to the controlling entity of the mesh network so as to help 

fhe mesh network perform roaming more effectively. More details regarding 

roam1ng techniques are discussed below. 

[0070] When the user completes the elimination or mitigation of all the 

known dead spots he or she desires, the user can verify the coverage by 

performing a survey using the application and the mobile device. An example 

interface of a survey is shown in FIG. 9. If a faster speed is desired by the user, 

then the user can instruct the application to provide further guidance regarding 

the location to install additional mesh points to improve the speed covered in 

the mesh network, such as shown in FIG. 10. 

[0071] If anything within the deployed environment changes that results 

in a change in the wireless coverage, the application can be used to modify the 

mesh network and/or to install more mesh points. In some examples, the 

application may include specification of different klnds of mesh point products 

available, and can guide the user to a recommended kind of mesh point for the 

user's specific environment (e.g., in view of the existing mesh network and 

environmental limitations) and need (e.g., to provide the desired speed and 

coverage). If the Internet speed changes (e.g., as a result of changing Internet 

service provider (ISP) plans), then the application can be used to adjust the 

mesh network in order to meet the new targets. FIGS. 11 A-11 C show example 

user interfaces illustrating further diagnostic and configuration processes of the 

wireless mesh network. In the shown examples, the interface allows for the 

user to view the current link status of each link in the mesh network. The link 

can be color coded by the detected connection speed. The user can also 

specify the type of mobile device (e.g., FIG. 11C) such that the information can 

be used for adjustment and guidance purposes. 

(0072] Certain embodiments provide the ability to customize the 

guidance (e.g., how to hold the device during link estimation) and/or mesh 

network functions (e.g., whether to roam the device, how to roam, or what 

frequency band to connect) based on the type of device that the user has. 

Specifically, because Tt is likely that the mobile device is hand-held by the user, 

how exactly the user holds the device (e.g., the angle the device is held (which 

affects the antennas' orientation), or the location the device is held as compared 

to where the antennas are) can affect the wireless performance of the mobile 
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device, which in turn affects the accuracy of the above-discussed 

measurements. Accordingly, some embodiments of the disclosed application 

may utilize one or more orientation sensors l'ocated on the user's mobile device 

(e.g., gyroscope, accelerometer, compass, gravity sensor, or any other suitable 

sensor, for obtaining the orientation information of the user device), and use the 

orientation information as a parameter to adjust how the application maps the 

measured wireless performance to the wireless coverage at the location where 

the mobile device is held. In some examples, the application can guide the user 

on how to hold the mobile device (e.g., to hold at a preferred angle, or to stay 

away from certain reception sensitive portion of the particular device) in order to 

get consistent survey results. In a number of embodiments, the orientation 

and/or other sensory information may also be used to estimate which direction 

the user is walking toward, which in tum can assist the application in 

determining the guidance instruction used during the installation process. 

LINK RATE ESTIMATION IN A WIRELESS MESH NETWORK 

(0073] The disclosed embodiments can utilize, through a software 

application, the user's mobile device to perform automated mesh network 

installation guidance. To facilitate the guidance, embodiments of the software 

application is to perform quality estimation of link between mesh points in order 

to determine whether a particular mesh point's installed location is a good one, 

to check and verify wireless network coverage, and to check for the throughput 

of the Internet at various locations in the environment. As one example 

scenario, during a mesh network installation or configuration process, the user 

can be provided with opportunities (e.g., illustrated in FIGS. 5A-5D) to find the 

dead spots using the mobile device. As such, the user's mobile device is 

associated to the closest mesh point to the dead spot. Then, the user is 

fnstructed to walk toward the dead spot while holding the user device, and the 

software application would continuously perform link estimation in order to 

suggest a location for installing additional mesh point(s). In another example 

scenario (e.g., after mitigating a dead spot), the user may be instructed to walk 

back to the first mesh point (e.g. , FIG. 6B) and then walk to new dead spot. (In 

this case, the user device may be roamed to another mesh point that provides a 

better throughput while the user is relocating; roaming techniques are discussed 

below.) In these examples, while the user is relocating (e.g., walking), the 
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Wireless link quality can be continuously assessed such that a proper location 

can be suggested for new mesh point installment. 

(0074] Further, once the new mesh point is installed, that new mesh point 

can send test packets to the mesh nodes that it can reach. Based on the 

results measured by the test packet transmission, the new mesh point can 

select one or more methods as its dedicated backhaul communication 

mechanism between itself and the rest of the mesh points in the mesh network. 

Dedicated backhaul communication techniques are discussed further below In 

a number of the above mentioned scenari.os, there is a need to have link 

estimation techniques for accurately estimating the link between mesh nodes. 

[0075) However, it is observed in the present disclosure that a number of 

difficulties prevent traditional metrics from working well in the disclosed wireless 

mesh network environment. For example, because some portion of the 

estimation procedure is performed on the user's device, different types of 

phones (e.g., Apple, Samsung, or HTC), antenna configurations (e.g., 1x1 . 

2x2), as well as the WLAN technology supported (e.g., IEEE 802.11n, or 

802.11 ac) can all affect the measurement results. (FIG. 12 shows an example 

list of type of devices.) Another consideration is the size of the test packets. 

For example, it is observed that traditional ''ping" packets would not be 

adequate. "Ping" is a computer network administration software utility used to 

test the reachability of a host on an Internet Protocol (IP) network. It measures 

the round-trip time for messages sent from the originating host to a destination 

computer that are echoed back to the source. Ping typically operates by 

sending Internet Control Message Protocol (ICMP) Echo Request packets to 

the target host and waiting for an ICMP Echo Reply. The program may report 

errors, packet loss, and a statistical summary of the results, typically including 

the minimum, maximum, the mean round-trip times, and/or standard deviation 

of the mean. However, because ping packets are typically very short, and the 

estimated rate based on such packets would not represent the actual 

fhroughput and Internet speed capability, and therefore they are not a good 

measure for setting the target transmission rate. Other example considerations 

include, but not limited to, frequency of the transmission of test packets, type of 

lest packets, and so forth . For example, the test packets should not be of a 

type of packets (e.g., control packets) that are to be transmitted at a lower rate 
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by the design of rate controlling mechanism in the communications protocol. 

(0076] Accordingly, the software application as well as the mesh point 

disclosed herein can fnitiate a specific test d"ata traffic to be sent between the 

user's mobile device and the mesh point with which the user's mobile device is 

currently associated. In many examples, the data traffic is mainly downlink data 

traffic from the mesh point to the user's mobile device; however, uplink data 

~raffic can be estimated via the same or a similar manner. Then, the data rate 

as well as the received signal strength indicator (RSSI) (a measurement of the 

power present in a received radio signal) between the user's device and the 

mesh polnt can be used to estimate the quality of wfreless mesh network's 

coverage at different locations. Depending on the implementation, the link 

estimation calculations can be done in the software application running on the 

user's mobile device, or alternatively, on a software or firmware operating on 

the mesh point. The software application can provide user interfaces (e.g., 

FIGS. 11A-11 C) for monitoring the status of the links based on the estimated 

wireless coverage. This process can be performed as necessary, for example, 

when the network's configuration changes (e.g. , Internet speed upgrade, new 

mesh points, or environmental changes such as a new microwave oven or a 

new piece offumiture). 

(0077] With simultaneous reference to flow charts 2000, 2030, and 2050 

illustrated in FIGS. 20A-20C, example methods for performing rate estimation, 

device characterization, and device classification in a mesh network are further 

discussed below. These methods can be implemented and performed by a 

controlling entity of the mesh network in conjunction with the software 

application that runs on the user device (e.g., device 130a) and the mesh 

points. Depending on the embodiments, the controlling entity may be 

centralized (e.g., on the main mesh point 112a, FIG. 1A), distributed among the 

mesh points (e.g., on mesh points 112a-112n, FIG. 1A), and/or remotely 

controllable (e.g., via a remote server that is in the WAN IP Network 120). 

(0078) More specifically, to perform the link rate estimation (e.g., for 

finding a suitable location to install an additional mesh point, in order to mitigate 

a dead spot), first the software application can send an instruction to the 

currently associated mesh point (which, in a number of implementations, would 
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be the mesh point with the best link to the user's device based on the disclosed 

fechniques) to start transmitting specific downlink test data packets to the user's 

mobile device (Step 2002). According to one or more embodiments, the 

packets are aggregated, such as Aggregated Mac Protocol Data Unit (A-MPDU) 

or Aggregated Mac Service Data Unit (A-MSDU) introduced in the IEEE 802.11 

family of standards. In some embodiments, at least 1 O data units are 

aggregated in the aggregated data packet (e.g., at least 10 MPDU per A­

MPDU). One or more implementations provide that each MPDU is about 1 OOK 

bytes, and the A-MP.DU is at least 1 M bytes. In some examples, tests can be 

performed on multiple available frequency bands (2.4 GHz, 5 GHz, or others) 

and/or differe-nt channels. The testing packets can be sent at an increasing 

rate, for example, 20 times a second, 30 times a second, and so forth, in order 

to test the capability. Each rate should at least be sustained long enough for 

the rate control of IEEE 802.11 protocol to converge or stabilize. FIG. 12A is a 

table illustrating the upper, center, and lower frequencies of different Wireless 

LAN (WLAN) channels in a typical 2.4 GHz frequency band, and FIG. 128 is a 

table illustrating example frequencies of different Wireless LAN (WLAN) 

channels available (e.g., in the United States) in a typical 5 GHz frequency 

band. 

(0079) The mesh point can verify that the transmission of the aggregated 

packets are acknowledged ("ACKED~). Depending on the traffic's direction, 

either the mesh point or the user's device can determine the RSSI values for 

the last select number of packets are determined (e.g., allowing for rate 

controlling mechanism in Wi-Fi protocols to converge) (Step 2004). The RSSI 

values can be filtered to exclude momentary fluctuation (e.g., which may be a 

result of multi-path fading) does not negatively affect the accuracy of the 

estimation. In some embodiments, if the user's device is equipped with multiple 

antennas, MIMO RSSI values are taken into account. If the RSSI value is 

calibrated, then RSSI calibration can be used to offset the readings. In addition 

or as an alternative, if thermal compensation coefficients are available, then the 

RSSI value can be offset to accommodate thermal changes ln radio receiver's 

gain. In some examples, power per rate can also be taken into account to 

accommodate different power consumptions for different rates, and the RSSI 

readings can be offset accordingly. In some examples, a Clear Channel 
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Assessment (CCA) can be performed to estimate how much interference is 

there in the communication channel, and if the interference exceeds a certain 

level, the link estimation can switch to an alternative approach, for example, by 

using only RSSI estimations. In other examples, this interference determination 

step may be entirely skipped, 

[0080] The estimation of the throughput (or ,effective link rate) can be 

based on the physical layer (PHY) data rate observed in the transmission of the 

test packets. Because the link is bidirectional, the measurements for the 

transmission part (from mesh point to user device) is separate from the 

measurements for the reception part. For measuring transmission 

performance, after the mesh point downloading test packets to the user's 

device, the transmission (TX) PHY rate is read back from the user's device for 

the last select number of packets (for the transmission is typically more unstable 

when initialized). Even though the specific implementation may differ 

depending on the application, one or more factors including the transmit data 

rate, coding, and/or bandwidth of the packet can be used in at least some 

embodiments to estimate the PHY rate. According to some embodiments, the 

amount of ACKs and other packets can be taken into account, and in some 

embodiments, may be filtered out of process that is used to calculate the 

average PHY rate. Other factors such as packet length and packet error rate 

may also be taken into account. In some embodiments, if the detected 

ihterference is too high, the estimated rate may be offset such that the software 

would not mistakenly determine that the location has become too far when the 

real reason for the estimated rate to be low is because of collision and noise. 

Measuring reception performance can be done in a similar fashion as the 

transmission, for example, by the user's device uploading test packets to th.e 

mesh points, which can determine the reception (RX) PHY rate. 

(0081] With the measured PHY rate, a network throughput (TPUT) of the 

mesh network, having the additional mesh point installed at the location where 

the user's device is currently located, can be estimated (Step 2006). For 

purposes of discussion herein, the TPUT can be defined as the Transmission 

Control Protocol (TCP) layer TPUT that the client (e.g., the user's device) can 

pass through the newly installed mesh point (and through the mesh network) to 

the home gateway. In a number of implementations, the TPUT of the mesh 
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11etwork can be expressed as follows: 

_ 1 __ TCP " N1wp(_1_+ 1 ) 
TPUT - Overhead. Lti =1 LTPUTi USER DEVICE W IFI PRY Rate 

Eq. (1) 

where L TPUT; is the TPUT on the link;, which is the TPUT between two mesh 

points. The TPUT between two mesh points are calculated using test packets 

after the installation of the two mesh points. The TPUT measured can be 

frequency band specific, and in which case, the TPUT number used here 

should correspond to the frequency band that the user's device is currently 

measuring or adopting. Based on experiments, TCPovemead value can be set to 

0.1. In one or more embodiments, the L TPUT = 0.7 x EstimatedPHYRafe;. The 

mesh network's lnternefspeed = Min (TPUT, speedm), where speedm is the 

Internet speed measured at the main mesh point that directly connects to the 

gateway, which in turn connects to the Internet. 

(0082] Note that, in order to implement mapping of measured TPUT 

performance (through the user's device) to the performance of the additional 

mesh point, different types of devices are tested in a controlled environment, 

and compared with mesh point's performance in the same controlled 

environment. Flow chart 2030 shows an example method for characterization 

of device type and collection of training data. For example, TPUT as well as 

other statistical data for different devices can be collected at various attenuation 

(Step 2032) by causing the device to engage in data traffic with a certain 

amount of packets (Step 2034), Measurements can be taken on both 

transmitting and receiving ends, and on a ll the available frequency bands (e.g., 

2.4G and 5G). The measurement on the data transmitted to the device can 

generate RSSI values and RX rate for the device under the specific attenuation 

(Step 2036). The measurement on the data received from the device can 

generate TX rate and TX retry numbers for the device under the specific 

attenuation (Step 2038). The same procedure is performed at same attenuation 

points, and data collected, for a mesh point on the available frequency bands. 

Data can be statistically processed and analyzed (e.g., curve fitting) to find 

effective attenuation (Step 2040). Known statistical techniques, such as multi­

variable linear regression, polynomial regression, or spline) may be used. 

[0083) With the already gathered statistical data (e.g., TPUT versus 

Attenuation), therefore, the disclosed link rate estimation technique is able to 
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map the performance of a user's device to the anticipated performance of a 
mesh point in a particular frequency band (Step 2042). In a similar fashion, it is 

also possible to map the performance of the usefs device in one frequency 

band to the anticipated performance of the same device in another frequency 

band (Step 2042). Note that, because each type of user device may have a 

different wireless performance characteristics (e.g., when and how to drop 

connection in what frequency band), persons who implement the technique may 

need to use a testing procedure suitable to the type of device for gathering 

sufficient statistical data that can enable a meaningful mapping. A controlled 

environment can be used to perform tests on major device vendors and major 

device types to create enough statistical data to create a meaningful database 

for mapping purposes. For example, handsets, tablets and personal computers 

from each of select major device vendors can be tested to gather their wireless 

performance (e.g., TPUT) under different attenuation configurations. 

(0084) FIG. 13A is a table illustrating the upper, center, and lower 

frequencies of different Wireless LAN channels in a typical 2.4 GHz frequency 

band. FIG. 138 is a table illustrating example frequencies of different Wireless 

LAN (WLAN) channels available (e.g., in the United States) in a typical 5 GHz 

frequency band. As illustrated in FIG. 13A, in the United States and Canada, 

there are 11 channels available for use in the 2.4GHz Wireless LAN frequency 

band as defined by IEEE 802.11 family of standards. 

(0085) FIG. 14A-14C are different statistical data gathered for mapping 

the performance of a particular type of device to the anticipated performance of 

an additional mesh point, if installed at the same location. In particular, the 

example device is an Apple iPhone 6, which is an IEEE 802.11ac device with a 

1x1 antenna setup. In this particular example, because it is observed that the 

device operating in 5 GHz may disconnect more easily than what would have 

been for a mesh point, 2.4 GHz frequency is used to check for wireless 

coverage during the network installation. This is an example of the 

customization of testing procedure discussed above. 

(0086) In some implementations, a Probe Request (i.e., a special type of 

802.11 packet) can be used to detect the type of the user's device. When 

suitable (e.g., when the device may disconnect at 5 GHz more easily than a 

mesh point), the software application and/or a daemon (i.e., a computer 
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program that runs as a background process) operating on the mesh point can 

direct the user device to use only a certain frequency band (e.g., 2.4 GHz) 

during installation (e.g., by using Probe Suppression or other applicable 

methods). In some embodiments, the software application operating on the 

user's device can communicate with the mesh point (e.g. , to a daemon running 

on the mesh point) about the exact device type. Additionally, if the device type 

is unknown or a type that is not documented in the database, then a generic 

device type may be used. The generic device type can have a profile that is the 

average of devices of the same configuration (e.g., 802.11 ac. 1 x1 ). Additionally 

or alternatively, flow chart 2050 shows a method that can be utilized for device 

classification. The method can be performed, for example, at device 

association in order to find a device equivalent in the database of training data. 

Device wireless capability (e.g. , available network technology or antenna 

configuration) can be first discovered, as well as the device's manufacturer 

information and operating system (OS) version information (Step 2052). Then, 

fhe closest device type from training can be matched based on the gathered 

information (Step 2054). Besides manufacturer and OS information, the 

number of hops between the associating mesh point and the home gateway can 

be used to map to a corresponding attenuation data point in the training data. 

In this manner, using the database of training data, a classified device type can 

be decided (Step 2056). 

(0087) With the above discussion in mind, the link rate between a 

potential mesh point and its closest (or otherwise best performed) existing mesh 

point can be estimated based on RSSI values and PHY rates, derived from the 

test packet measurements between the user's device and the existing mesh 

point. Continuing with the above iPhone 6 example, based on the experiment 

results, the following pseudo code can be used for estimating TPUT for a mesh 

point's performance at 5 GHz using RSSI and PHY rates measured at the 

user's device at 2.4 GHz. 

<Start> 

If 2.4G Rate;:: 72Mbps or ff 2,4G Rate< 26Mbps { 

If 2.4G max of RSS/ of antenna~ -60 { 

If 2.4G Rate < 70Mbps, then report TPUT for Unk-Orbi-5G = 
175.5Mbps; 
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If 2.4G Rate~ 70Mbps, then report TPUT for Link-Orbi-5G = 
468Mbps; 

} 

If RSSI < -60 and If 2.4G Rate;::: 70Mbps, then 

report TPUT for Link-Orbi-5G = 175.5Mbps; 

If -77::; RSSI < -60 { 

Estimated Rate = 22.353 * (RSSI + 77) + 88; 

round Estimated Rate to the closest Modulation and Coding 
Scheme (MCS) rate; 

report TPUT for Link-Orbi-5G = closest MCS rate; 

} 

lf-85 < RSSI < -77, then 

report TPUT for Link-Orbi-5G = 26Mbps; 

If RSSI ::; -85, then 

report TPUT for Link-Orbi-5G = 1 Mbps; 

} 

If 26Mbps ~ 2. 4G Rate < 72Mbps { 

Estimated Rate = 3.24 * (2.4G Rate - 26) + 27; 

round up Estimated Rate to the closest 5G PHY rate; 

report TPUT for Link-Orbi-5G = Max(Estimated Rate, RSSI Estimated 
Rate); 

) 

<End> 
(0088) Note that the above pseudo code is merely an example measured 

for Apple iPhone 6. As mentioned above, different type of devices may have 

different character profile, and therefore the parameters and/or logic flow in the 

pseudo code should be adjusted according to the type of device that is used. 

The following is another example pseudo code for estimating TPUT for a mesh 

point's performance at 2.4 GHz using RSSI and PHY rates measured at the 

user's device at 2.4 GHz. 

<Start> 

If 2.4G Rate~ 72Mbps or If 2.4G Rate < 26Mbps { 

If 2. 4G max of RS SI of antenna ;::: -70, then 

report TPUT for Link-Orbi-2G = 144Mbps; 

/f-84::; RSSI < -70 { 

Estimated Rate = 6 * (RSSI + 84) + 52; 

round Estimated Rate to the closest MCS rate; 

report TPUT for Link-Orbi-2G = closest MCS rate; 

If -90 < RSSI < -84, then 
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report TPUT for Unk-Orbi-2G = 19Mbps; 

ff RSSI :s -85, then 

report TPUT for Unk-Orbi-2G = 1 Mbps; 

} 

If 26Mbps $ 2.4G Rate < 72Mbps { 

Estimated Rate= 1. 72 * (2.4G Rate - 19) + 39,· 

round up Estimated Rate to the closest 2.4G PHY rate; 

report TPUT for Unk-Orbi-2G = Max(Estimated Rate, RSS/ Estimated 
Rate); 

} 

<End> 
(0089) The following is yet another example pseudo code for estimating 

the performance of the user's device at 5 GHz using RSSI and PHY rates 

measured at the user's device at 2.4 GHz. 

<Start> 

If 2.4G max of RSSI of antenna~ -50 { 

If 2.4G Rate< 70Mbps, then report TPUT for iPhone-6-5G = 351Mbps; 

If 2.4G Rate ~ 70Mbps, then report TPUT for iPhone-6-5G = 433Mbps; 

} 

If RSSI < -50 and If 2.4G Rate ~ 70Mbps, then 

report TPUT for iPhone-6-5G = 175Mbps; 

If -69 :s RSS/ < -50 { 

Estimated Rate= 13.84 * (RSSI + 69) + 88; 

round Estimated Rate to the closest 1x1 11ac PHY rate; 

report TPUT for iPhone-6-5G = the closest 1 x1 11 ac PHY rate,­

} 

If RSSI :s -69, then 

report TPUT for iPhone-6-5G = 1Phone-6-2G (i.e., use the 2.4G 
averaged rate and map it to the closest 2.4G MCS rate); 

} 

<End> 

[0090) FIGS. 15A-15D are example tables of closest PHY rates that can 

be used for throughput estimation in the above pseudo codes. 

[0091] FIG. 16 is an example table for mapping between estimated link 

rate (throughput) and user instruction, for a mesh point operating in a particular 

frequency band. Specifically, with the results from the above TPUT estimation 

techniques, the software application running on the user's device together with 

existing mesh points can provide automated guidance to the user with regard to 
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the location of installing the additional mesh point. Shown in FIG. 16 is an 

example for guiding a user with Apple !Phone 6 for installing a mesh point that 

ts to operate in the 5 GHz frequency band. The exampl'e table may be used to 

generate instructions in the user interfaces shown in FIGS. 7A-7E. 

(0092) FIG. 17 A is an example table for mapping between estimated link 

rate (throughput) and wireless network coverage, and FIG. 178 is an alternative 

example that implements a hysteresis mechanism for mapping between 

estimated link rate and wireless network coverage. The tristate mechanism 

illustrated in FIG. 17B is merely an example, as more- or fewer states may be 

used. Specifically, with the results from the above TPUT estimation techniques, 

the software application running on the user's device together with existing 

mesh points can also provide wireless network coverage survey to discover 

dead spots or to verify the mitigation thereof. The examples in FIGS. 17 A-178 

may be used to generate instructions in the user interfaces shown in FIGS. SA-

50. 

ROAMING IN A WIRELESS MESH NETWORK 

(0093) Traditionally, wireless network clients (e.g., user devices 130a-

130n) only start roaming when the measured RSSI value drops below a 

predetermined threshold. This mechanism can be ineffective in some 

scenarios, for example, when the link to the Internet is not functional, and yet 

the client does not roam to another nearby access point that has a functional 

link. In addition, the RSSI value of access point measured by the client is not a 

good estimation of the quality of the wireless link as the link is typically 

asymmetric (e.g. , because the transmission power of an access point is usually 

higher than the client's transmission power). 

[0094) Accordingly, the disclosed wireless mesh network can measure 

one or more parameters in addition to the RSSI value to better determine when 

and how to roam a client. Some examples of the parameters include: the data 

rate being currently used , packet aggregate size, packet error rate (PER), retry 

count, available airtime, and delay on the link. With simultaneous reference to 

flow chart 2100 illustrated in FIG. 21 , an example method for performing 

roaming decision fn a mesh network are further discussed below. The method 

can be implemented and performed by a controlling entity of the mesh network 

31 TP Link Ex. 1004 
Page 47



Attorney Docket: 110729-8052.US01 

in conjunction with the software application that runs on the user device (e.g., 

device 130a) and the mesh points. Depending on the embodiments, the 

controlling entity may be centralized (e.g., on the main mesh point 112a, FIG. 

1A), distributed among the mesh points (e.g., on mesh points 112a-112n, FIG. 

1A), and/or remotely controllable (e.g., via a remote server that is in the WAN IP 

Network 120). 

(0095) Specifically, in one or more implementations, when a particular 

client is associated with a certain mesh point, other mesh points can also 

measure the RSSI value, TX data rate, and PER from the particular client (Step 

2102). Depending on the embodiment, the decision flow for measuring these 

values can be performed in a simultaneous or a staggered fashion. For 

example, in some embodiments, the RSSI value, TX data rate, and PER can be 

measured together simultaneously to collectively determine wither to trigger the 

next step. In some other embodiments, one of the values (e.g., RSSI) can be 

first measured against a certain tt,reshold, then another value is compared 

another threshold, and so forth , until all of the values are compared and 

together determlne that the next step should be proceeded. In addition or as 

an alternative to comparing all the values, some implementation can compare 

only a select number of values or give weight to a certain value in determining 

whether to proceed to the next step. 

(0096) A number of embodiments can determine when roaming is to take 

place based on information gathered from both the mesh point that the client is 

currently associated with and the mesh point(s) that the client is not currently 

associated with. Roaming of the particular client to another mesh point can 

take place, for example, when the existing link quality is deemed insufficient and 

it is estimated that there exist a better link for the client to connect (Step 2104) 

To avoid roamrng too frequently and potentially wasting excessive resource on 

taking measurements, a timer mechanism can be implemented (Step 2106), 

such that only when a link quality problem persists then is the next step in the 

roaming mechanism triggered. The better link may be a different mesh point, or 

1t may be a different band on same mesh point. Because it is observed that a 

single sample of RSSI value may not be an accurate measurement (e.g., 

because of multi-path fading), one or more embodiments are to average RSSt 
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values over packets. Some embodiments can also detect the Modulation and 

Coding Scheme (MCS) of the packet to determine what offset value may have 

been used. 

[0097) In some examples, similar to what is described above regarding 

link rate estimation, different mapping can be formulated from client statistics 

(e.g., RSSI value, PHY rate, etc.} on the frequency band of use in order to 

estimate what the anticipated RSSI would be on another frequency band to 

which client may connect, and/or on another mesh point to which the client may 

be able to connect. In certain embodiments, a mapping can be stored (e.g., at 

each mesh point) in the mesh network. The mapping can be used for mapping 

the data measured from the client to an estimated PHY link quality. 

[0098) If the link quality problem persists, the mesh network starts to 

compile a list of potential roaming candidates by starting to monitor the quality 

of potential links from other mesh points (Step 2108}. The list of candidate is 

calculated based on PHY parameters, such as data rate, RSSI value, etc., and 

the list can be used to determine the best candidate for roaming clients. For 

example, similar to the rate estimation techniques described above, test 

packets can be sent (Step 211 O}, and a potential link rate may be determined 

(e.g., by uplink RSSI and/or other parameters observed on other mesh points in 

proximity) (Step 2112). Depending on the embodiment, the list can be 

maintained by the controlling entity, which may be scattered among the mesh 

points (e.g., in a decentralized fashion) or can be centralized (e.g., in the main 

mesh point). Example of the parameters that may be taken into account for 

deciding the best roaming candidate include: a list of clients of each candidate 

already associated with and how much aggregate traffic is between each 

candidate and its cl ients; the type of traffic supported by the candidate (e.g., 

voice, video, data, etc.); the interference and noise level surrounding the 

candidate; and the type of traffic that the client who may roam uses. 

(0099) If there is a suitable candidate (Step 21 14}, for example, when the 

potential link to the candidate is better than the current link by a certain degree 

(e.g., X dB}, then the roaming takes place (Step 2118). Otherwise, another 

timer mechanism can be fmplemented (Step 2116) before the roaming decision 

flow chart can be run again, such that the system can avoid perform roaming at 
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an unnecessarily high frequency. When roaming takes place, depending on the 

type of roaming method used, there may be a period of down time during which 

the WLAN connection is unavailable. Therefore, certain embodiments 

disclosed herein can measure and keep record of this period of down time, and 

take into account this roaming overhead in future roaming decision (e.g., for the 

particular client or for the particular type of client). In some examples, a table or 

a database that records a default roaming time for each type of commonly seen 

devices can be utilized. Additionally, depending on the time and type of 

coaming, the execution of a decision to roam a client can be delayed if the client 

has ongoing data traffic that is delay sensitive (e.g., if a minimum level of QoS is 

active for the type of data traffic). Moreover, if the roaming down time exceeds 

a certain threshold, the mesh network may choose to utilize a time during which 

the client is inactive for roamrng. 

(01 00) The mesh network (e.g., the controlling entity thereof) can cause 

roaming of a client in several ways. !f the client does not support intelligent 

roaming commands (e.g. , those described in IEEE 802.11 v and 802.11 r) , the 

mesh network can force the client to roam by disconnecting the client (e.g., with 

Deauthentication and/or Disassociation management frames). The mesh 

network may determine the client type and may provide a disconnect reason to 

the client. However, generally speaking, disconnecting a client is undesirable 

because after disconnection, it is uncertain whether the client would try to 

reconnect back to the network. In some embodiments, if the disconnected 

client attempts to connect back to the mesh point or the frequency band that the 

controlling entity determines to be less desirable, the controlling entity can 

cause the mesh network not respond to the association request. Additionally or 

alternatively, the controlling entity may keep a timer for the client, such that in 

the case that the disconnected client keeps requesting to connect to an inferior 

mesh node or frequency band, the mesh network may eventually allow the 

client to connect after the timer expires, so as not to leave the client with no 

connection at all . 

(0101) If the client supports l ntelligent roaming commands, then the mesh 

network can use roaming commands to enable pre-roaming client 

measurement, and can use such kind of commands to communication with the 

34 TP Link Ex. 1004 
Page 50



Attorney Docket: 110729-8052.US01 

client to suggest the roaming. However, it is recognized in the present 

disclosure that the support of these intelligent roaming commands may be client 

tmp·1ementafion dependent and not universal, sometimes even when the client 

advertises the capability to support such commands. Therefore, the controlling 

mechanism disclosed herein can not only discover which clients have the 

capability for intell igent roaming commands (e.g., during the association 

process), but also learn over time which ones of these client devices are 

behaving as anticipated and which ones are not, so that the mesh network rn 
pe.rforming roaming can adapt to a particular client's behavior. 

(0102] More specifically, one or more embodiments of the mesh network 

can learn over time how different clients behave and can adjust its roaming 

instruction and behavior accordingly. Depending on the implementation, this 

historical data can be maintained based on the client's MAC address, 

association identifier (AID), or any other unique identifier. The decision 

regarding when to roam a partic~lar client may depend on the client's observed 

behavior. For example, if the client in the past has a history of not following the 

anticipated roam1ng behavior responsive to a roaming command, then the mesh 

network can decide to only roam the particular client when there is a substantial 

performance drop (e.g., below a more significant threshold than a regular, 

roaming-friendly client) and similarly, in some embodiments, the mesh network 

can choose not to roam the particular client even if the client can receive a 

better WLAN link performance with another mesh point or another band on 

same mesh point. Similar to described above, roaming decision may depend 

on the traffic type or the dom1nant traffic type of a specific client. Additionally or 

alternatively, roaming decision may depend on the roaming delay that a 

particular client has in moving from one mesh point to another mesh point, or 

from one frequency band to another frequency band on same mesh point. The 

mesh network is able -to learn over time which roaming mechanism (e.g., IEEE 

802.11 v/k/r behaviors) works the best for each client based on how the client 

has roamed earlier. In addition to mitigating the aforementioned disconnection 

issue, the benefit of intelligent roaming includes, for example, faster channel 

scanning, higher efficiency in WLAN "air time" (since fewer probe requests and 

rrobe responses are needed, there is more bandwidth for the rest of the 
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network; and reduced client power consumption (since fewer active scans are 

needed). 

[0103) In a number of implementations, the mesh network's roaming 

commands support the BSS Transition Management (BTM) for network 

assisted roaming, described in IEEE 802.11v standards for wireless network 

management. In general, BTM allows steering the client seamlessly even when 

there is ongoing traffic. One or more embodiments of the mesh network can 

use the following packets for roaming: BSS Transition Management Request 

(AP to client); BSS Transition Management Response (Client to AP); and BSS 

Transition Management Query (Client to AP). Specifically, the BSS Transition 

Management Request can be used when the AP (e.g. , a mesh point) offers 

advice to the client. This can include a list of the APs (e.g., other mesh points) 

to which the client can consider associate (e.g., "Neighbor Report" information). 

The BSS Transition Management Response can be used for the client to accept 

or reject, and the client can also include a reason code for the acceptance or 

rejection. 

(0104) The mesh network can also perform WLAN radio measurements, 

as described in IEEE 802.11 k standards. Functions include the generation and 

dissemination of a Link Measurement report (i.e., for a client or an AP to query 

the other side for the quality of the link), as well as a Neighbor Report (i .e., 

information about neighboring APs that are known candidates to which the 

client can consider roaming). Other IEEE 802.11 k measurements supported 

include, for example, Beacon, Channel Load, Noise Histogram, STA Statistics, 

Location Configuration Information, Transmit Stream/Category Measurement, 

and Frame. 

(0105) The mesh network can also perform fast BSS transition, as 

described in IEEE 802.11 r standards. Without IEEE 802.11 r, a mobile device 

client may need to go through reauthentication after reassociating. With IEEE 

802.11 r, the mesh network can reestablish existing security and/or QoS 

parameters prior to reassociating a client to a new mesh point. This technique 

is especially useful for real time interactive services (e.g., voice and video 

communications). This can also reduce the time that connectivity is interrupted 

between a mobile client and WLAN infrastructure when that mobile client is 
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connecting to a new mesh point. Reauthentication time are also saved, Which 

rs especially prominent in a strongly secure WLAN (e.g., in an enterprise 

env1ronment where 802.1 x and EAP methods for authentication are llsed). 

[0106) With the above introduced roaming techniques in mind, the 

following are pseudo codes for roaming decisions. Similarly, these pseudo 

codes should be customized for a specific application. For example, in one or 

more embodiments, these pseudo codes may have different parameters for a 

different combination of a specific network technology (e.g., IEEE 802.11 n, 

802.11 ac) and antenna configuration (e.g., 1x1 , 2x2, 3x3). The following 

example are pseudo codes for a force roaming decision for a device (e.g., 

Apple iPhone 6) with an IEEE 802.11ac with a 1x1 antenna configuration, 

operating in 5 GHz frequency band. Note that a "force roaming" is where the 

mesh network actively sends instructions to the client or otherwise cause the 

client to roam (which, in some instances, may cause a connection loss). 

<Start> 
Force Roaming Decision { 
lf a client has not roamed recently (e.g., the past 60 seconds) { 

} 

ff one of the following happens: 
(If 5G max of RSSI of antenna $ -80) or 
(If PHY Rate < 58) or 
(If Path Rate< 10Mbps) 

start roaming; 
once roaming decision happens, send 20 ARP packets; 
If there are not 20 packets in the past three seconds, then 

average over all new packets in past three seconds; 
otherwise, 

average RSSI values on last 20 packets from monitor mode; 

If a client has roamed recently { 
If one of the following happens: 

(If 5G max of RSSI of antennas -84) or 
(If PHY Rate< 10) or 
(If Path Rate < 2Mbps) 

start roaming; 
) 
} 
<End> 
[0107) As shown in the above pseudo code, once a decision to roam a 

client has started, the RSSI values are observed by neighboring mesh points for 

candidate selection. Then, the following pseudo code can be used to estimate 

PHY rate based on the RSSI measured. 
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Estimated Rate= 10.29 * (RSS/ + 80) + 117; 
report Path Rate Target= map Estimated Rate to the closet 80MHz rate; 

) 
lf-80 < RSSI < -85, then 

report Path Rate Target= 58Mbps; 
{f RSSI < -80, then 

report Path Rate Target= 1 Mbps; 
<End> 
(0108] Now, with the path rate of the target candidates estimated, the 

mesh network decides whether to roam the client to a target candidate, and if 

so, which one. An example pseudo code for such is provided as follows. 

<Start> 
If RSSJ_ Original> -70 { 

If Path Rate original larger than 10. then 
roam if path rate target is larger than path_rate_ original +30 and 

RSS/ is larger than -75; 
If Path Rate original smaller than 10, then 

only roam it path rate target is larger than 20+path_rate_origlnal 
and RSSI is larger than -80; 

otherwise, 
do not roam; 

) 
if-70 < RSSI_Original < -80 { 

If RSSI_ Target > -80, then 
If Path_rate_target>Path_Rate_original+10, then 

roam; 
If RSSI_ Target < -80 { 

If Path rate_original > 5Mbps, then 
do not roam; 

If Path rate_original < 5Mbps { 
ff RSS/_ Target<-85, then 

do not roam; else, 
roam if Path rate target is larger than 1 0+path rate 

original; 

) 

} 
} 

If RSSJ_ Original < -80 { 
If RSSI Target> -75, then 

roam to the target with highest path rate, if destination path rate is 
higherthan 5Mbps; 

If -75 > RSSI Target> -80, then 
roam to the target with highest path rate, if destination path rate is 

higher than 10Mbps; 
If -85< RSSI Target<- 80, then 
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roam to the target with highest path rate, if destination path rate is 
higher than 20+current_path_rate; 

If RSSI Target< -85, then 
do not roam; 

) 
<End> 

[0109) Similarly, continuing w'ith the example device, IEEE 802.11 ac with 

a 1 x1 antenna configuration, operating in 5 GHz frequency band, the following 

example are pseudo codes for a soft force roaming decision for the same 

device. Note that a "soft roaming'' is where the mesh network passively opens 

a roaming window to the client that allows the client to use available information 

to roam to a stronger access point. 

<Start> 
Soft Roaming Decision { 
If a client has not roamed recently (e.g_, the past 60 seconds) ( 

If one of the fol/owfng happens: 
(If 5G max of RSSI of antenna :s; -75) or 
(If PHY Rate < 117) or 
(If Path Rafe < 20Mbps) 

start checking on opening up; 
once opening up decision happens, send 20 ARP packets; 

II In some embodiments, a limitation is placed on the frequency of 
II this taking place (e.g. , can be only once every 60 seconds) 
II Further, if a roaming window f s open and the client does not 
II send a probe request, this time can be increased from 60 to 
II 180, and can be kept at 180 until the client sends a probe 
II request or any other request if with this condition is tn·ggered. 

If there are not 20 packets in the past three seconds, then 
average overall new packets in past three seconds; 

otherwise, 
average RSSI values on last 20 packets from monitor mode; 

} 
<End> 

(011 OJ The pseudo code for decision on opening up the roaming window 

is provided herein as follows. 

<Start> 
ff RSSI_ Original> -70 { 

If Path Rate original larger than 20, then 
open up roaming window if path rate target is larger than 

path_rate_original +20 and RSSI is larger than -75; 
If Path Rate original smaller than 20, then 

open up roaming window to the best path rate if the best path rate 
Is higher than max(1 0+current path rate, 20); 

otherwise, 
do not open up roaming window; 
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} 
if -75 < RSSI_ Original < -80 { 

) 

If RSSI_ Target> -75, then 
If Path_rate_targef > 20, then 

open up roaming window; 
If -75 > RSSI_ Target > -80, then 

If Path_rate_target > Path_Rate_origina/+10, then 
open up roaming window; 

It RSSI_ Target< -80 { 
If Path rate_original > 5Mbps, then 

do not open up roaming window; 
If Path rate_original < 5Mbps { 

} 
} 

If RSSI_ Target<-85, then 
do not open up roaming window; 

otherwise, 
open up roaming window; 

If RSSI_ Original < -80 { 
If RSSI Target> -80, then 

open up roaming window if destination path rate is higher than 
10Mbps; 

If RSS/ Target < -80, then 
do not open up roaming window; 

} 
<End> 

(0111) FIGS. 18A-18B are a list of known user devices with their 

capabilitles to follow or otherwise coordinate with the mesh network in 

performing intelligent roaming. As shown in FIG. 18A, all newer iOS devices 

are advertised to support all three 802.11 k, 802.11 r, and 802. 11v Wi-Fi network 

standards. As shown in FIG. 188, some later version of Android devices do 

support intelligent roaming, but some older version devices may only support 

802.11 rand 802.11 k, but not BTM. Different capabilities of the devices should 

be factored in when adjusting the parameters in the pseudo codes. 

DEDICATED BACKHAUL LINK AND FAULT TOLERANCE 

(0112) FIG. 19 lllustrate an example diagram showing a backhaul link 

established between two mesh points (e.g., in the mesh network). Besides 

regular WLAN services (e.g. , data packet forwarding to and from the gateway 

and the Internet) that are provided by the mesh network to client devices, in a 

number of implementations, the mesh points themselves in the mesh network 

can utilize one or more telecommunication circuits to form one or more 
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dedicated backhaul links among the mesh points. In some examples, such 

backhaul links may be used to perform control and management functions, for 

example, the controlling entity to instruct a mesh point to execute a roaming 

decision for a client. In addition or as an alternative, such backhaul links can be 

utilized to provide more throughput, and/or to provide fault tolerance to the 

mesh network (e.g., to provide redundancy against temporary interference, 

etc.). With simultaneous reference to flow charts 2200, 2230, and 2250 

illustrated in FIGS. 22A-22C, example methods for performing switching and 

selection of dedicated backhaul in a mesh network are further discussed bel.ow_ 

These methods can be implemented and performed by a controlling entity of the 

mesh network in conjunction with the software application that runs on the user 

device (e.g., device 130a) and the mesh points. Depending on the 

embodiments, the controlling entity may be centralized (e.g., on the main mesh 

point 112a, FIG. 1A), distributed among the mesh points (e.g., on mesh points 

112a-112n, FIG. 1A), and/orremotely controllable (e.g., Via a remote server that 

Is in the WAN IP Network 120). 

[0113] More specifically, in some embodiments, the mesh points may be 

equipped with one or more of: a power1ine communication circuit (e.g., 

HomePlug™ 1.0, AV, or AV2 compliant}, a dedicated 5GHz radio circuit, and/or 

a sub-1 GHz radio circuit, for purposes of establishing the dedicated backhaul 

link. Moreover, some embodiments provide the capability to combine the 

general purpose 2.4GHz and 5GHz WLAN radios with dedicated backhaul 

circuits to form different parts of the mesh network. For example, two mesh 

points may be connected using powerline whi le another two mesh points may 

be connected using the 2.4 GHz or 5GHz WLAN rad io. Fault tolerance 

mechanisms are built in to the system such that, for example, when the 

dedicated link is not functioning or when the performance of dedicated link is 

significantly below the 2.4GHz or 5GHz radio that device uses to communicate 

to client, the best communication link can be used as the backhaul link. 

(0114] Link measurement techniques, which are described above, can be 

utilized here to measure or estimate the performance of the current dedicated 

backhaul link as well as other possible link options, to enable the selection of 

the best suitable backhaul link. Flow chart 2200 shows an example method for 

evaluating current backhaul to determine whether switching to an alternative 
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backhaul is desirable. The method starts by monitoring and measuring the 

current backhaul. If there are already data packets in communication (Step 

2202), then measurement can be performed on the existing data packets (Step 

2204). If there is no or not enough active data communication, then, similar to 

the rate estimation techniques described above, test packets can be sent for the 

measurement of backhaul performance (Step 2206). 

(0115] Then, the link speed of the backhaul can be measured by using, 

for example, the aforementioned rate estimation techniques. For example, TX 

rate, RSSI, and PER can be measured to perform rate estimation on the current 

backhaul (Step 2208). Thereafter, the estimated rate is compared to a quality 

threshold specific for the type of the backhaul that is currently used (Step 2210). 

Similar to what has been described above, the function for rate estimation for 

the backhaul and the quality threshold may vary based on the type of the 

backhaul (e.g., Powerline, sub-1G, and/or5G}, If the estimated rate in the 

current backhaul is below a quality threshold expected in the type of the 

backhaul, then the specific mesh point starts to seek for a better backhaul (Step 

2212). If the estimated rate is acceptable (e.g., above the quality threshold), 

then at least temporarily there is no need to switch the backhaul (Step 2214). 

The method can be executed from time to time, for example, every 60 minutes, 

can be triggered by events such as a predetermined number of losses in mesh 

network specific controlling packets sent via the backhaul within a certain 

period, or can be triggered by any other suitable mechanism. 

(0116] Flow chart 2230 is an example method for finding an alternatlve 

backhaul. When the mesh point determines that an alternative backhaul is 

desirable, it starts to measure and evaluate other backhaul channels (Step 

2232). Similar to the method illustrated in flow chart 2200, TX rate, RSSI and 

PER numbers can be measured on the alternative backhaul (Step 2232). 

Additionally, the Internet speed or a target transmission rate (discussed above) 

can be taken into consideration. If the estimated rate of an alternative backhaul 

JS not larger than the current backhaul by a certain amount (Step 2234), then 

the alternative is only considered as a secondary backhaul (Step 2236) (e.g.1 

because the benefit of switching is fairly limited). However, if the estimated rate 

of an alternative backhaul is larger than the current backhaul by a certain 

amount (Step 2234), then an absolute value is compared to the estimated rate 
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of the alternative backhaul (Step 2238). Again, if the estimated rate of the 

alternative backhaul is not larger than an absolute amount, the alternative is 

on'ly considered as a secondary backhaul (Step 2236). If the estimated rate of 

the alternative backhaul passes the two criteria described above, then the 

current backhaul can be switched to this alternative backhaul (Step 2240). 

t0117] In one or more embodiments, link speeds between different mesh 

points as well as several other parameters can also be used to determine (he 

best mesh topology. These parameters can include: the number of clients that 

are connected to each mesh point and the amount of traffic they have; the 

communication frequency band that is used by the clients and such frequency's 

potential effect on the backhaul channel; external network interference and 

noise on the backhaul channel; delay and jitter requirements for the traffic type 

that each client is supporting; the coexistence of backhaut channel(s) with the 

Internet service; and the coexistence of backhaul channel with clients. 

[0118) As mentioned, in some cases, a combination of different 

backhauls may be used between two mesh points. As such, certain 

embodiments provide that the backhaul lfnk may be aggregated on the MAC or 

the transport layer, In addition, different backhauls may be used for different 

clients. More specifically, the dedicated backhaul technique introduced herein 

can be aggregated with other available communication links. Example 

aggregation may include, but not limited to: powerline and 2.4G; powerline and 

5G; powerline, 2.4 and 5G; Sub1G and 2.4G; Sub1G and 5G; Sub1G, 2.4G and 

5G; dedicated backhaul 5GHz and general purpose 2.4GHz; dedicated 

backhaul 5GHz and general purpose 5GHz; dedicated backhaul 5GHz, general 

purpose 2.4GHz and general purpose 5GHz; and so forth. In variations, routing 

can be used for link aggregation purposes. For example, different 

communication links may be of different subneWirtual LAN (VLAN), but can 

either use static routing or dynamic routing to aggregate over different bridge 

links. In some embodiments that implement dynamic routing, known routing 

strategies such as equal-cost routing can be used; altematively1 a proper ratio 

of cost may be assigned over each bridge link. 

(0119) Further, embodiments disclosed here can utilize Layer 2 

aggregation when possible for backhaul links. In some examples, a spanning 
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tree protocol (STP) can be used to avoid loops in the redundant paths in the 

network. The STP priority may be used to give priority depending on channel 

condition, traffic, and· QoS parameters. The Rapld Spanning Tree Protocol 

(which is described in the IEEE 802.1w standards) can also be used. Other 

example link aggregation mechanisms that can be used in the mesh network 

backhaul links include: Multi Path TCP ( when TCP aggregation is possible); 

IEEE 802,3ad Link Aggregation Control Protocol (LACP); and Port Aggregation 

Protocol (PAgP). 

[01.20] Note that, for the embodiments that utilize powerhne 

communication as dedicated backhaul, the TPUT of the backhaul as well as the 

Internet's condition need to be more closely monitored, since a lot of 

interference issues may occur in such powerline communication, and in some 

instances, such communication may even interfere with home digital subscriber 

line (DSL) Internet connection (e.g. , as a result of the phone and electric cables 

being too closely located in the environment). If using powerline communication 

has an observable adverse effect on DSL or other Internet connection, the duty 

cycle of the powerline can be limited, or in some implementations, powerline 

communication may be avoided in the entirety. 

(0121) Various frequency band in sub-1GHz may be also be used for 

backhaul links in the mesh network to extend the range. Examples include 902-

928 MHz in the United States, and 433.05-434.79 MHz and 863-870 MHz in 

Europe. In some embodiments, IEEE 802.11ah can be used for sub-1 G 

communications. Additionally or alternatively, IEEE 802.15.4 can be used. In 

yet another alternative, it is possible to convert an existing IEEE 802.11 ac/n/g/a 

chipset to operate in a sub-1G frequency band. In certain cases, if the sub-1G 

frequency band is not available in a country or if there is too much interference 

or noise in the sub-1 G band, the fault tolerant mechanism can fall back to 

2.4G/5G, powerline or other available backhaul links. 

(0122) In some implementations, a dedicated 5GHz radio is used as the 

dedicated backhaul. Specifically, 5GHz ISM band is a relatively wide frequency 

band and, as a result, with proper hardware and software design, it is possible 

to place more than one radio in 5GHz in a single device without creating 

unacceptably large interference. One of such example is shown in FIG. 19. In 
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such cases, a part of 5GHz frequency band can be dedicated for backhaul 

purposes. Nonetheless, the mesh network can still monitor the noise and 

rnterference in the frequency band by checking the link statfstTcs, and switcn off 

to other available back-up channels when proper. 

(0123) Note that, in selecting the backhaul, a general hierarchy may be 

observed to avoid disruption. Moreover, generally speaking, it is preferable to 

not use general purpose wireless communication resources (i.e., that are used 

for servicing data traffic from and to the clients) for backhaul purposes. Flow 

chart 2250 is an example method for implementing a backhaul selection 

hierarchy. In the illustrated example, first, only if the current backhaul is 

underperforming (e.g., drops below a certain threshold) (Step 2252) then is an 

alternative backhaul considered. Otherwise, the mesh point may continue to 

use the current backhaul (Step 2254). If the alternative backhaul is better than 

the threshold, then the alternative backhaul can be used (Step 2258). On the 

other hand, only if all alternative backhauls are also underperforming then is the 

general purpose wireless resource (i.e., client facing resource) considered. If 

the clfent facing resource can provide a rate that is more than a second 

threshold (Step 2262), then the mesh point can utilize a select portion of the 

client facing resource as the backhaul. Note that the second threshold may be 

different from the first threshold. In one example, since the client facing 

resource then would be serving both front end and back end traffic, the second 

threshold is higher than the first threshold. If the client facing resource cannot 

satisfy the second threshold, then the mesh point can indicate (e.g .. on the 

software application) that it has a bad backhaul (Step 2266). 

(0124] With the techniques introduced herein, including automated mesh 

point survey and guided installation for assisting the installation and 

configuration of a wireless mesh network, link rate estrmatton, roaming, and 

dedicated backhaul link implementation in such wireless mesh network, the 

present disclosure provides an integral solution where multiple wireless local 

area network (WLAN) mesh point devices are deployed in a relatively large 

environment with potential dead spots, such as a home or an office. 

CONCLUSION 
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(0125] Unless contrary to physical possibility, it is envisioned that (i) the 

methods/steps described above may be performed in any sequence and/or in 

any combination, and that (ii) the components of respective embodiments may 

be combined in any manner. 

(0126] The techniques introduced above can be implemented by 

programmable circuitry programmed/configured by software and/or firmware, or 

entirely by special-purpose circuitry, or by a combination of such forms. Such 

special-purpose circuitry (if any) can be in the form of, for example, one or more 

application-specific integrated circuits (ASICs), programmable logic devices 

(PLDs), field-programmable gate arrays (FPGAs), etc. 

(0127] Software or firmware to implement the techniques introduced here 

may be stored on a machine-readable storage medium and may be executed 

by one or more general-purpose or special-purpose programmable 

microprocessors. A ''machine-readable medium", as the term is used herein, 

includes any mechanism that can store information in a form accessible by a 

machine (a machine may be, for example, a computer, network device, cellular 

phone, personal digital assistant (PDA), manufacturing tool, any device with one 

or more processors, etc.). For example, a machine-accesslble medium can 

include recordable/non-recordable media (e.g., read-only memory (ROM), 

random access memory (RAM), magnetic disk storage media, optical storage 

media, flash memory devices, etc.). 

(0128) Note that any and all of the embodiments described above can be 

combined with each other, except to the extent that it may be stated otherwise 

above or to the extent that any such embodiments might be mutually exclusive 

in function and/or structure. 

(0129) Although the present invention has been described with reference 

to specific exemplary embodiments, it will be recognized that the invention is 

not limited to the embodiments described, but can be practiced with 

modification and alteration within the spirit and scope of the appended claims. 

Accordingly, the specification and drawings are to be regarded in an illustrative 

sense rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1. A computer-implemented method for roaming implementation in a 

wireless mesh network formed with one or more mesh points, the method 

comprising: 

causing a Wireless link to be established between a first mesh point and 

a client; 

without requiring that the established wireless link to be corrupted or lost, 

causing a second mesh point to measure a plurality of qualitative parameters 

indicative of a quality of a potential link between the second mesh point and the 

client; 

causing the plurality of qualitative parameters indicative of the quality of 

the potential link to be transmitted to a controlling entity of the wireless mesh 

network; 

comparing, by the controlling entity, the quality of the potential link 

between the second mesh point and the client against a quality of the 

established wireless link between the first mesh point and the client; and 

upon determining that the quality of the potential link exceeds the quality 

of the established wireless link by a select level, causing the controlling entity to 

issue one or more instructions resulting in the client roaming from the first mesh 

point to the second mesh point. 

2. The method of claim 1, wherein each mesh point in the wireless mesh 

network is capable of acting as the controlling entity. 

3. The method of claim 1, wherein a mesh point in the wireless mesh 

network is designated as the controlling entity. 
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4. The method of claim 1, Wherein the controlling entity is the first mesh 

point. 

5. The method of claim 1, wherein the controlling entity is a server remote 

from the wireless mesh network. 

6. The method of claim 1, further comprising: 

routing the one -or more instructions to the first and second mesh points. 

7. The method of claim 1, further comprising: 

causing the first mesh point to measure the plurality of qualitative 

parameters indicative of the quality of the establlshed wireless link between the 

first mesh point and the client; and 

causing the plurality of qualitative parameters to be transmitted to the 

controlling entity of the wireless mesh network. 

8. The method of claim 1, further compri'sing: 

constructing a 11st of roaming candidates, each roaming candidate having 

a score indicative of an estimated quality of a potential link between the client 

and a corresponding roaming candidate. 

9. The method of claim 8, wherein the controlling entity is configured to 

select a roaming candidate wlth the highest score on the list of roaming 

candidates as the seconq mesh point. 

I 0. The method of claim 1, wherein one or more of the plurality of qualitative 

~arameters are averaged over a select amount of packets. 

11. The method of claim 1, further comprising: 
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adjusting the plura lity of qualitative parameters based on a modulation 

and coding scheme used in the established wireless link. 

12. The method of claim 1, further comprising: 

establishing a profile containing, for a select number of clients, a roaming 

capability and a roaming behavior of each client; and 

selecting, for each client, the one or more instructions based on a profile 

of a corresponding client. 

13. The method of claim 12, wherein the profiled is established based on one 

or more unique identifiers of the client 

14. The method of claim 1, further com prising: 

determining whether the client supports intelligent roaming; 

wherein, when the client does not support intelligent roaming, the one or 

r'nore instructions include a deauthentication or a disassociation frame, with a 

reason code reflecting a roaming decision by the controlling entity. 

15. The method of claim 1, further com prising: 

determining whether the client supports intelligent roaming; 

wherein, when the client supports intelligent roaming, the one or more 

instructi'ons include a roaming directive and an identifier of the second mesh 

point. 

16. The method of claim 1, wherein the one or more instructions are IEEE 

802 .11 v, IEEE 802.11 k and/or IEEE 802.11 r compliant instructions. 

17. The method of claim 1, further com prising: 
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delaying issuance of the one or more instructions if the client has active 

data traffic and/or jf a quality of service (QoS) option is active. 

18. The method of claim 17, wherein the QoS option requires a minimum 

service level for a type of the active data traffic. 

19. The method of claim 1, Wherein the one or more instructions include· 

roaming the client to -another mesh- point, roaming the client to another 

frequency band, roaming the client to another channel , or a combination 

thereof. 

20. The method of claim 1, wherein the plurality of qualitative parameters 

include, in addition to an received signal strength indicator (RSSI) value: a 

potential or current transmission data rate, a potential or current packet 

aggregate size, a potential or current packet error rate (PER), a potential or 

current retry count, a potential or current available airtime, and/or a potential or 

current delay on the link. 
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ABSTRACT 

Introduced here are techniques to provide automated mesh point survey 

and guided installation for assisting the installation and configuration of a 

wireless mesh network. Additional implementation techniques are also 

introduced including, for example, link rate estimation, roaming, and dedicated 

backhaul link implementation in such wireless mesh network, are also 

discussed. Among other benefits, this disclosure provides an integral solution 

where multiple wireless local area network (WLAN) mesh point devices are 

deployed in a relatively large environment with potential dead spots, such as a 

home or an office. 
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l,,,,,,,,,,,,,,.,,,,,,n,,• ................................ H•••••••••••••• .......................... H•••••••••••• ............ •••••••••• .. •••••••! 
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__ ;: ·'.= . . ·_ ·. . : . ·. . . : . ·. . : . ·. . : . ·. . : . ·. . . . . ·. . : ·. =. :· : ~-

You Rock! 

You are now connected to the 
base 
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Sheet 7/61 

1. Install the Base OrbH 
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' : . : ·. ·. ·. ·. ·. ·. ·. · ... · :" 
'-: .- : : · . .. : : · . .. : : · . .. : : ....... ... 

.. 
:: :::: .... •.·.·· ? t ·.••······ .. ·••·•••·•·· .. ·••··••··••·· .. ·········~·i;·t·::.}.!.:: .••.••. :.: • 

... ttt: r??it:rr -- .. __ -- .. 

Connect to your secure 
WW 

'l. Go to your iOS Settings 

11•

11 1
•111•: 

:.t Select your N~twork 

~ Srnith-Wifi 

3. Use your password 

rvivPasswordi23 

4, Come back to the App 

FIG. 3E 
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Sheet 9/61 

: . : . . ·. . . . ~ ·: . : 
... ·. ·. . . . . . ·. ·. . . ·. :. 

Orbi Installed! 

MyPassword12,3 

. ----------------------------·---------------------

]:f~~,1ij•ltlti•l~~t~If :::::::::·:::. 

MyJ},dmin 

MyNewPassword 
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!E:arn rnore~ 

SWN;,t Spot 

Lon;,rn lp$urn dolor sit <"itm;;t, 

const~mpor e9pulvinar post.er~,, ex, a 

ultrit<e-s ni·Lorern 
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InstaHJng Orbi Pt 2 
Th,:,. s€cond ste-p when inst<1!!in9 is 
to rnake sur8 U-~B orbi ~s 'in the dght 

sp~t Y(Ju"'H see onf:' (Jf tht~s€ 
tor1firrnation screens: 

Great Work! 

li,H:;u: tr.,:-"-im Jolc-r sH.. i:Hit..-:.:L 

cc•Ht~:r••f.1(,1 v.gp~~fvu·J=-:t 0 1.~t:Pt.'t: -t.:1,.,. ~~ 

\;lt:-h._-x,.Y:,: 11d.Q1 em 

Too Far ... 

i.t.'lft1!Y? i;,)'$.l;P• ... ; ,•_,1f'.,,. '"lt 8:!l~, 

-=~')nsi-0:~~po;- ,r;.gp!ii'Jin,~~ p(.."$•4:e;r:' ...._...>: , ti 

Too Clos€ ... 
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®©© 
Lorem ipsurrt 

tfolor sit i.H1H.:'!, 

consu_,mpor 
~gpulvinar 

Lor,ern lpStJl'H 
<.1o!or sit i.)met. 
consternpor 
t;,gpulvlnar 

FIG. 4C 

Groat Wf-'l'l 

l. {) rt,H11 i f);::,u fTt 
dolor ~;lt dlnli?t. 
consternpot 
erJpulvinar 
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!ili!l!l!l!llllf l!lf l!l!l!lll!l!ltliliill: 
A lmost Ready to Install! 
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l!ll!lll!llll!llllllf i• ll!l!l!lllllliil 
You have great wifi here! 

• • 

Install the next extension after 
you check out your coverage 
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1111/!llll!lll!llllil l!llllliiill 

You have ok wifi here! 

Install the next extension after 
you check out your coverage 
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You have bad wifi here! 

- -

Install the next extension after 
you check out your coverage 
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Sheet 17/61 
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!liillllllllllllllilll!lllllil 
2 .. Install the Orbis 

Grab your first Orbi 
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. . . 
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'II l!llll!l1l lillil,il itl1llllllli 
Head back to your 

base Orbi 

• 
4--'-'-'-'-'-'-"" 

VVe'll let you know vvhat to do 
when you get there. 
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Sheet 22/61 
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1lililllllilillt llilllillil 
1/3 

, 

You're too dose to the Base! 

Move fa rt her away from it. 
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[[ 1Itttttili!Ii!tttttttiitttttIIiittttttitiiittttttii!Itititlil!iit titlt 

1/3 

-

You're stm a Httie too dose to the Base! 

Keep tnoving farther away from it to get 

the be-st configuration~ 

FIG. 7B 
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.· · ... :- .· -: .. · . · ... · .· · ... · .· · .... · ... · -: · ... ·. :- : . . · :- : . . . · ... 
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[/][)ilttttittilttttii/][liitttttIIi/][)iittttitiiittttttii'.Itftitl]]!iit titlt 

1/3 

Find the closest outl-et to instam 

' 
I 

Bill and the Base 'WHI be the perfect 

distance if you plug him in now! 

FIG. 7C 
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111111111t1111,111111111llili lilltlllilllli 
1/3 

t 
You're little too far from the Base! Move 

closer to him to get the best configuration, 

FIG. 7D 
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1111111:llilllililli llllllllllili 
1/3 

, 

You're too far from the Base! 

Move closer to h hn. 
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iililiiillliiiiiil!~lilli!II• illlll!illilll!II 
1/3 

lnstamng Orbi. .. 

Hang in there~ it wm a take a 

few minutes to get the OrbI up 

and running. 

FIG. BA 
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!li!l!ll!IIJl!!l!ll!l!ll!l!llil!lllli1I 
Great Work! 

Your Orbi and the Base Orbi are 

talking to each other. 
Next let's see how well 
they work together 

FIG. 8B 
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lltl!lll!lllllil!lll!lll!illlill!ll1iilllil 
The Orbi might be 

a little too far. 

Your signal could be faster, but Bill 

is stm extending the wifi. 

Try moving Bill closer to the Base! 

FIG. BC 
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~;. :: :. _; : ·: : :: : ·: ; . . ·: : ·: . ·: : ·: . ·: : ·: . ·: : ·: . ·: : ·: : ·: : ·: . :: :: ·_ .... 

lli!l!lll!lllll!lll!lll!illll!l1lilll 
The Orbi might be 

a little too close. 

Your signal could be extended 

farther. Try n1oving Bm farther away. 

FIG. 8D 
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llil!lll!lll!lll!lll!ltl!lll!ill!il1llllll 
Great Work! 

You moved the Orbi in to a 

better spot. You rock. 

Now, fet's mal<e sure you've 

eHn1inated that dead spot. 

FIG. BE 
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]; .. · :~ -'.. .· . ·: . .· : ·: ·. . ·: : ·: . ·: : ·: . ·: : ·: . ·: . : . ·: : ·: : ·: : ·: . :: :: ·_ .... 

Moving Orbi 

~,,,,,,,,,~ :-.,,,,,,,,,~ 

Unplug the Orbf and plug it Jnto the 

next closest outlet let us kno\tv 

when he1s plugged back in. 

FIG. 8F 
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!lil!l!l!ll!il~l!lf l!lf ll!ll!lli!l1illiili 
Uh Oh! 

This spot isn"t as good as we 

thought! In fact, it's worse than 

the first spot Letts n1ove it back 

to the first location and keep 

moving forward! 

FIG. 8G 
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!liillllllllilllllilllii!llllilJ 
Let's 2X the Orbi to 
improve the speed 

Grab another Orbi and 
move to the last installed 

Orbi 

FIG. 10 
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Bedroom 

Missing Orbis 

Base Orbl 
8ase1T1ent 

Liv1ng Room 
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Add Orbi 
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Base Orbi • · 
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Channel Lower Center Upper 
FregLJenc:v Freqt1enc:v Freauencv 

1 2.401 2.412 2.423 

2 2.406 2.417 2.428 

3 2.411 2.422 2.433 

4 2.416 2.427 2.438 

5 2.421 2.432 2.443 

6 2.426 2.437 2.448 

7 2.431 2.442 2.453 

8 2.436 2.447 2.458 

9 2.441 2.452 2.463 

10 2.451 2.457 2.468 

11 2.451 2.462 2.473 
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CHANNEL NUMBER EREQUENCY MHZ NORTH AMERICA tFCCl 
36 5180 v 
40 5200 ,/ 

44 5220 ,/ 

48 5240 v 
52 5260 DFS 
56 5280 DFS 
60 5300 DFS 
64 5320 DFS 
100 5500 DFS 
104 5520 DFS 
108 5540 DFS 
112 5560 DFS 
116 5580 DFS 
120 5600 No Access 
124 5620 No Access 
128 5640 No Access 
132 5660 DFS 
136 5680 DFS 
140 5700 DFS 
149 5745 v 
153 5765 v 
157 5785 v 
161 5805 v 
165 5825 v 
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5G 80MHz 1x1 Rates 
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2.4G 20MHz 2x2 Rates 
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