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Residence Information (Select One) 0 US Residency @ Non US Residency 0 Active US Military Service 
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For further information see 37 CFR 1.33(a), 

□ An Address is being provided for the correspondence Information of this application. 
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Email Address I L . Add. !;\njl!]::I \!:!~ll~Qi~itial!j 

Application Information: 

Title of the Invention SMART UR 

Attorney Docket Number 16773-00001 0-US-PS1 I Small Entity Status Claimed IZI 
Application Type Provisional 

Subject Matter Utility 

Total Number of Drawing Sheets (if any) I I Suggested Figure for Publication (if any) I 
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 
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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 I hereby request that the attached application not be published under 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: 

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 O US Patent Practitioner /0 Limited Recognition (37 CFR 11.9) 

Customer Number 30593 

Domestic Benefit/National Stage Information: 
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Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD) 
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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 1.5_5(d). When priority is claimed to a foreign application 
that is eligible for retrieval under the priority document exchange program (PDX)1 the information will be used by the Office to 

automatically attempt retrieval pursuant to 37 CFR 1.55(h)( 1) and (2). Under the PDX program, applicant bears the ultimate 
responsibility for 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). 
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Application Number 

Title of Invention I SMART UR 

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

Statement under 37 CFR 1.55 or 1.78 for 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 

0 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. 

Authorization to Permit Access: 

[8J Authorization to Permit Access to the Instant Application by the Participating Offices 

If 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 World Intellectual Property Office (WIPO), 
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application 
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant 
does not wish the EPO, JPO, KIPO, WlPO, or other intellectual property office in which a foreign application claiming priority 
to the instant patent application is filed to have access to the instant patent application. 

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect 
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application 
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of 
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is 
sought in the instant patent application. 

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization. 

Applicant Information: 

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR 
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Application Data Sheet 37 CFR 1.76 
Attorney Docket Number 

Application Number 

16773-000010-US-PS 1 

Title of Invention I SMART UR 

Applicant 1 
If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be 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. 

!:(Clear.. 'I 
0 Assignee lo Legal Representative under 35 U.S.C. 117 10 Joint Inventor 

0 Person to whom the inventor is obligated to assign. 10 Person who shows sufficient proprietary interest 

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

I 
Name of the Deceased or Legally Incapacitated Inventor : I 

If the Applicant is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Applicant: 

Address 1 

Address 2 

City State/Province 

Country I Postal Code 

Phone Number Fax Number 

Email Address 

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

Assignee Information including Non-Applicant Assignee Information: 

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to 
have an assignment recorded by the Office. 

Assignee 1 

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the _pat~nt 
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent app~IcatIon 
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. 
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Application Number 
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If the Assignee or Non-Applicant Assignee is an Organization check here. □ 
Prefix Given Name Middle Name Family Name Suffix 

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 1 

Address 2 

City I State/Province 
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Phone Number Fax Number 

Email Address 

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

Signature: 
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and 
certifications. 

Signature /John A. Castellano/ Date (YYYY-MM-DD) 2014-06-23 

First Name John I Last Name I Castellano Registration Number 35094 

Additional Signature may be generated within this form by selecting the Add button. 

This collection of information is required by 37 CFR 1. 76. The information is required to obtain or retain a benefit by the public which 
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This 
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data 
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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Brief Description of the Drawings 

[0006] Figure 1 is a block diagram showing an exemplary home network where there is a 
single AP serving multiple clients. 

[0007] Figure 2 is a simplified schematic diagram of an exemplary home network. Figure 2 
depicts the transmission rates on the link between an access point and a client. 

[0008] Figure 3 is a block diagram showing an exemplary home network with Universal 
Repeater in which aspects of the present invention can be employed; 

[0009] Figure 4 is a simplified schematic diagram of an exemplary home network where 
there is a single client which mat connect to either UR or AP. 

[0010] Figure 5 shows an actual implementation of a portion of embodiment that can be seen 
in a typical home network, which depicts exemplary transmission rates between access point, 
universal repeater and client. 

[0011] Figure 6 a block diagram of the internal components of the universal repeater. 

[0012] Figure 7 is a flow chart illustrating the structure of the program code executed by the 

universal repeater. 

[0013] Figure 8 is a flow chart illustrating the structure of the program code executed by the 
universal repeater which includes a learning feature. 

[0014] Figure 9 is a schematic diagram showing an embodiment of the invention in 

connection with the utilization of mesh points. 

[0015] Figure 10 is a flow chart illustrating the structure of the program code executed by the 

Mesh Points. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0016] The exemplary wireless communication system illustrated at Fig. 1 is a typical IEEE 
802.11 Wireless Local Area Network (WLAN) at homes. A WLAN consists of an Access 
Point (AP) 103 which may connected to Internet 101 through a gateway. In some scenarios, 
there is a Wireless Router or Wireless Gateway which is connected to Internet directly as in 
Fig. 1. The connection between the AP and Internet may be via cable, fiber or optical 102. 
There may be multiple clients (e.g., stationary or mobile wireless clients) on the different 
floors of the home, which are connected to the AP via a different wireless connection. 

[0017] The AP and the clients support the IEEE 802.11 standard (i.e., IEEE 802.11 n/ac). In a 
typical WLAN, the communication between the AP and a client is performed as follows: 
whenever AP starts operation, it transmits beacon packet periodically to announce its 
presence to the clients. The beacon packet is one of the management packets implemented in 
IEEE 802.11 based WLANs, which contains all necessary information about the network 
such as the modulation and coding schemes and encryption types supported by the AP. When 
a client receives a beacon packet from the AP, IEEE 802.11 based authentication (e.g., Wi-Fi 
Protected Access 1 (WPA 2)) is followed so that the attachment of the client to the WLAN is 
enabled. Authentication phase provides a proof of identity for the client to gain access to the 
WLAN. Once the client is authenticated, it associates with the AP so that the AP can deliver 
data to the client properly. After the association phase is completed, the client is ready to 
transmit/receive data to/from the AP. According to the rules in IEEE 802.11 standard and 
due to the limitation in the current hardware implementation a client can associate with only a 
single AP at a time. 

[0018] Fig. 2 shows a simplified version of Fig. 1, where there is a single client associated 
with an AP. 

[0019] In Fig. 2, wireless communication channel between the AP and the client has a highly 
dynamic nature due to super composed of multiple effects such as path-loss, multi-path 
fading and shadowing. These effects may degrade the performance of the client significantly 
especially high data rate transmission is required. Hence, a minimum level of signal strength 
at the client side must be provided so that a seamless communication with a desirable 
transmission rate is supported. In a home network as shown in Fig. 1, there may be multiple 
floors with walls, in which the effect of path-loss and fading increases dramatically. In such 
scenarios, the distance between the AP and the client may be too long for a direct connection 
to be established. For instance, in Fig.2 the transmission rate on the link between the AP and 
the client denoted as R1 may be too low to support a video streaming. 

[0020] In such cases, a Universal Repeater (UR) is deployed at a proper place at the home to 
prevent the coverage problem. Fig. 3 shows an exemplary of a home network where an UR is 
placed at the second floor of the home. Basically, the UR receives signal from the AP, 
amplifies the signal and then re-transmits it to the clients. Hence, the effect of wireless 
medium is mitigated. Consequently, the client receives more signal strength and the 
transmission with higher data rates becomes possible. 
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1.002 l] In Fig, 4 sho\VS a simplified version of Fig. 3, where there is an AP servirrn: a client. 
and an UR is placed between the AP and the client. The network illustrated in f;ig. 4, the 
client can associate with either AP or UR but not both of them at the sarne time. 

[0022! ln the cuJTent deployment of \VLANs, a ciient associates with the /\P that has the 
highest signal strength, IEEE 802.l l bm;;;:.d \VL\N, the signal strength at a receiver is 
represented Received Signal Strength lndicator (RSSl). In this home scenario in Fig. ,i, the 
client may associate with the UR if the RSSI value of the signal received from UR is higher 
than that of the AP. Although the RSSI based association performs \vell for one-hop 
transmissions, it does not alvvays provide higher performance ,vhen the comrnunicntion 
between the AP and the client is pcrfonncd through the UR with two-hop transmission. In 
Fig, 4, r 1 represents the data rates bet\.veen the AP and the UR and r 2 is transmission rate 
between the UR and the client \Vith a two-hop transrnission in a downlink case, the client 
associates with the UR, and the data first is transmitted to the UR from the AP with a rate of 
r 1 , and then Lhe UR amplifies the signal and retnrnsmits it to the client with a rate or r 2 . In 
this t\vo-hop transmission. the same data must be transmitted two times to be received by the 
client_ which brings additional delay and affects the overall throughput performance. 
Therefore, it is important to <.::onsider the end-to-end throughput that is the throughput 
determined by taking into account the double r.ransrnission of the same data bet\\·een the AP 
and the client. In Fig. 4 the end-to-end throughput between the AP and the client is denoted 
by R 2 , and it is determined as follows: 

[0023] In Fig. 4. R1 represents the transmission rnte on the direct link between the AP and 
the client. and if the client associates ,vith the AP it achieves data rate of R1 . 

!00241 Fig. 5 depicts an exerr1plary scenario where there arc two ciienls that may associate 
either with the AP or the UR depending on their end-lo-end throughput results. If Client l 
denoted as C1 as;,;ociates with the AP directly (i.e .. one-hop trnnsmission), it achieves 70 
Mbps amount of throughput. The data rates on the Links between C1 and the UR and the UR 
and the AP are equal to l 00 Mbps, i.e., r 1 = r 2 = 100 t\.ibps. After applying equation Cl) 
the end-to--end throughout of C1 is equal to 33.33 Mbps. That means if C1 associates with the 
UR it achieves 33.33 :tvlbps but not l 00 iVIbps. Therefore, by considering the end-to-end 
throughput. for C1 it is more beneficial to asso1.:iale with the AP directly instead of associating 
with the UR. 

[002.5] If Client 2 denoted as C2 in Fig, 5 associates with the AP. its throughput is equal to 30 
!'vlbps. The end-to-end throughput between C2 and the AP can be calculated in a similar way 
as that of the end-to-end throughput of C1 , and it is equal to 33.33 Mbps, which is higher than 
the direct transmission rate. Hence. unlikeCi, for C2 it is more beneficial to associate with the 
UR instead of associating with the AP. 

[00261 In one embodiment of the invention. the a:,;sociation decision of the clients arc given 
by the UR. To give the best decision that rnaximizes the throughput of the clients. the UR has 
1.0 knmv all the transmission rates, r 1_, r 2 . R1 , -which necessitates that all the corresponding 
RSSI values should be measured and collected by the UR. The IEEE 802.1 l k standard \Vhich 
is an extension to the IEEE 802.1 l has been developed to provide measurement information 
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for APs to make an efficient radio resource management realizable. Within the 802. l lk 
standard, various types of measurements are defined, and the measured data can be used by 
an AP for the optimization of the network performance (i.e., the optimal channel selection, 
the transmit power). In the 802. llk, the measurements are performed with request/response 
frame exchanges, and the radio resource measurements defined' in IEEE 802.1 lk includes the 
following measurement reports: 

a- Beacon Request/Response Frame enables an AP to request a client to repo1t a set of beacon 
packets it receives on a specified channels. Either active or passive scanning may be used for 
measurement. Logged collected beacon packets is reported back to the AP without requiring 
further measurement. Beacon Report providing RSSI values, BSSID (Basic Service Set 
identification), beacon interval and additional parameters which are based on detected beacon 
or probe responses. 

b- Channel load Request/Response Frame may be used to determine the channel with the 
minimum traffic load. 

c-Receive Power Indication Report indicating received power levels on a measured channel. 

d-Channel Load Report providing the proportion of time for which the measuring wireless 
station determined the channel to be busy, i.e. the time which physical carrier sense or the 
Network Allocation Vector (NAY) indicated busy. 

e- Noise Histogram Report including non-802.11 energy for the requested channel by 
sampling the channel when CCA (Clear Channel Assessment) indicates idle. The report 
includes the RPI (Received Power Indicator) densities observed in the channel for eight 
specified RPI levels. 

f- Frame Report providing a summary of traffic from one transmit address and contains 
number of frames, RCPI and BSSID and transmit address. 

g-ST A statistics Report indicating the change in STA counters within a specified 
measurement duration. 

h-Link Measurement Report includes link path loss and estimation of link margin. 

[0027] In one embodiment of the invention the UR uses Beacon Request/Response Frames 
implemented in IEEE 802. 11 k standard which shall be supported by the UR and the client. 
However, the AP does not necessarily support it. 

[0028] In one embodiment of the invention, the client may not support 802.11 k standard. In 
this case, the UR sends 802.11 k packets to the AP and in return the AP performs the 
necessary measurements. In the latter case, the UR and the AP supports IEEE 802.1 lk 
standard but the client does not necessarily support it. 

[0028] Fig. 7 is a flow chart illustrating a basic method for the invention implemented at the 
UR. The proposed method is based on the scenario given in Fig. 4. The implementing our 
invention to more complex scenarios where there are multiple clients and APs can be 
performed in a similar way. 
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[0029] In Fig. 7 at step 701 our method starts and there are two possibilities for the method to 
be triggered. In one embodiment of the invention a periodic trigger is employed, where the 
method is performed at every T seconds, where T is the period of the measurements which 
are realized to gather the all necessary RSSI values. 

[0030] In one embodiment of the invention, the method may be triggered based on the control 
of the UR, whenever the UR detects a need for the measurement. 

[0031] At step 701, the UR transmits a Beacon Request Frame (BRqF) defined in 802.11 k to 
the client. If more than one AP operating different, the UR may specify the channels that the 
client must measure. At step 702, it must be ensured that the BRqF transmitted by the UR is 
received by the client correctly. If the BRqF is received correctly by the client, the client goes 
to the next step 704 and starts measurement process. Otherwise, the client waits for the next 
period. The unsuccessful transmission of the BRqF may be because of the harmful effect of 
the wireless channel or the collision caused by the transmission of other clients or AP. 

[0031] At step 704 after receiving and decoding the BRqF successfully, then the client 
disconnects from the UR and starts measurement phase where it collects beacon packets that 
it receives from the AP. The beacon packets transmitted by the AP contain information about 
the RSSI value which is used to determine the transmission rate on the link between the AP 
and the client. Then, the client prepares Beacon Report Frame that contains the MAC address 
and operating channel of the AP, and the corresponding RSSI value. After preparing the 
report, the client switches the channel on which the UR operates, and the report is sent back 
to the UR. In an exemplary embodiment of the invention, there may be multiple APs 
operating different channels. For this case, the client measures each channel, and collects 
beacon packet from each AP operating on those channels. Then, the Beacon Report Frame 
contains all MAC addresses and the operating channels of the APs, and the corresponding 
RSSI values as well. 

[0032] At step 705, after receiving the RSSI value then the UR is able to determine the direct 
transmission rate on the link between the client and the AP denoted as R1 . To calculate the 
end-to-end rate denoted as R2 , the UR has to know r1 and r2 . At step 705, the UR listens 
the channel, and receives beacon packets from the AP. By using the received beacon packet 
of the AP, the UR first observes the RSSI value of the signal coming from the AP, and then 
determines the transmission rate, r 1 . Next, the UR determines the rate on the link between 
the client and itself, r 2 • The RSSI value of the signal coming from the client allows the UR to 
calculate rate - r 2 . Finally, the UR observes all the rates, r 1 , r 2 , R1 • The end-to-end 
transmission rate R2 is calculated by applying equation (1). 

[0033] At step 706, the UR decides whether two-hop transmission via the UR or one-hop 
transmission is more beneficial for the client in te1ms of throughput. At step 706, this 
decision is given by the UR by comparing the rates R1 and R2 . If the transmission rate R1 

is higher than the end-to-end throughput R2 , then associating with the AP provides more 
throughput for the client. Hence, at step 707, the UR transmits disassociation frame to the 
client, and the client disconnects from the UR, and it associates with the AP. If the end-to­
end transmission rate R2 is higher than the rate on the direct transmission rate R1 then the 
client keeps associating with the UR. 

[0034] In an exemplary embodiment of the invention, the client may not wish to response for 
every BRqF. This is because of preventing frequent disconnection of the communication 
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between the UR and the client. This is particularly important when the client has delay 
constrained application such as Voice over IP. 

[0035] Fig. 8 is a flow chart illustrating the improvements for the method described in Fig. 7. 
Basically, there are two main improvements on our method that are explained in the 
following paragraphs. At step 801 the tligger of the new method may be periodic, where at 
every T seconds the UR transmits BRqF to the client to gather information on the quality of 
the link between the AP and the client. At step 802, the UR checks whether the BRqF is 
received and accepted by the client. If it is accepted, then the client performs the next step 
804. If the BRqF is not accepted by the client, the duration T is too large for the client, and 
the client is not willing to perform measurement for a large value of T. Then, at step 803, the 
UR decreases T, and specifies the new value of Tin the next BRqF, which is transmitted to 
the client in the next round. If the client accepts this new value of T, then the next step 804 is 
performed. Otherwise, the UR keeps decreasing T until the client accepts it. When the client 
accepts the period T, it starts the required measurement. First, it disconnects from the UR and 
collects beacon packets that it receives from the other AP operating in the specified channels. 
In those beacon packets that the client collects contain information regarding the RSSI values 
of each AP that the client hears. Then, the client prepares report frame that contains the MAC 
address of the APs that the client hears, the operating channels of these AP and the 
corresponding RSSI values. After preparing the report, the client switches the channel on 
which the UR operates, and the report is sent back to the UR. 

[00351 At step 805, after receiving the RSSI values then the UR is able to determine the 
direct transmission rate on the link between the client and the AP, R1 . To calculate the end­
to-end rate R2 , the UR has to know r1 and r 2 • To do that, at step 805, the UR listens the 
channel, and receives beacon packets from the AP. By using the received beacon packet of 
the AP, the UR first observes the RSSI value of the signal coming from the AP, and then 
determines the transmission rate R1 . Next, the UR determines the rate on the link between 
the client and itself, R2 • The RSSI value of the signal coming from the client allows the UR 
to calculate rate R2 . Finally, the UR observes all the rates, r 1 , r 2 and R1 . The end-to-end 
transmission rate R2 is calculated by applying equation (1). 

[0036] To provide the client to have the maximum throughput, the UR decides whether the 
client associated with the AP or itself. At step 806, this decision is given by the UR by 
comparing the rates R1 and R2 . In one embodiment of the invention, if the difference 
between the rates R1 and R2 is not too much, the client may not wish to experience frequent 
association/disassociations. Therefore, in this embodiment of the invention, a threshold 
based association scheme is employed, where the client association is performed only if the 
difference between R1 and R2 is higher than a pre-defined threshold. If the difference 
between R1 and R2 is higher than the threshold then for the client associating with the AP is 
more beneficial in terms of the maximum achievable throughput. Hence, at step 807, the UR 
transmits disassociation frame to the client, and the client disconnects from the UR, and it 
associates with the AP. Otherwise, the client keeps associating with the UR. 

[0037] Fig 6. is a block diagram showing an example of a hardware configuration of the UR. 

The UR has a CPU, a memory, Medium Access Control (MAC) chip, a Radio Frequency 

Chip (RF) with antennas. These elements are connected by a bus that is possible for a 

bidirectional data communication. The CPU reads program from the memory and realizes 
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various functions of the UR. The memory temporary stores the data, which is required during 

the execution of the program. The CPU and the memory can be configured as separate or can 
be configured as one. 

[0038] In Fig. 6, wireless communication is realized by MAC and RF chip. At MAC chip, the 

clients and the AP access to the wireless medium in the pre-defined rules which are defined 

according to the IEEE 802.11 standard. At RF chip, the data packets are converted to radio 

waves and are transmitted to the wireless medium via antennas. The invention is 

implemented at MAC chip via a software program that can be easily deployed at any MAC 

chip with the capability of IEEE 802.1 lk standard. 

[0039] Different from deploying an UR at homes, another way to mitigate the bad effect of 

the wireless medium and to extend the coverage of wireless network is using multiple APs to 

create a wireless mesh network, and to deliver data over this mesh network. However, 

although the coverage is extended significantly, since the wireless mesh points (MPs) use the 

same limited wireless medium, the available capacity is shared among all mesh points, which 

may cause some level of decrease in the end-to-end throughput of a client as in the case of 

using an UR. 

[0040] Although an UR just amplifies and retransmits an incoming signal, a MP can decide 

more intelligent decision such as routing in which it can change the direction of the 

communication according to some required constraints. For instance a MP can transmit data 

over the path which will provide the minimum contention or the maximum throughput. 

However, a client usually associates with the closet MP since its RSSI is higher than other 

MPs in the network. Hence, the end-end throughput does not usually taken into account when 

association decision is given, which causes the same inefficiency problem occurred in the 

network where UR are used for range extension. 

[0041] Fig. 9 shows an example network where mesh points denoted as MPs are connected to 

the AP wirelessly. Also, the clients may connect the MPs via wireless connections, or they 

may connect to the AP directly without communication with the MPs. For a downlink 

scenario, the client receives data from the AP through MPs, where the clients' data firsts 

arrives into one of the MP, then that MP transmits the data to the clients. For uplink scenario, 

the clients wish to transmit data to the AP or gateway. The client may transmit directly to the 

AP or to a MP. Then, that MP transmits data to the AP wirelessly. For both downlink and 

uplink scenarios, the end-to-end throughput between the client and the AP should be taken 

account, and the decision of the client association is given with the knowledge of the end-to­

end transmission rate. 
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[0042] Fig. 10 is a flow chart illustrating a basic method for the invention implemented at 
the ~Ps. At step 1001, the current MP with which the client is associated transmits BRqF to 
the client and the other MPs. If the BRqF is not received by any of MPs or the client, the MP 
keeps transmitting BRqF until all other MPs and the client accept it. 

[0043) At step 1004, the client collects beacon packets that it receives from other MPs and 
the AP, and observes the corresponding RSSI values. Then, the client prepares 802.1 lk 
Beacon Request Reports which contains the information about the received beacon packets 
with the corresponding RSSI values, and sends it to the current MP. 

[0044) At step 1005, the other MPs also collects beacon packets that they receive from the 
AP, and report it to the current MP. 

L0044l At step 1006, the MP determines all possible end-to-end throughput on each link 
between the AP and the client by using the gathered transmission rates at step 1004 and step 
1005. 

[0045) At step 1007, the current MP determines the best link with the maximum end-to-end 
throughput is observed. If the current MP involves with the best link, then the client keeps 
connecting to the current MP. 

[0046] The best link may not always involve with the current MP. In this case, the client shall 
associate with the MP that involves with the best link. To do that first, the current MP 
determines the MP which involves with the best link. In the next phase, the current MP needs 
to inform the client about the new MP with the maximum end-to-end throughput. In one 
embodiment of the invention, 802.11 v packets are used to inform client devices in a standard­
compliant manner. Other standard-compliant methods or proprietary ones may be used to 
convey the same information. 802.11 v provides the wireless resource management 
enhancements to 802.11. While 802.11 k provides the frames to gather useful network 
information by measuring, 802.11 v enables the ability of configuring the clients. IEEE 
802.11 v standard includes the following special frame: 

- Association Request Frame (ARF): In an ARF, an AP specifies one or more MAC addresses 
of the candidates APs with which a client may associate. 

[0047] If the link with the maximum end-to-end throughput contains a different MP from 
the current MP, the current MP sends ARF to the client by indicating the MP which is on the 
link with the maximum end-to-end throughput. 

[0048] After the client receiving ARF, it disassociates with the current MP, and associates 
with the MP indicated within the ARF. 
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Field of the Invention 

[0001] The present invention generally relates to wireless networking, more particularly, to a 
mechanism for a wireless client of a wireless network to select an access point for data 
transmission according to the end-to-end throughout performance when there are universal 
repeater and wireless mesh points in wireless communication networks. For client 
association the proposed invention utilizes the specials packets defined within IEEE 802.1 lk 
and 802.11 v standards. 

Background of the Invention 

[0002] IEEE 802.11 based Wireless Local Area Networks (WLANs) have been deployed in 
many places such as at homes, schools, hospitals and cafes as they enables us to reach digital 
information with a great flexibility and low-cost. However, due to harmful effects of wireless 
medium such as walls between transmitted and receiver and fading the throughput achieved 
by the clients in WLAN may be too low. Furthermore, a client may experience some level of 
disconnection from the AP. This is known as wireless coverage problem which causes 
distortion in the wireless communication between clients and the APs. Hence, it is important 
to find efficient and low-cost methods which provide full connectivity in WLANs by 
extending the range. One solution is to increase transmit power of the transmitting nodes in 
the network. However, this solution is not an efficient for two main reasons: first reason is 
that increasing transmit power causes more energy consumption. The second reason is that 
higher transmit power generates more interference in the network. An efficient solution is to 
transmit a signal with two-hop fashion by using a second transmitter instead of single-hop 
transmission with which the signal is transmitted directly to the receiver. 

[0003] For a WLAN, two possible ways which enables two-hop transmission to mitigate the 
coverage problem are given as follows; first solution is to retransmit the signal by an 
Universal Repeater which is deployed at a proper place in WLAN. The second solution is to 
build a wireless mesh network by using multiple Mesh Points (MPs), and the data of a client 
reaches to the gateway by using these mesh points via wireless connection. 

[0004] In both of these scenarios, usually a client associates with the closest transmitter that 
provides the maximum signal strength. However, the signal strength based association may 
be sub optimal solution for two-hop transmission in terms of throughput performance, and 
may degrade the overall throughput of the network significantly. This degradation is basically 
due to the fact that two-hop transmission necessitates the double transmission of the same 
data, which brings some additional delay, and reduce throughput. In most current 
implementations of two-hop transmission schemes, a client is aware of only the transmission 
rate at only one side of the two-hop transmission, which is the transmission rate between the 
UR or a MP and itself. However, the client is not aware of the transmission rate between the 
UR or a MP and the wireless gateway. Although transmission rate at one-side of a two-hop 
transmission is high, the rate at the other side may reduce the overall rate which is the end-to­
end transmission rate of the client. Hence, the two-hop transmission may not always result in 
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a higher throughput. To achieve the best performance the end-to-end transmission rate of a 
client must be obtained and the client association must be performed with this rate. 

[0005] In one embodiment of the invention a new association scheme for clients in a WLAN 
with an UR is proposed. Our invention utilizes a special packet implemented within the IEEE 
802.llk standard. In the invention, UR determines whether one-hop or two-hop transmission 
via the UR provides the maximum throughput for clients. 

[0006] In one embodiment of the invention client association within a mesh network is 
presented by taking into account the end-to-end throughput performance and using particular 
packets implemented in IEEE 802.11 k and 802.11 v standards. 

105 
" 
□ 

107 

" 
□ 

104 
" 
□ 

Figure 1 

106 
" .J;.;J 

103 
102 101 

" Internet 

TP Link Ex. 1025 
Page 30



Field of the Invention 

[0001] The present invention generally relates to wireless networking, more particularly, to a 
mechanism for a wireless client of a wireless network to select an access point for data 
transmission according to the end-to-end throughout performance when there are universal 
repeater and wireless mesh points in wireless communication networks. For client 
association the proposed invention utilizes the specials packets defined within IEEE 802.llk 
and 802.11 v standards. 

Background of the Invention 

[0002] IEEE 802.11 based Wireless Local Area Networks (WLANs) have been deployed in 
many places such as at homes, schools, hospitals and cafes as they enables us to reach digital 
information with a great flexibility and low-cost. However, due to harmful effects of wireless 
medium such as walls between transmitted and receiver and fading the throughput achieved 
by the clients in WLAN may be too low. Furthermore, a client may experience some level of 
disconnection from the AP. This is known as wireless coverage problem which causes 
distortion in the wireless communication between clients and the APs. Hence, it is important 
to find efficient and low-cost methods which provide full connectivity in WLANs by 
extending the range. One solution is to increase transmit power of the transmitting nodes in 
the network. However, this solution is not an efficient for two main reasons: first reason is 
that increasing transmit power causes more energy consumption. The second reason is that 
higher transmit power generates more interference in the network. An efficient solution is to 
transmit a signal with two-hop fashion by using a second transmitter instead of single-hop 
transmission with which the signal is transmitted directly to the receiver. 

[0003] For a WLAN, two possible ways which enables two-hop transmission to mitigate the 
coverage problem are given as follows; first solution is to retransmit the signal by an 
Universal Repeater which is deployed at a proper place in WLAN. The second solution is to 
build a wireless mesh network by using multiple Mesh Points (MPs), and the data of a client 
reaches to the gateway by using these mesh points via wireless connection. 

[0004] In both of these scenarios, usually a client associates with the closest transmitter that 
provides the maximum signal strength. However, the signal strength based association may 
be sub optimal solution for two-hop transmission in terms of throughput performance, and 
may degrade the overall throughput of the network significantly. This degradation is basically 
due to the fact that two-hop transmission necessitates the double transmission of the same 
data, which brings some additional delay, and reduce throughput. In most current 
implementations of two-hop transmission schemes, a client is aware of only the transmission 
rate at only one side of the two-hop transmission, which is the transmission rate between the 
UR or a MP and itself. However, the client is not aware of the transmission rate between the 
UR or a MP and the wireless gateway. Although transmission rate at one-side of a two-hop 
transmission is high, the rate at the other side may reduce the overall rate which is the end-to­
end transmission rate of the client. Hence, the two-hop transmission may not always result in 
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a higher throughput. To achieve the best performance the end-to-end transmission rate of a 
client must be obtained and the client association must be performed with this rate. 

[0005] In one embodiment of the invention a new association scheme for clients in a WLAN 
with an UR is proposed. Our invention utilizes a special packet implemented within the IEEE 
802.1 lk standard. In the invention, UR determines whether one-hop or two-hop transmission 
via the UR provides the maximum throughput for clients. 

[0006] In one embodiment of the invention client association within a mesh network is 
presented by taking into account the end-to-end throughput performance and using particular 
packets implemented in IEEE 802.1 lk and 802.11 v standards. 

105 
" 
□ 

107 

" 
□ 

104 

" □ 

Figure 1 

1 Q._8 

~ 

10,6 

J;;I 

103 
102 101 

" 
Internet 

TP Link Ex. 1025 
Page 32



Electronic Acknowledgement Receipt 

EFS ID: 19382856 

Application Number: 62015853 

International Application Number: 

Confirmation Number: 7666 

Title of Invention: SMART UR 

First Named Inventor/Applicant Name: Mehmet KARACA 

Customer Number: 30593 

Filer: John A. Castellano Ill 

Filer Authorized By: 

Attorney Docket Number: 16773-000010-US-PS 1 

Receipt Date: 23-JUN-2014 

Filing Date: 

Time Stamp: 17:06:11 

Application Type: Provisional 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $130 

RAM confirmation Number 4209 

Deposit Account 080750 

Authorized User 

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

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) TP Link Ex. 1025 
Page 33



Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

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

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

1 
2014_06_23_Provisionalasfiled. 

PDF 

4207151 

yes 46 
94ff135821106ad446382c8aafab795c55dc 

d1a8 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Provisional Cover Sheet (SB 16) 1 2 

Application Data Sheet 3 8 

Specification 9 27 

Drawings-only black and white line drawings 28 46 

Warnings: 

Information: 

29110 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
L375065d43dLli887U6d0L8d4e0e2UIJ46Lfd 

d5d3d 

Warnings: 

Information: 

Total Files Size (in bytes) 4236261 

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 AQQlications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International AQQlication 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 AQQlication 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 181 O), 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. 

TP Link Ex. 1025 
Page 34



Brief Description of the Drawings 

[0006] Figure I is a block diagram showing an exemplary home network where there is a 
single AP serving multiple clients. 

[0007] Figure 2 is a simplified schematic diagram of an exemplary home network. Figure 2 
depicts the transmission rates on the link between an access point and a client. 

[0008] Figure 3 is a block diagram showing an exemplary home network with Universal 
Repeater in which aspects of the present invention can be employed; 

[0009] Figure 4 is a simplified schematic diagram of an exemplary home network where 
there is a single client which mat connect to either UR or AP. 

[0010] Figure 5 shows an actual implementation of a portion of embodiment that can be seen 
in a typical home network, which depicts exemplary transmission rates between access point, 
universal repeater and client. 

[0011] Figure 6 a block diagram of the internal components of the universal repeater. 

[0012] Figure 7 is a flow chart illustrating the structure of the program code executed by the 
universal repeater. 

[0013] Figure 8 is a flow chart illustrating the structure of the program code executed by the 
universal repeater which includes a learning feature. 

[0014] Figure 9 is a schematic diagram showing an embodiment of the invention in 
connection with the utilization of mesh points. 

[0015] Figure IO is a flow chart illustrating the structure of the program code executed by the 

Mesh Points. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0016] The exemplary wireless communication system illustrated at Fig. 1 is a typical IEEE 
802.11 Wireless Local Area Network (WLAN) at homes. A WLAN consists of an Access 
Point (AP) 103 which may connected to Internet 101 through a gateway. In some scenarios, 
there is a Wireless Router or Wireless Gateway which is connected to Internet directly as in 
Fig. 1. The connection between the AP and Internet may be via cable, fiber or optical 102. 
There may be multiple clients (e.g., stationary or mobile wireless clients) on the different 
floors of the home, which are connected to the AP via a different wireless connection. 

[0017] The AP and the clients support the IEEE 802.11 standard (i.e., IEEE 802.11 n/ac). In a 
typical WLAN, the communication between the AP and a client is performed as follows: 
whenever AP starts operation, it transmits beacon packet periodically to announce its 
presence to the clients. The beacon packet is one of the management packets implemented in 
IEEE 802.11 based WLANs, which contains all necessary information about the network 
such as the modulation and coding schemes and encryption types supported by the AP. When 
a client receives a beacon packet from the AP, IEEE 802.11 based authentication (e.g., Wi-Fi 
Protected Access 1 (WPA 2)) is followed so that the attachment of the client to the WLAN is 
enabled. Authentication phase provides a proof of identity for the client to gain access to the 
WLAN. Once the client is authenticated, it associates with the AP so that the AP can deliver 
data to the client properly. After the association phase is completed, the client is ready to 
transmit/receive data to/from the AP. According to the rules in IEEE 802.11 standard and 
due to the limitation in the current hardware implementation a client can associate with only a 
single AP at a time. 

[0018] Fig. 2 shows a simplified version of Fig. 1, where there is a single client associated 
with an AP. 

[0019] In Fig. 2, wireless communication channel between the AP and the client has a highly 
dynamic nature due to super composed of multiple effects such as path-loss, multi-path 
fading and shadowing. These effects may degrade the performance of the client significantly 
especially high data rate transmission is required. Hence, a minimum level of signal strength 
at the client side must be provided so that a seamless communication with a desirable 
transmission rate is supported. In a home network as shown in Fig. 1, there may be multiple 
floors with walls, in which the effect of path-loss and fading increases dramatically. In such 
scenarios, the distance between the AP and the client may be too long for a direct connection 
to be established. For instance, in Fig.2 the transmission rate on the link between the AP and 
the client denoted as R1 may be too low to support a video streaming. 

[0020] In such cases, a Universal Repeater (UR) is deployed at a proper place at the home to 
prevent the coverage problem. Fig. 3 shows an exemplary of a home network where an UR is 
placed at the second floor of the home. Basically, the UR receives signal from the AP, 
amplifies the signal and then re-transmits it to the clients. Hence, the effect of wireless 
medium is mitigated. Consequently, the client receives more signal strength and the 
transmission with higher data rates becomes possible. 
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[0021] In Fig. 4 shows a simplified version of Fig. 3, where there is an AP serving a client, 
and an UR is placed between the AP and the client. The network illustrated in Fig. 4, the 
client can associate with either AP or UR but not both of them at the same time. 

[0022] In the current deployment of WLANs, a client associates with the AP that has the 
highest signal strength. IEEE 802.11 based WLAN, the signal strength at a receiver is 
represented Received Signal Strength Indicator (RSSI). In this home scenario in Fig. 4, the 
client may associate with the UR if the RSSI value of the signal received from UR is higher 
than that of the AP. Although the RSSI based association performs well for one-hop 
transmissions, it does not always provide higher performance when the communication 
between the AP and the client is performed through the UR with two-hop transmission. In 
Fig. 4, r 1 represents the data rates between the AP and the UR and r 2 is transmission rate 
between the UR and the client. With a two-hop transmission in a downlink case, the client 
associates with the UR, and the data first is transmitted to the UR from the AP with a rate of 
r1 , and then the UR amplifies the signal and retransmits it to the client with a rate of r 2 . In 
this two-hop transmission, the same data must be transmitted two times to be received by the 
client, which brings additional delay and affects the overall throughput performance. 
Therefore, it is important to consider the end-to-end throughput that is the throughput 
determined by taking into account the double transmission of the same data between the AP 
and the client. In Fig. 4 the end-to-end throughput between the AP and the client is denoted 
by R2 , and it is determined as follows: 

[0023] In Fig. 4, R1 represents the transmission rate on the direct link between the AP and 
the client, and if the client associates with the AP it achieves data rate of R1 . 

[0024] Fig. 5 depicts an exemplary scenario where there are two clients that may associate 
either with the AP or the UR depending on their end-to-end throughput results. If Client 1 
denoted as C1 associates with the AP directly (i.e., one-hop transmission), it achieves 70 
Mbps amount of throughput. The data rates on the links between C1 and the UR and the UR 
and the AP are equal to 100 Mbps, i.e., r 1 = r 2 = 100 Mbps. After applying equation (1) 
the end-to-end throughout of C1 is equal to 33.33 Mbps. That means if C1 associates with the 
UR it achieves 33.33 Mbps but not 100 Mbps. Therefore, by considering the end-to-end 
throughput, for C1 it is more beneficial to associate with the AP directly instead of associating 
with the UR. 

[0025] If Client 2 denoted as C2 in Fig. 5 associates with the AP, its throughput is equal to 30 
Mbps. The end-to-end throughput between C2 and the AP can be calculated in a similar way 
as that of the end-to-end throughput of Ci, and it is equal to 33.33 Mbps, which is higher than 
the direct transmission rate. Hence, unlikeC1 , for C2 it is more beneficial to associate with the 
UR instead of associating with the AP. 

[0026] In one embodiment of the invention, the association decision of the clients are given 
by the UR. To give the best decision that maximizes the throughput of the clients, the UR ~as 
to know all the transmission rates, r 1 , r 2 , R1 , which necessitates that all the correspondmg 
RSSI values should be measured and collected by the UR. The IEEE 802.1 lk standard which 
is an extension to the IEEE 802.11 has been developed to provide measurement information 
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for APs to make an efficient radio resource management realizable. Within the 802.11 k 
standard, various types of measurements are defined, and the measured data can be used by 
an AP for the optimization of the network performance (i.e., the optimal channel selection, 
the transmit power). In the 802.1 lk, the measurements are performed with request/response 
frame exchanges, and the radio resource measurements defined' in IEEE 802.11 k includes the 
following measurement reports: 

a- Beacon Request/Response Frame enables an AP to request a client to report a set of beacon 
packets it receives on a specified channels. Either active or passive scanning may be used for 
measurement. Logged collected beacon packets is reported back to the AP without requiring 
further measurement. Beacon Report providing RSSI values, BSSID (Basic Service Set 
identification), beacon interval and additional parameters which are based on detected beacon 
or probe responses. 

b- Channel load Request/Response Frame may be used to determine the channel with the 
minimum traffic load. 

c-Receive Power Indication Report indicating received power levels on a measured channel. 

d-Channel Load Report providing the proportion of time for which the measuring wireless 
station determined the channel to be busy, i.e. the time which physical carrier sense or the 
Network Allocation Vector (NAV) indicated busy. 

e- Noise Histogram Repmt including non-802.11 energy for the requested channel by 
sampling the channel when CCA (Clear Channel Assessment) indicates idle. The report 
includes the RPI (Received Power Indicator) densities observed in the channel for eight 
specified RPI levels. 

f- Frame Report providing a summary of traffic from one transmit address and contains 
number of frames, RCPI and BSSID and transmit address. 

g-ST A statistics Report indicating the change in ST A counters within a specified 
measurement duration. 

h-Link Measurement Report includes link path loss and estimation of link margin. 

[0027] In one embodiment of the invention the UR uses Beacon Request/Response Frames 
implemented in IEEE 802.11 k standard which shall be supported by the UR and the client. 
However, the AP does not necessarily support it. 

[0028] In one embodiment of the invention, the client may not support 802.1 lk standard. In 
this case, the UR sends 802.1 lk packets to the AP and in return the AP performs the 
necessary measurements. In the latter case, the UR and the AP supports IEEE 802.11 k 
standard but the client does not necessarily support it. 

[0028] Fig. 7 is a flow chart illustrating a basic method for the invention implemented at the 
UR. The proposed method is based on the scenario given in Fig. 4. The implementing our 
invention to more complex scenarios where there are multiple clients and APs can be 
performed in a similar way. 
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[0029] In Fig. 7 at step 701 our method starts and there are two possibilities for the method to 
be triggered. In one embodiment of the invention a periodic trigger is employed, where the 
method is performed at every T seconds, where T is the period of the measurements which 
are realized to gather the all necessary RSSI values. 

[0030] In one embodiment of the invention, the method may be triggered based on the control 
of the UR, whenever the UR detects a need for the measurement. 

[0031] At step 701, the UR transmits a Beacon Request Frame (BRqF) defined in 802.11 k to 
the client. If more than one AP operating different, the UR may specify the channels that the 
client must measure. At step 702, it must be ensured that the BRqF transmitted by the UR is 
received by the client correctly. If the BRqF is received correctly by the client, the client goes 
to the next step 704 and starts measurement process. Otherwise, the client waits for the next 
period. The unsuccessful transmission of the BRqF may be because of the harmful effect of 
the wireless channel or the collision caused by the transmission of other clients or AP. 

[0031] At step 704 after receiving and decoding the BRqF successfully, then the client 
disconnects from the UR and starts measurement phase where it collects beacon packets that 
it receives from the AP. The beacon packets transmitted by the AP contain information about 
the RSSI value which is used to determine the transmission rate on the link between the AP 
and the client. Then, the client prepares Beacon Report Frame that contains the MAC address 
and operating channel of the AP, and the corresponding RSSI value. After preparing the 
report, the client switches the channel on which the UR operates, and the report is sent back 
to the UR. In an exemplary embodiment of the invention, there may be multiple APs 
operating different channels. For this case, the client measures each channel, and collects 
beacon packet from each AP operating on those channels. Then, the Beacon Report Frame 
contains all MAC addresses and the operating channels of the APs, and the corresponding 
RSSI values as well. 

[0032] At step 705, after receiving the RSSI value then the UR is able to determine the direct 
transmission rate on the link between the client and the AP denoted as R1 . To calculate the 
end-to-end rate denoted as R2 , the UR has to know r1 and r 2 • At step 705, the UR listens 
the channel, and receives beacon packets from the AP. By using the received beacon packet 
of the AP, the UR first observes the RSSI value of the signal coming from the AP, and then 
determines the transmission rate, r 1 . Next, the UR determines the rate on the link between 
the client and itself, r 2 • The RSSI value of the signal coming from the client allows the UR to 
calculate rate r 2 . Finally, the UR observes all the rates, r 1 , r 2 , R1 . The end-to-end 
transmission rate R2 is calculated by applying equation (1 ). 

[0033] At step 706, the UR decides whether two-hop transmission via the UR or one-hop 
transmission is more beneficial for the client in terms of throughput. At step 706, this 
decision is given by the UR by comparing the rates R1 and R2 • If the transmission rate R1 

is higher than the end-to-end throughput R2 , then associating with the AP provides more 
throughput for the client. Hence, at step 707, the UR transmits disassociation frame to the 
client, and the client disconnects from the UR, and it associates with the AP. If the end-to­
end transmission rate R2 is higher than the rate on the direct transmission rate R1 then the 
client keeps associating with the UR. 

[0034] In an exemplary embodiment of the invention, the client may not wish to response for 
every BRqF. This is because of preventing frequent disconnection of the communication 
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between the UR and the client. This is particularly important when the client has delay 
constrained application such as Voice over IP. 

[00~5] Fig. 8 is a flow chart illustrating the improvements for the method described in Fig. 7. 
Basically, there are two main improvements on our method that are explained in the 
following paragraphs. At step 801 the tiigger of the new method may be periodic, where at 
every T seconds the UR transmits BRqF to the client to gather information on the quality of 
the link between the AP and the client. At step 802, the UR checks whether the BRqF is 
received and accepted by the client. If it is accepted, then the client performs the next step 
804. If the BRqF is not accepted by the client, the duration T is too large for the client, and 
the client is not willing to perform measurement for a large value of T. Then, at step 803, the 
UR decreases T, and specifies the new value of Tin the next BRqF, which is transmitted to 
the client in the next round. If the client accepts this new value of T, then the next step 804 is 
performed. Otherwise, the UR keeps decreasing T until the client accepts it. When the client 
accepts the period T, it starts the required measurement. First, it disconnects from the UR and 
collects beacon packets that it receives from the other AP operating in the specified channels. 
In those beacon packets that the client collects contain information regarding the RSSI values 
of each AP that the client hears. Then, the client prepares report frame that contains the MAC 
address of the APs that the client hears, the operating channels of these AP and the 
corresponding RSSI values. After preparing the report, the client switches the channel on 
which the UR operates, and the report is sent back to the UR. 

[0035] At step 805, after receiving the RSSI values then the UR is able to determine the 
direct transmission rate on the link between the client and the AP, R1 . To calculate the end­
to-end rate R2 , the UR has to know r 1 and r 2 . To do that, at step 805, the UR listens the 
channel, and receives beacon packets from the AP. By using the received beacon packet of 
the AP, the UR first observes the RSSI value of the signal coming from the AP, and then 
determines the transmission rate R1 . Next, the UR determines the rate on the link between 
the client and itself, R2 . The RSSl value of the signal coming from the client allows the UR 
to calculate rate R2 • Finally, the UR observes all the rates, ri, r 2 and R1 . The end-to-end 
transmission rate R2 is calculated by applying equation ( 1 ). 

[0036] To provide the client to have the maximum throughput, the UR decides whether the 
client associated with the AP or itself. At step 806, this decision is given by the UR by 
comparing the rates R1 and R2 . In one embodiment of the invention, if the difference 
between the rates R1 and R2 is not too much, the client may not wish to experience frequent 
association/disassociations. Therefore, in this embodiment of the invention, a threshold 
based association scheme is employed, where the client association is performed only if the 
difference between R1 and R2 is higher than a pre-defined threshold. If the difference 
between R1 and R2 is higher than the threshold then for the client associating with the AP is 
more beneficial in terms of the maximum achievable throughput. Hence, at step 807, the UR 
transmits disassociation frame to the client, and the client disconnects from the UR, and it 
associates with the AP. Otherwise, the client keeps associating with the UR. 

[0037) Fig 6. is a block diagram showing an example of a hardware configuration of the UR. 

The UR has a CPU, a memory, Medium Access Control (MAC) chip, a Radio Frequency 

Chip (RF) with antennas. These elements are connected by a bus that is possible for a 

bidirectional data communication. The CPU reads program from the memory and realizes 
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various functions of the UR. The memory temporary stores the data, which is required during 

the execution of the program. The CPU and the memory can be configured as separate or can 
be configured as one. 

[0038] In Fig. 6, wireless communication is realized by MAC and RF chip. At MAC chip, the 

clients and the AP access to the wireless medium in the pre-defined rules which are defined 

according to the IEEE 802.11 standard. At RF chip, the data packets are converted to radio 

waves and are transmitted to the wireless medium via antennas. The invention is 

implemented at MAC chip via a software program that can be easily deployed at any MAC 

chip with the capability of IEEE 802.1 lk standard. 

[0039] Different from deploying an UR at homes, another way to mitigate the bad effect of 

the wireless medium and to extend the coverage of wireless network is using multiple APs to 

create a wireless mesh network, and to deliver data over this mesh network. However, 

although the coverage is extended significantly, since the wireless mesh points (MPs) use the 

same limited wireless medium, the available capacity is shared among all mesh points, which 

may cause some level of decrease in the end-to-end throughput of a client as in the case of 

using an UR. 

[0040] Although an UR just amplifies and retransmits an incoming signal, a MP can decide 

more intelligent decision such as routing in which it can change the direction of the 

communication according to some required constraints. For instance a MP can transmit data 

over the path which will provide the minimum contention or the maximum throughput. 

However, a client usually associates with the closet MP since its RSSI is higher than other 

MPs in the network. Hence, the end-end throughput does not usually taken into account when 

association decision is given, which causes the same inefficiency problem occurred in the 

network where UR are used for range extension. 

[0041] Fig. 9 shows an example network where mesh points denoted as MPs are connected to 

the AP wirelessly. Also, the clients may connect the MPs via wireless connections, or they 

may connect to the AP directly without communication with the MPs. For a downlink 

scenario, the client receives data from the AP through MPs, where the clients' data firsts 

arrives into one of the MP, then that MP transmits the data to the clients. For uplink scenario, 

the clients wish to transmit data to the AP or gateway. The client may transmit directly to the 

AP or to a MP. Then, that MP transmits data to the AP wirelessly. For both downlink and 

uplink scenarios, the end-to-end throughput between the client and the AP should be taken 

account, and the decision of the client association is given with the knowledge of the end-to­

end transmission rate. 
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[0042] Fig. 10 is a flow chart illustrating a basic method for the invention implemented at 
the MPs. At step 1001, the current MP with which the client is associated transmits BRqP to 
the client and the other MPs. If the BRqF is not received by any of MPs or the client, the MP 
keeps transmitting BRqF until all other MPs and the client accept it. 

[0043] At step 1004, the client collects beacon packets that it receives from other MPs and 
the AP, and observes the corresponding RSSI values. Then, the client prepares 802.1 lk 
Beacon Request Reports which contains the information about the received beacon packets 
with the corresponding RSSI values, and sends it to the current MP. 

[0044] At step 1005, the other MPs also collects beacon packets that they receive from the 
AP, and report it to the current MP. 

[00441 At step 1006, the MP determines all possible end-to-end throughput on each link 
between the AP and the client by using the gathered transmission rates at step 1004 and step 
1005. 

[0045) At step 1007, the current MP determines the best link with the maximum end-to-end 
throughput is observed. If the current MP involves with the best link, then the client keeps 
connecting to the current MP. 

[0046] The best link may not always involve with the current MP. In this case, the client shall 
associate with the MP that involves with the best link. To do that first, the current MP 
determines the MP which involves with the best link. In the next phase, the current MP needs 
to inform the client about the new MP with the maximum end-to-end throughput. In one 
embodiment of the invention, 802.11 v packets are used to inform client devices in a standard­
compliant manner. Other standard-compliant methods or proprietary ones may be used to 
convey the same information. 802.11 v provides the wireless resource management 
enhancements to 802.11. While 802.11 k provides the frames to gather useful network 
information by measuring, 802.11 v enables the ability of configuring the clients. IE:i?E 
802.11 v standard includes the following special frame: 

- Association Request Frame (ARP): In an ARP, an AP specifies one or more MAC addresses 
of the candidates APs with which a client may associate. 

[0047) If the link with the maximum end-to-end throughput contains a different MP from 
the current MP, the current MP sends ARP to the client by indicating the MP which is on the 
link with the maximum end-to-end throughput. 

[0048] After the client receiving ARP, it disassociates with the current MP, and associates 
with the MP indicated within the ARP. 
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