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Abstract of CNIG1E10558 (A}

The invention relates 1o a mobile terminal device comprising a detection moduie, a
wandering adiusting modiude, & posifion-sensing moduls, a3 wandering deciding moduls
and a wandering executing module. The detection module detacts prior communication
gnvironmental parameters of a pluraiity of base stations and a wandering frequency
and an encapsuiation-sending faillurs rate of the mobile terminal device,; the wandsering
adjusting modute receives the prior communication environmental parameters and the
wandering frequency and the encapsulation-sending failure rate of the mobile tferminal
device and caloulatas an RQE the position-sensing module calculates a UM1T according
i the RQI and adjusts the freguency of the mobile lerminal device for scanning
destination base stations gecording to the UMY, the wandering deciding module
receives the UM and judges whether a destination base station salisfyving wandering
conditions corresponding o the UMI exists or not and the wandering axscuting module
fs used for receiving a wandering executing command, breaking up the communication
between the mobile terminal device and the prior base siation and esiablishing the
communication belween the mobileterminal device and the destination base station.
The invention alsoe provides a wandering method of the mobile terminal device. The

TP Link Ex. 1004
ge 246
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DESCRIPTION CN101610558

A mobile terminal device includes a detection module detecting a current communication environment
parameter of a plurality of base stations and a roaming frequency of the mobile terminal device and a packet
transmission failure rate; the roaming adjustment module receives the current communication environrment
parameter and the roaming frequency of the mobile terminal device and the packet transmission The failure rate
calculates the RO the location detection module calculates the UMI according to the RQL and adjusts the
{requency of the mobile terminal device scanning the target base station according to the UMI the roaming
decision module receives the UM, and determines whether there is a target that satisfies the roaming condition
corresponding to the UMI The base station, the roaming execution module is configured to receive the roaming
execution comymand, disconnect the cormmunication between the mobile terminal device and the current base
station, and establish communication between the mobile terminal device and the target base station. The present
invention also provides a method for roaming a mobile terminal device, which reduces energy consumption
during roaming of the mobile terminal device.

Mobile terminal device and roaming method thereof

Technical field

The present invention relates to a mobile terminal device, and more particularly to a mobile terminal device
roaming using communication environment parameters of a plurality of base stations and a roaming method
thereof.

Background technique
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With the widespread application of base stations, mobile terminal devices can access the Internet by establishing a
connection with a wireless local area network {Access Point, AP). Generally, each base station can be connected
t0 a certain number of wireless terminal devices. When the base station's Receive Signal Strength Indication
(RSS1) is weakened or the current network congestion becomes severe, the base station and the hase station are
The connection of the mobile terminal device is interrupted, thereby interrupting the transmission of data. In
order to prevent the interruption of the transmission of data due to the interruption of the connection, the
mobile terminal device usually roams frorn the current base station to a target base station that is better than the

current base station.

In the prior art, the mobile terminal device generally selects a base station with a stronger RSSI than the carrent
base station and a better network quality than the current network as a roaming target, and the mobile terminal
device continuously scans the target base station at a fixed frequency during the roaming process. Choosing a
better base station as a target for roaming, but constantly scanning at a fixed frequency can result in rapid

consumption of power to the mobile terminal device.

Summary of the invention

In view of the above, the present invention provides a mobile terminal device capable of saving power
consurption and a roaming method thereof.

A mohbile terminal device for roaming from a current base station to a target base station according to
communication environment parameters of a plurality of base stations, where the mobile terminal device
includes:

a detecting module, configured to detect, in a predetermined detection tirme, a current communication
environment parameter of the plarality of base stations, a roaming frequency of the mobile terminal device, and a
packet transmission failure rate;

a roarning adjustment module, configured to receive a current communication environment parameter of the
plurality of base stations, a roaming frequency of the mobile terminal device, and a packet fransmission failure
rate, and calculate a Radio Quality Index (RQI) value, and according to the The RQI value adjusts a roaming
threshold of the current base station;
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a location detection module, configured to receive an RQI value of the roaming adjustment module, calculate a
User Movement Index {{IM1} value, and adjust, according to the UM! value, the mobile terminal device to scan
a target hase station frequency;

a roaming determining module, configured to receive, by the detecting module, a current communication
environment parameter of the plurality of base stations, a roaming frequency of the mobile terminal device, and a
packet transmission failure rate, and receive the a UMI value, and a target base station for determining whether a

roaming condition corresponding to the UMI value is met; and

a roaming execution module, configured fo: when the roaming determination module defermines that there isa
target base station that satisfies a roaming condition corresponding o the UMI value, receive a roaming
execution cornmand sent by the roaming determining module and a receiving signal of the target base station a
Received Signal Strength Indication {RSSI) value, disconnecting the mobile terminal device from
communication with the current base station, and establishing communication between the mobile terminal
device and the target base station.

A roaming method applied to the mobile terminal device includes the following steps:

The detecting module detects a current communication environment parameter of the base station area, a
roaming frequency of the mobile terminal device, and a packet transiission failure rate in a predetermined

detection time;

The detecting module sends a current comynunication environment parameder of the base station area, a
roaming frequency of the mobile terminal device, and a packet transmission faikure rate to the roaming
adjustment module and the roaming decision module;

The roaming adjustment module obtains a Radio Quality Index (RQI) value by calculating a current
communication environment parameter of the base station area, and adjusts a roaming threshold value of the
current base station according to the RQI value, and a sending station. Deriving the RQI value to the position
detecting module;

The location detection module receives an ROE value of the roaming adjustment module, and calculates a User
Movement Index (UM} value according to the RQI value, and adjusts the mobile terminal device scan
according to the UMl value. The frequency of the target base station;
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The roaming decision module determines whether there is a target base station that satisfies a roaming condition
corresponding to the UMI vahue; and

I there is a target base station that satisfies the roaming condition, the roaming execuation module receives a
Received Signal Strength Indication (RSSI) value of the target base station of the roarming execution command
sent by the roaming decision module, and disconnects the The communication between the mobile terminal
device and the base station is established, and communication between the mobile terminal device and the target
hase station is established, and if there is no target base station that satisfies the roarning condition corresponding
to the UMI value, the operation ends.

Compared with the prior art, the mobile terminal device and the method for roaming by using the
communication environment parameters of the plurality of base stations, the location detecting module,
according to the UMI value, adjusting the frequency at which the mobile terminal device scaus the farget base
station, The roaming decision module enables the mobile terminal device to successfully roam to the target base
station according to whether there is a target base station that satisfies the roaming condition corresponding to
the UMl value, and the mobile terminal device according to the user during the roaming process The mobile
state automatically adjusts the frequency of scanning the target base station in real time, and reduces the energy
consumption during the roaming process of the mobile terminal device by adjusting the scanning frequency.

DRAWINGS

The present invention will be further described in detail below with reference to the accompanying drawings in
conjunction with the preferred embodiments.

FIG. 1 s a schematic diagram of communication between a preferred embodiment of a mobile terminal device
and a base station according to the present invention.

2 is a block diagram of a preferred embodiment of a mobile terminal device of the present invention.

3 is a flow chart of a preferred embodiment of a method for roaming the mobile terminal device of FIG. 1.
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detailed description

Referring to FIG. 1, a preferred embodiment of the mobile terminal device 200 of the present invention is applied
to 3 base station area 100. The base station area 100 includes a number of base stations, such as base stations 110,
120, 130, .... In this embodiment, the mobile terminal device 200 and the base stations 110, 120, 136, ... are
devices conforming to the WiFi standard of the Institute of Electrical and Electronics Engineers (IEEE) 802.11.
The mobile terminal device 200 and the base station 110, 120, 130, ... may also be devices that corply with other
standards.

In this mplementation manner, the mobile terminal device 200 cormmunicates with the base station 110, when
the communication environment in which the base station 118 is located gradually deteriorates to prevent the
mobile terminal device 200 from being atways in the WiFi network. The mobile terminal device 200 interrupts
the communication connection with the base station 110. At this time, the mobile terminal device 200 needs to
roam from the base station 118 to another hase station such as the base stations 124, 130, ... In order to keep the
mobile terminal device 200 in the Wi network.

Referring to FIG. 2, the mobile termival device 200 includes a detection module 210, a roaming adjustinent
module 220, a bit detection module 236, a roaming decision module 240, and a roaming execution module 250.
The various modules in the mobile terminal device 200 can be constructed by a corputer program or circuitry.

The detecting module 210 is configured to detect a communication environment condition of an environment
where the mobile terminal device 200 is located within a predetermined detection time, where the
communication environment condition includes a current communication environiment parameter of the base
station area 100 and roaming of the mobile terminal device 200. Frequency and packet transmission faiture rate.
The current communication environment parameter of the base station area 180 includes a quality of service
basic service set ((QBSS) of the basic service unit of the base station area 100 and a received signal strength
indicator of the base station area 100 {Received Signal} Strength Indication, RSSH Rate of change. The QBSS of
the base station area 100 identifies the current channel utilization rate of each base station and the load amount of
each base station. The larger the value of the QBSS, the sialler the utilization rate of the current chaunel of each
base station is. The greater the load per base station, that is, the worse the quality of service of the base station area
106. The RSS1 change rate of the base station area 100 is the amount of change of the base station area 100 during
the detection time, and identifies the working stability of each base station. The larger the R5SI value, the higher
the service quality of each base station. it is good. The roaming frequency of the mobile terminal device 200 is
that the detecting module 210 detects the number of times the mobile terminal device 200 roams during the
system working tirne within a predetermined detection time, and the roaming frequency of the mobile terminal
device 200 identifies the mobile terminal The stability of the communication connection between the device 200
and the base station area 100, the higher the roaming frequency of the mobile terminal device 200, the worse the
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communication connection stability of the ruobile terminal device 200 and the base station area 100 is. The
packet transmission failure rate of the mobile terminal device 200 is the number of times the packet transmission
{ails during the voice operation time, and the communication between the mobile terminal device 200 and the
hase station (in the present embodiment, the base station 118} corresponding to the commumication is identified.
The connection stability is higher, and the higher the packet transimission failure rate of the mobile terminal
device 200, the worse the communication connection stability of the mobile terminal device 200 and the base
station 116 is. The detection time, the system operation time, and the voice operation time may be set to the same
value or different values according to actual needs.

The roaming adjustment module 220 is configured to receive a current communication environment parameter
of the base station area 100 and a roaming frequency and a packet transmission failure rate of the mobile terminal
device 200, and calculate a radio quality indicator. A {Radio Quality Index, RQI) value, and a roaming threshold
{Roaming Threshold) of the base station in communication with the mobile terminal device 200 is adjusted
based on the calculated RO value. In this embodiment, the roaming adjustinent module 220 obtains an RO

value by using an operation formula.

The calculation formula of the ROl value is:

RQI=Max_RQI-iRQI, (1)

Where the maximum RQT is the default value, and

IROQI={({Avg_OBSS +Max_QBSS)*Max_ROI*0.5)+

{{{Roam_Freq+Max_Freq)*Max_RQI*0.2)+

{({Retx_Rate +Max_Retx_Rate)*Max RQD*0.2}+

{{{Avg_RSSI_Variance +Max_RSSI_Variance)*Max_RQI*0.1).

@)
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among them,

Max_RQL maximum value of RQIL;

Max_QBSS: QBSS maximum;

Avg OQBSS: OQBSS average;

Max_Freq: the maximum number of roaming tires;

Roam_Freq: the number of current roarnings of the mobile terminal device 200;

Max_Retx_Rate: the maximum packet transiission failure rate;

Retx_Rate: current packet transmission failure rate of the mobile terminal device 200;

Max_RSSI_Variance: the maxinmum value of the RSSI change rate of the base station area 100;

Avg RSSI_Variance: The average of the R3S rate of change of the base station area 100.

The value of Max_RQ! is preset to 100, the value of Max_(JBSS is preset to 100, and Avg_OBSS is the average
value of QBSS of all base stations in the base station area 100. Max_Freq is the maximum number of times the
mobile terminal device 200 is roaming during the system operating time. Roam_Freq detects, for the detection
module 210, the number of actual current roamings of the mobile terminal device 200 during the system
operating time within a predetermined detection time. Max_Retx_Rate is the maximum packet transmission
failure rate of the mobile terminal device 200 during the voice job time. The Reix_Rate detects, for the detection
module 210, the actual current packet transmission faiture rate of the mobile terminal device 200 during the voice
working fime within a predetermined detection time.
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Max_RSSI_Variance is the maximum value of the rate of change of the RSSI of the base station area 100 within
the detection time.

The Avg _RSSI_Variance is an average value of the RSSI change rate of the base station area 100 detected by the
detecting module 210 within a predetermined defection time,

In this embodiment, different RGI values identify different communication environment states, inchuding a
normal state, a high traffic state, and an interference state (or a severe interference state). The two preset values 46,
70 are preset in the roaming adjustment module 220. If the RQI value is greater than or equal to the preset value
78, the communication environyoent state of the base station area 100 is in a normal state, and the
communication environment quality is normal; If the ROI value is greater than or equal to the preset value 40
and less than the preset value 70, the communication environment state of the base station area 100 is in a high
traffic state, and the communication environment quality is relatively poor; if the RO value is less than the preset
value 40 The communication environment state of the base station area 100 is in an interference state, and the
communication enviromment guality is even worse. More or less communication environment quality states way
be distinguished according to the ROl value, and the threshold values of the various communication
environment quality states are not limited to the preset values 40 and 70, and different values may be set
according to actual needs.

In this implementation manper, the roaming adjustroent module 220 may adjust a roaming threshold value of the
base station area 100 that is in communication with the mobile terminal device 200 according to an RQI value. If
the RQI value is less than 70, the roaming adjustinent module 220 increases the roaming threshold of the base
station 118 in communication with the mobile terminal device 200. The smaller the RQI value, the higher the
roaming threshold will be adjusted. The roaming threshold value includes a difference between a target base
station of the mobile terminal device 200 after roaming and an RSSI of the base station 110 currently
communicating with the mobile ferminal device 200, and a difference between (JBSS.

The location detecting module 230 is configured to find an alternate target base station for the mobile terminal
device 200 when the mobile terminal device 200 comymunicates with the base station 110, when the mobile
terminal device 200 and the base station 110 communication is interrupted {o enable the mobile terminal device
200 to quickly roam to the alternate target base station. The location detection module 230 calculates a User
Movement Index (UMI) value according to the RQI value of the roaming adjustment module 220, and adjusts
the mobile terminal device 200 to scan the target base station according to the UMI value. frequency.

In this embodiment, different UMI values identify different user movement states, and the user movement states
include a stationary state, 2 walking state, and a runming state. If the user moves to the quiescent state, the
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communication signal between the mobile terminal device 200 and the base station region 100 is stable, and the
standby target base station can be found by shortening the scanning frequency, that is, expanding the scanning
interval, and if the user moves to the walking state, Because the user moves at a speed that is not fast, the
communication signal of the mobile terminal device 200 and the base station area 100 does not rapidly decrease,
and the scan frequency can be adjusted between the scanning frequency of the stationary state and the scanning
frequency of the running state. If the user moves {o the running state, because the user moves quickly, the
comimnunication signal of the mobile terminal device 200 and the base station area 100 is rapidly weakened or
even interrupted, and the mobile terminal device 200 needs to quickly find a backup. The target base station can
therefore set a higher scanning frequency to cause the mohile termival device 200 to quickly roam {o the target
base station. Since the above three states use different scanning frequencies, and the prior art uses only one fixed
frequency scanning, the present invention can effectively save power.

The roaming decision module 240 is configured to receive the current conununication environment parameter
of the base station area 100 and the roaming frequency of the mobile terminal device 208, and receive the UMI
sent by the location detecting module 230. The roaming decision module 240 is configured to determine whether
there is a targef base station that satisfies the roaming condition corresponding to the UMI value, and if thereis a
target base station that satisfies the roaming condition corresponding to the UMI, the roaming decision modale
Sending a roaming execution command to the roaming execution module 250, notifying the roaming execution
module 250 to establish a connection with the target base station; if there is no target base station that satisfies the
roaming condition corresponding to the UM value, ending the operation .

The roaming execution module 250 is configured to receive the roaming execution command sent by the
roaming decision module 240 and the RSS of the base station area 100, disconnect the mobile terminal device
200 from the base station 114, and establish a The communication of the mobile terminal device 200 with the
target base station.

3 is a preferred embodiment of the method for communicating the mobile terinal device 200 and the base
station in FIG. 2, including the following steps:

Step S1: The detecting module 210 detects a current communication environment parameter of the base station
area 100 and a roaming frequency and a packet transmission failure rate of the mobile terminal device 200 within
a predetermined detection time.

Step S2: The detecting module 210 sends the current communication environment parameter of the base station
area 100, the roaming frequency of the mobile terminal device 200, and the packet transmission failure rate to the
roaming adjustment module 220 and the roaming decision module 240.
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Step S3: The roaming adjustment module 220 obtains an RQI value by calculating a current communication
environment of all the base stations, and adjusts a roaming threshold value of the base station area 100 according
to the RQI value, and sends the RQI value to the The position detection module 230 is described.

Step S4: The Iocation detecting module 230 receives the RQI value of the roaming adjustment module 220,
calculates a user mobility fndex UMI value according to the ROl value, and adjusts the scanning target of the
mobile terminal device 200 according to the UMI value. The frequency of the base station.

Step S: The roaming decision module 240 determines whether there is a target hase station that satisfies the
roaming condition corresponding to the UMI value.

Step S6: If there is a target base station that satisties the roaming condition corresponding to the UM, the
roaming execution module 258 receives the roaming execution command sent by the roaming decision module,
and disconnects the mobile terminal device 200 from the base. The communication of the station 110 establishes
communication between the mobile terminal device 200 and the target base station, and if there is no target base
station that satisfies the roaming condition corresponding o the UMI value, the operation ends.

The mobile terminal device 200 and the method for roaming by using the communication environment
parameters of the plurality of base stations, by adjusting the frequency of the mobile terminal device 200 scanmning
the target base station, the mobile terminal device 20{ can successfully roam to the target base station, The mobile
terminal device automatically adjusts the frequency of scanning the target base station in real time according to
the mobile state of the user during the roaming process, and reduces the energy consumption during the roaming
process of the mobile terminal device by adjusting the scanning frequency.
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I

A mobile terminal device for roaming from a current base station to a target base station according to
communication environment parameters of a plurality of base stations, where the mobile terminal device
includes:

a detecting module, configured to detect, in a predetermined detection time, a current communication
environment parameter of the plurality of base stations, a roaming frequency of the mobile terminal device, and a
packet transmission failure rate;

a roaming adjustment module, configured {0 receive a current conmunication environment parameter of the
plurality of base stations, a roaming frequency of the mobile terminal device, and a packet transmission failure
rate, and calculate a Radio Quality Index (RQI) value, and according to the The RQI value adjusts a roaming
threshold of the current base station;

a location detection module, configured to receive an RQI value of the roaming adjustment module, calculate a
User Movement Index {{IM1} value, and adjust, according to the UM! value, the mobile terminal device to scan
a target hase station frequency;

a roaming determining module, configured to receive, by the detecting module, a current communication
environment parameter of the plurality of base stations, a roaming frequency of the mobile terminal device, and a
packet transmission failure rate, and receive the a UMI value, and a target base station for determining whether a
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roaming condition corresponding to the UMI value is met; and

a roaming execution module, configured to: when the roaming determination module determines that there isa
target base station that satisfies a roaming condition corresponding to the UMI value, receive a roaming
execution comymand sent by the roaming determining module and a receiving signal of the target base station a
Received Signal Strength Indication (RSSE) value, disconnecting the mobile terminal device from
communication with the current base station, and establishing cormunication between the mobile terminal
device and the target base station.

2.

The mobile terminal device according to claim 1, wherein the current communication environment parameters
of the plurality of base stations comprise a quality of service basic service set ((QBSS) value of the basic service unit
of the plurality of base stations and The RSS8I change rate of the plarality of base stations, the OBSS of the
plurality of base stations identifying the utilization rate of the channel of each base station and the load amount of
each base station, and the RSSI chiange rate is the each base station in the The amount of change during the
detection time is used to identify the operational stability of each base station.

3.

The mobile terminal device according to claim 1, wherein the roaming frequency of the mobile terminal device is
that the detecting module detects that the mobile terminal device is within a system working time of the mobile
terminal device within a predetermined detection time. The number of roamings, the roaming frequency of the
mobile terminal device identifies the communication stability of the mobile terminal device and the current base
station, and the higher the roaming frequency of the mobile terminal device, the mobile terminal device and the
current base station The worse the communication stability.

4.

The mobile terminal device according to claim 1, wherein the packet transmuission failure rate of the mobile
terminal device is the number of times the packet transmission fails during the voice operation time, and the
current base station that identifies the mobile terminal device to communicate with it Communication stability.

5.

The mobile terminal device according to claim 1, wherein the RQI value is calculated as:

ROI=Max_ROIiROL
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{1

iIRQI={{{Avg_QBSS+Max_(BSS)*Max_RQEH*0.5)+

{{{Roam_Freq-+Max_Freq)*Max _RQD*0.2)+

(((Retx_Rate-+Max_Retx Rate}*Max RCI*0.2)+

{{{Avg_RSSI_Variance +Max_RSSI Variance)*Max_RQI*0.1), (2)

among them,

Max_RQI=100;

Max_(BSS=100;

Max_ROL maximum value of RQE

Max_JBSS: (3BSS maximum;

Avg (3BSS: QBSS average;

Max_Freq: the maximum number of roaming times;

Roam_Freq: the number of current roaming of the mobile terminal device;

Max_Retx_Rate: the maximum packet transimission fatlure rate;
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Retx_Rate: the current packet transmission faiture rate of the mobile terninal device;

Max_RSSI_Variance: the maximurn value of the RSSI change rate of the base station area;

Avg RSSI Variance: The average of the RSS] rate of change for the base station area.

6.

The mobile terminal device according to claim 5, wherein said different R(QI values identify different
cominunication environment states, and said communication environment states include a normal state, a high
traffic state, and an interference state.

7.

The mobile terminal device according to claim 6, wherein the roaming adjustment module presets a first preset
value and a second preset value, and the first preset value is greater than the second preset a value, if the RQI
value is greater than or equal to the first preset value, the communication environment state of the current base
station is in a normal state, and the communication environment quality is normal; if the RQI value is greater
than or equal (o a second presef value And being less than the first preset vatue, the communication environment
state of the current hase station is in a high traffic state, and the communication environiment quality is relatively
peor; if the ROQI value is less than the second preset value, the current base station The communication
environment state is in an interference state, and the communication environment guality is very poor.

8.

The mobile terminal device according to claim 1, wherein the roaming threshold value comprises a difference
between the target base station of the mobile terminal device after roaming and an RSSI of the current base
station, and a basic service unit The difference in Quality of Service Basic Service Set {(OBSS).

9.

A roaming method applied to the mobile terminal device of claim 1, comprising the steps of:

The detecting module detects a current communication environment parameter of the base station area, a
roaming frequency of the mobile terminal device, and a packet transmission failure rate in a predetermined
detection time;
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The detecting module sends a current cormmunication envirenment parameter of the base station: area, a
roaming frequency of the mobile terminal device, and a packet transmission failure rate to the roaming
adjustment module and the roaming decision module;

The roaming adjustinent module obtains 2 Radio Quality Index (RQ1) value by calculating current
commuuication environment parameiers of all base stations, and adjusts a roaming threshold value of the base
station area according to the ROQI value, and a sending station. Deriving the ROI value to the position detecting
module;

The location detection module receives the RQI value of the roaming adjustment module, calculates a User
Movement Index (UMI) value according to the ROQI value, and adjusts the mobile terminal device scanning
target according to the UMI value. The frequency of the base station;

The roaming decision module determines whether there is a target base station that satisfies a roaming condition
corresponding to the UMI value; and

H there is a target base station that satisfies the UMI value roaming condition, the roaming execution module
receives a roaming execution command sent by the roaming decision module and a Received Signal Strength
Indication (RSSI) of the target base station. And disconnecting the communication between the mobile terminal
device and the base station, and establishing communication between the mobile terminal device and the target
base station, if there is no target base station that satisfies the roaming condition corresponding to the UMI value,
Then the operation ends.

10.

The method for roaming a mobile terminal device according fo claim 9, wherein the carrent communication
environment parameters of the plurality of base stations comprise quality of service of the basic service units of
the plurality of base stations (Quality of Service Basic Service Set, (3BSS) a value and an RSSI change rate of the
plurality of base stations, the QBSS of the plurality of base stations identifying a utilization rate of a channel of
each base station and a load amount of each base station, the RSSI change rate being the each base The amount of
change of the station during the detection time identifies the operational stability of each base station.

i1

The method for roaming a mobile terminal device according to claim 9, wherein the roaming frequency of the
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mobile terminal device is that the detecting module detects that the mobile terminal device is in the calling
terminal device within a predetermined detection time. The number of times of roaming in the system operating
time, the roaming frequency of the mobile terminal device identifies the communication stability of the mobile
terminal device and the current base station, and the higher the roaming frequency of the mobile terminal device,
the mobile terminal device The communication stability with the current base station is worse.

12.

The method for roaming a mobile terminal device according fo claim 9, wherein the packet transmission failure
rate of the mobile terminal device is a number of times the packet fransimission fails during the voice operation
time, and the mobile terminal device is identified to conmununicate with the corresponding The communication

stahility of the current base station.

13.

The method for roaming a mobile terminal device according to claim 9, wherein the calculation formula of the
RQI value is:

ROI=Max_ROILRQL

(1)

iIRQI={{{Avg_QBSS+Max_(BSS)*Max_RQH*0.5)+

{{{Roam_Freq+Max_Freq)*Max_RQD*0.2)+

{({{Retx_Rate =+ Max_Retx_Rate)*Max _ROQI}'0.2)+

among them,

Max_ROQI=100;
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Max_QBSS=108;

Max_RQOIL maximum value of RO

Max_QBSS: QBSS maximum;

Avg (BSS: (OBSS average;

Max_Freq: the maximum number of roaming times;

Roam_Freq: the number of current roaming of the mobile terminal device;

Max_Retx_Rate: the maximum packet transmission failure rate;

Retx_Rate: the current packet transmission failure rate of the mobile terminal device;

Max_RSSI_Variance: the maximuim value of the RSSI change rate of the base station area;

Avg RSSI Variance: The average of the RSS1 rate of change for the base station area.

14

A method of roaming a mobile terminal device according to claim 13, wherein said different RQI values identify
different communication environment states, and the communication environment states include a normal state,
a high traffic state, and an interference state.

15,
The method for roaming a mobile terminal device according to claim 14, wherein the roaming adjustment
module presets a first preset value and a second preset value, and the first preset value is greater than the a second
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preset value, if the ROI value is greater than or equal to the first preset value, the communication environment
state of the current base station is in a normal state, and the commumication environment quality is normal; if the
RQOI value is greater than or equal to the second The preset value is smaller thaun the first preset value, the
communication environment state of the current base station is in a high traffic state, and the communication
environment quality is relatively poor; if the RQI value is less than the second preset value, the The
communication enviromment status of the current base station is in an interference state, and the communication
environment quality is very poor.

16.

The method for roaming a mobile terminal device according to claim 9, wherein the roaming threshold value
includes a difference between an RSSI of the target base station and the current base station after the mobile
terminal device roams The difference between the Quality of Service Basic Service Set {QBSS) of the basic service
unit.
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Abstract of CNIBITIGEES (A}

Apparatus and method for assodiating with any one of a plurality of aocess poinis n &
mash network including estimating a plurality of metrics for the access poinis, the
astimated metrics baeing related to throughputs provided by the access points, and
selacting oneg of the access points 1 associate with based on the metrics and &
pluratity of backhaul metrics for the access points, the backhaul metrics being related i
backhaul throughputs for the access points. The backhaul melrics may be advertised
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, refiable or
{it for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be
based on machine-translation outpud.

DESCRIPTION CNI101796869

An apparatus and method for associating with any one of a plurality of access poiuats in a mesh network,
comprising: estimating a phurality of metrics of the access point, the estimated metrics by the access point
Providing throughput related; and selecting one of the access points for association based on the metricand a
plurality of back-degrees of the access point. the degree of return and the access point The backhaul throughput
is related. The amount of back can be advertised by the access point.

Routing in a mesh network

Technical field

The present disclosure relates generally to wireless communications and, more particularly, to various techniques
for routing in a mesh network.

Background technique

In wireless communication systems, an access network is typically used to connect any number of access
terrninals o 2 wide area network {(WAN) such as the Internet or the Public Switched Telephone Network
{PSTN). These access networks are typically implemented with multiple wireless access points scattered
throughout the geographic area. Each of these access points provides a wired backhaul connection to the WAN.
A common example is a cellular network that provides voice, daia, and signaling between a mobile access
terminal and broadband Internet access. These cellular networks typically cover multiple celtular arcas with fixed
location access points in each cell for serving mobile access terminals.
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Grid networks differ from this traditional approach in that any number of access points can be combined to
provide backhaul services to mobile access terminals. The principle is similar to the way data is routed through
the Internet. Basically, data in a mesh network is routed from one access point to another until it reaches its
destination, The throughput of the mesh network will depend on the route established by the access point to

forward the data.

When an access terminal uses an access network to connect to the Internet or some other WWAN, the access
terminal typically atternpts to associate with an access point that will provide the highest throughput toit. Ina
ceflular network, the process of selecting an access point to associate is typically based on a geometric coundition
{ie, the closest access point). In this way, the primary uncertainty in throughput is based on the number and
geometry of other access terminals served by the same access point. The ad hoc deployment of the mesh network
may further contribute to the uncertainty of the throughput of the access terminals associated with the geometry
hased access points.

Accordingly, there is a need in the art to improve the processing used by access terminals for association with
access poinis in a mesh network.

Sumtnary of the invention

In an aspect of the disclosure, a method for associating with any one of a plurality of access points in a mesh
network includes estimating a plurality of metrics of the access point, the estimated metrics and Determining, by
the access point, the throughput provided by the access point; and selecting one of the access poiuats to associate
according to the metric and the multiple degree of the access point, the amount of the back The backhaul
throughput of the access point is related.

In another aspect of the present disclosure, a method for announcing a degree of back-off in a mesh network
includes estimating an amount of back-degree associated with throughput of a backhaud through the mesh
network; and, advertising the The amount of the back level in the mesh network.

In another aspect of the disclosure, an apparatus for wireless communication in a mesh network having a
plurality of access points includes a processing system for estimating a plurality of metrics of the access point The
estimated metric is related to throughput provided by the access point, the processing system further configured
to select, in the access point, based on the metric and a plurality of back-degrees of the access point An access
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point is associated with the amount of backhaul associated with the backhaul throughput of the access point.

In another aspect of the disclosure, an apparatus for supporting a backhaul through a mesh network includes: a
processing system for estimating a degree of return associated with throughput through the backhaul; and,
announcing the network The amount of the degree of return in the grid.

In another aspect of the disclosure, an apparatus for wireless communication in a mesh network having a
plurality of access points includes means for estimating a plurality of metrics of the access point, the estimated
metrics Associated with throughput provided by the access point; and means for selecting one of the access
points for association based on the metric and a plurality of back-degrees of the access point The amount of back
is related to the backhaul throughput of the access point.

In another aspect of the disclosure, an apparatus for supporting a backhaul through a mesh network includes:
means for estimating a degree of backolf associated with throughput of a backhaul through the mesh network;
and, for A module that advertises the amount of the back-end in the mesh network.

In another aspect of the disclosure, a computer program product for wireless comumunication includes a machine
readable medium having instructions executable by a processing system for: estimating a plurality of metrics of
the access point, estimated Metrics associated with the throughput provided by the access point; and sefecting
one of the access points for association based on the metric and a plurality of back-degrees of the access point,
The amount of return is related to the backhaul throughput of the access point.

In another aspect of the disclosure, a compuiter program product for wireless communication includes a machine
readable medium having instructions executable by a processing system for: estimating throughput with a
backhaul through the mesh network An associated amount of back; and, the amount of the back in the mesh
network is advertised.

In another aspect of the disclosure, an access terminal for wireless communication in a mesh network having
multiple access points includes a processing system for estimating a plurality of access points Metrics, the
estimated metric being related to throughput provided by the access point, the processing system further
configured to select the access point based on the mefric and a plurality of back-degrees of the access point
Associated with one of the access points, the amount of back is related to the backhaul throughput of the access
point, and wherein the processing system is further configured fo access with the selected one of the access points
A point is associated; and a user interface for enabling a user to control communication between the processing
system and the selected one of the access points.
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In another aspect of the disclosure, an access point includes: a network adapter for supporting a backhaul
through a mesh network; and a processing sysiem for estimating a throughput related to passing through the
hackhaul The amount of return, and the amount of the back in the mesh network is advertised.

Other aspects of the invention will be apparent to those skilled in the <RTlgt; It will be appreciated that the
invention is capable of other and various embodiments and embodiments Accordingly, the drawings and
detailed description are to be regarded as

DRAWINGS

In the figures, various aspects of a wireless communication system are iflustrated by way of example and not
limitation, in which:

FIG. 1 is a concepiual diagram illustrating an example of a mesh network;

2 is a conceptual diagram illustrating one example of an access terminal aiterupting to associate with a mesh
network;

3 is a conceptual diagram illustrating another example of an access terminal attempting to associate with a mesh
network;

4 is a block diagram tllustrating an example of a function of an access terminal;

FIG. 5 is a block diagram illustrating an example of the function of an access point.

detailed description

The detailed description set forth below with reference to the drawings is intended to be a description of the
various embodiments of the invention, and is not intended to represent the only configuration in which the
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invention may be practiced. The detailed description includes specific details for a thorough understanding of the
invention. However, it is apparent o those skilled in the art that the present invention may be practiced without
these specific details. In some instances, well known structures and components are shown in block diagram
form in order to avoid obscuring the inventive concept.

FIG. 1 is a conceptual diagram illustrating an examiple of a mesh network 100. The mesh network 104 is shown
with a cluster of mesh access points (MAPs) 102 that are used together to provide backhaul services to one or
more access terminals (not shown). The mesh network 100 includes a wireless node 102A that provides a wired
backhaul connection to a network 184 {e.g., the Internet, a cellular network, etc.). This wireless node 102A is
sometimes referred to as the root access point (RAP) of the cluster due to the wired backhaul conmection of the
wireless node 102A. However, this wireless node 102A may also provide backhaul services to access terminals
along with other access points in different clusters having different RAPs.

The clusters in Figure 1 are created by establishing a radio link between MAPs 102A-102G. In the example shown
in FIG. 1, RAP 102A has a radio link with MAPs 1028 and 102C, MAP 102B also has a radio link with MAPs
102D and 102F, and MAP 162C also has a radio chain with MAP 102F and MAP 102G road. Although not
shown, one or more of the MAPs 102B-102G may have additional radio links to other MAPs in the same cluster
and/or wireless nodes in other clusters. Moreover, one or more MAPs 102B-102G may also act as RAPs for other

wircless nodes in one or more other clusters,

The air interface specifications used or employed to support the mesh network 100 may be based on any wireless
technology that enables the mobile access terminal to share available radio resources. Examples of such wireless
technologies include Code Division Multiple Access (CDMA}, Wideband CBMA (W-CDMA), Orthogonal
Frequency Division Multiple Access (OFDMAY}, Time Division Multiple Access {TDMA}, Frequency Division
Multiple Access (FDMA)}, or a combination. The air interface specification for supporting the radio link may be
CDMAZ{00, Evolution Data Optimized (EV-DO), Ultra Mobile Broadband (UMB), IEEE 802.11, or any other
suitable air interface specification now known or later developed. .

2 is a conceptual diagram illustrating one example of an access terminal 106 attempting to associate with a mesh
network 100, Access terminal 106 may be any mobile user device capable of supporting radio communication
with wireless node 102, including, for example, mobile or cellular telephones, personal digital assistants (PDAs),
laptop computers, digital audio devices (eg, MP3 players) )}, game controllers, digital careras or other voice,
data, audio, video, messaging or multimedia devices. In some applications, the access terminal 106 can also serve
as an access point for other wireless nodes in the same or different chusters of the mesh network 100.

When the access terminal 106 attempts to associate with the mesh network 100, the access terminal 106
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determines how it should forward data to the RAP 102A. In this exarple, it is possible for the access terminal 106
to establish a route through one of the two MAPs 1028 or 102C. Access terminal 106 can use a variety of possible
correlation techniques to select a MAP that can provide the highest throughput. These techniques are also
applicable to other wireless nodes attempting to join the mesh network 180, such as MAPs that were previously
offfine but are now ready to be part of a mesh network.

One association technique is based on certain metrics for each of the two MAPs 1028 and 102C. Specifically, for
each MAP 102B and 102C, the access terminal 106 estimates a metric related to the throughput that the MAP can
provide. The access terminal 106 also obtains the amount of back of that MAP associated with the throughput
that each MAP 102B and 102C's backhaul can provide. The amount of back can be advertised by MAPs 102B
and 102C, or access ferminal 106 can obtain thern in another way. Access terminal 106 then selects one of the two
MAPs 1028 and 102C based on the metric and the amount of back.

An example of 2 metric is now introduced that includes the geometry of the MAP 102 in a mesh network.
Referring to Figure 2, access terminal 106 determines the geometry of MAPs 102B and 102C. The georoetry of
the MAP can be determined, for example, by the signal strength of its beacon. The beacon can be sent from each
MAP in a manner that avoids collisions. This is achieved by separating the beacons in time, using GPS
synchronization, and having the MAPs trausmit their beacouns using the appropriate offsets in the beacon frames.
Alternatively, the beacon can be transmitfed on a different frequency. In either case, once the geometry of MAPs
102B and 102C is known, access terminal 106 can deterrine the throughput it can achieve through each of
MAPs 1028 and 102C.

Access ferminal 106 then obtains the backhaul geometry for each of MAPs 1028 and 102C. The backhaul
geometry can be determined by measuring the signal strength of the beacon transmitted by the RAP 102A at both
MAPs 1028 and 102C. The backhaul geometry of each MAP 102B and 102C can then be advertised in their
respective beacons, or cach MAP 102B and 162C can transmit the backhaul geometry in response to a probe
message frorm the access terminal 106. Once the backhaul geometry of MAPs 1028 and 102C is obtained, access
terminal 106 can determine the throughput that can be achieved by the backhaud of each of MAPs 102B and
102C.

The process of selecting the MAP to be associated is a two-step process. First, the access terminal 106 estimates
the overall throughput it wilt achieve through each of the MAPs 1028 and 102C by obtaining the minimum
value: {1} throughput to the MAP {determined based on the estimated geometry); 2) The throughput that the
MAP receives from its own connection to the RAP 102A (as determined by the backhaul geometry). Second,
access ferminal 106 selects the MAP that provides the greatest overall throughput.
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The example just provided is well suited for grid network 100 that is unloaded or lightly loaded. In the loaded
mesh network 100, the access terminal 106 or other wireless node may attempt to associate with the MAP for
which the highest throughput is provided while the MAP follows its scheduling policy. In the example below, it is
assumed that all MAPs emiploy the same scheduling policy. such as an Equal Service Level (EGOS) policy, but
those skilled in the art can readily extend the principles provided in this example to any suitable scheduling
policy. In this example, each MAP advertises its rate based on its scheduling policy and its backhaul geometry.
Based on this advertisement and its own estimated geometry, the access terminal 186 can calculate the overall
throughput it will receive when associated with any particular MAP. After the access terminal 106 is associated
with the MAP, the MAF thus adjusts the rate it provides {o all of the wireless nodes with which it is associated.

Access terminal 106 can use various other metrics to associate with MAF 102 in mesh network 100 {0 maximize
throughput. For example, the access terminal 106 can use the channel gains in the mesh network 160 to select an
appropriate MAP for association. Referring to Figure 2, access terminal 106 determines the chaunel gain that
each MAP 1028 and 102C can provide. The access terminal 106 also receives the channel gain (i.e., the channel
gain between the MAP 102 and the RAP 102A) that the backhaul of each of the MAPs 1028 and 102C can
provide in the beacon or in response (o the probe message. These mefrics can then be used to calculate the
overal] throughput provided by each MAP 1028 and 102C, and select the appropriate MAP 102 to associate with
in a manner similar to that previously described in connection with the georetry based selection.

As an alternative to channel gain, the access terminal 106 can use the rate to select the appropriate MAP 102 to
associate with. In this exarple, the access terminal 106 determines the rate that each MAP in its vicinity can
provide and the backhaul rate that each MAP can support. These metrics are then used to calculate the overall
throughput provided by each MAP to support the selection of the MAP 102 to be associated.

So far, the examples provided relate to a single-choice routing scherne between RAP and MAP. However,
depending on the configuration of the mesh network, the load on the mesh network, and the channel conditions,
the access terminal may select a path with multiple hops between the RAP and the MAP associated with the
access terminal,

FIG. 3 is a conceptual diagram illustrating another example of an access terminal 106 atiempting to associate with
a mesh network 100. In this example, there are two MAPs 102E and 102F to which the access terminal 106 is
likely to be associated, each of these MAPs 102E and 102F having a backhaul to the RAP 102A. The first MAP
102E has a backhauf through the MAP 1028 to the RAP 102A, and the second MAP 102F has a backhaul
through the MAP 102C to the RAP 102A.

When the access terminal 106 attempts to associate with the mesh network 100, it determines the metrics (e.g.,
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geometry, channel gain, rate, etc.) for each of the MAPs 102E and 102F. Next, the access terminal 106 receives an
announcement from each of the MAPs 102E and 102F, or otherwise obtains a degree of return for each. The
degree of return includes a vector that contains a measure of each hop through the backhaul of the mesh network
100. For example, the access terminal 136 can obtain a vector from the MAP 102E that inclades a first metric fora
hop between the MAP 10ZE and the intermediate MAP 102B and a hop for the jump between the intermediate
MAP 10628 and the RAP 102A Two metrics. The access termival 106 then determines the throughput to each of
the three hops of the RAP 102 and allocates the minimum throughput as the overall throughput supported by the
MAP 102E over the mesh network. In a similar manner, the access terminal 106 determines the overall
throughput supported by the MAP 102F and then selects the MAP with the largest overall throughput for
association.

FIG. 4 is a block diagram illustrating an example of the functionality of the access terminal 106. Access terminal
106 is shown having processing system 402 and transceiver 404, The transceiver 404 can be used to implement an
analog portion of the physical layer, and the processing system 402 can be used to implement a digital processing
portion of the physical layer as well as a link layer. Processing system 462 can also be used to perform various
other functions, including processing associated with access points in a mesh network. In particular, processing
system 402 can provide a module 406 for estimating a plurality of metrics for an access point. These metrics can
be related to the throughput provided by the access point. The processing system 402 can also provide a module
408 for selecting one of the access points for association based on the mefric and a plurality of back-degrees of the
access point. The amount of back can be related to the backhaul throughput of the access point.

FIG. 5 is a block diagram illustrating an example of the functionality of the access point 102. Access point 102 is
shown with processing system 502 and transceiver 504. Much like the access terminal discussed above in
connection with FIG. 4, transceiver 584 can be used to implement the analog portion of the physical fayer, and
processing system 502 can be used to implement the digital processing portion of the physical layer as well as the
link layer. Processing systemn 502 can also be used to perform various other functions including processing that
enables an access terminal or other wireless node (o associate with it to join a mesh network. In particular,
processing system 502 can provide a module 506 for estimating the amount of back-degree associated with the
throughput of the backhaul through the mesh network. Processing system 502 can also include a module 508 for
announcing the amount of back-to-back in the mesh network.

Processing systeins 402 and 502 described in connection with Figures 4 and 5 can be implemented using
software, hardware, or a combination of both. For example, one or more integrated circuits {(1Cs) can be used to
implement the processing system. An I may include a general purpose processor, digital signal processor
(DSP), application specific integrated circuit {ASIC), field programmable gate array (FPGA) or other
programymable logic device, discrete door or other designed to perform the functions described herein.
Transistor logic, discrete hardware components, electronic compounents, optical components, mechanical
components, or any combination thereof, and can execute code or fustructions that reside within the IC, external
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to the IC, or both. A general purpose processor may be a microprocessor, buf in the alternative, the general
purpose processor may be any conventional processor, controller, microcontroller, or state machine. The
processing system can also be implemented as a combination of computing devices, such as a combination of a
PSP and a microprocessor, a combination of multiple microprocessors, a combination of one or more
microprocessors in conjunction with a DSP core, or any other such configuration. .

The code or instructions may be embodied in one or more machine readable mediums to support a software
application. Software should be interpreted broadly to mean justructions, progrars, code or any other electronic
media content, whether the electronic media content is referred o as software, firmware, middieware,
microcode, hardware description language, or otherwise. The machine-readable medium can include a memory
integrated with the processor, such as may be the case with an ASIC. The machine-readable medium can also
include memory external to the processor, such as random access memory (RAM), flash memory, read only
memory (ROM}, programmable read only memory (PROM), erasable PROM (EPROM]), Register, hard disk,
removable disk, CD-ROM, BVD or any other suitable storage device. Additionally, a machine-readable
medium can include a transmission line or a carrier wave that encodes a data signal. Those skilled in the art will
recoguize how best to mplement the described functionality of the processing system. Moreover, in some
aspects any suitable computer program product may comprise a compuier readable medium or a machine
readable medium comprising code related to one or more aspects of the present disclosure. In some aspects, a
computer program product can include packaging materials.

The previous description is provided to enable any person skilled in the art {o practice the various aspects
described herein. Various modifications to these aspects will be apparent to those skilled in the art, and the
general principles defined herein may be applied to other aspects. Therefore, the claims are not intended to be
limited to the scope of the present invention, and the scope of the singular clements is not intended to mean "one
and only one” (unless so specified), Instead, it means "one or more.” Unless specifically stated otherwise, the term
"some"” means one or more. All of the structures and functions of elements that are known to those skilled in the
art and which are equivalent o the various aspects described in the present disclosure are expressly incorporated
herein by reference. Moreover, nothing disclosed herein is intended to be dedicated to the public, regardiess of
whether such disclosure is explicitly recited in the claims. The elements of any claim should not be interprefed in
accordance with the provisions of the sixth paragraph of 35 USC & 112, unless the phrase "a module for” is used
to explicitly state the element or, in the case of a method claim, The phrase "steps for” is used to state the
elements.
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CLAIMS CN101796869

I

A method for associating with any of a plurality of access points in a mesh network, comprising: estimating a
plurality of metrics for the access point, the estimated metrics and provided by the access point Transmitting
correlation; and selecting one of the access points for association based on the metric and a plurality of back-
degrees of the access point, the back-degree amount and a backhaud of the access point Throughput related.

2.

The method of claim 1 wherein said one of said access poiuts is selected based on said metric and said amount of
backhaul to provide a highest throughput through said mesh network.

3.
The method of claim 1, further comprising: saving a list of access points, and wherein the one of the access points
is selected from the list based on the metric and the degree of refurn.

4.

The method of claim 3, further comprising receiving the list in an over-the-air transmission.

5.

The method of claim 1 wherein the metric comprises a geometry of the access point and the back level comprises
a backhaul geometry of the access point.
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6.
The method of claim 5, further comprising: receiving a traffic rate from the access point, and wherein selecting
the one of the access points based on the metric, the amount of homing, and the traffic rate Describe an access

point.

7.
The method of claim 1 wherein the metric comprises a channel gain provided hy the access point and the back
level amount comprises a backhaud channel gain of the access point.

8.
The method of claim 1 wherein the metric cormprises a rate provided by the access point and the back level
comprises a backhaul rate of the access point.

9.

The method of claim 1 further comprising receiving the amount of back-degree from the access point.

10.

The method of claim 9 wherein said back level is received in a beacon signal from said access point.

1.
The method of claim 9, further comprising transmitting a probe message to the access point, and wherein the
back level is received fror the access point in response to the probe message.

12.

A method for announcing a degree of back-off in a mesh network, comprising: estimating a degree of return
associated with throughput of a backhaul through the mesh network; and announcing the back in the mesh
network The amount of degree.

13.
The method of claim 12, further comprising transmitting a beacon signal, and wherein the back level is advertised
in the heacou signal.
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4.
The method of claim 12, further comprising receiving a probe message from the wireless node, and wherein the
wireless node is advertised to the wireless node in response to the probe message.

15,
The method of claim 12 wherein said back level includes a geometric condition provided by said backhaul.

16.

The method of claim 12, further comprising following the scheduling policy to support the plurality of wireless
nodes and advertising a traffic rate that can be provided to the other wireless node if the scheduling policy is
followed.

i7.
The method of claim 16 further comprising: supporting said additional wireless node and updating said
advertised traffic rate based on support for said additional wireless node.

i8.

The method of claim 12 wherein said back level amount comprises a channel gain provided by said backhaul.

19.

The method of claim 12 wherein said back level amount comprises a rate provided by said backhaul.

20.

An apparatus for wireless communication in a mesh network having a plurality of access points, comprising: a
processing system for estimating a plurality of metrics of the access point, the estimated metrics by the access The
throughput provided by the point is related, the processing system is further configured to select one of the access
points for association according to the metric and a plurality of back degrees of the access point, the degree of the
back The amount is related to the backhaul throughput of the access point.

21.

The apparatus of claim 20, wherein the processing system is further configured to select the one of the access
points to provide through the network based on the metric and the amount of back-degree The highest
throughput of the grid.
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22.
The apparatus according to claim 20, wherein said processing system is further configured to save a list of access
points, said processing system further configured to select said one of said access points based on said metric and

a degree of return Describe an access point.

23.
The apparatus of claim 22 wherein sald processing systern is further for receiving said list in over-the-air

transmission.

24.

The apparatus of clairn 22 wherein said list is provided to said processing system.

25.
The apparatus of claim 20 wherein the metric comprises a geometry of the access point and the amount of
backhaul comprises a backhaul geometry of the access point.

26.
The apparatus of claim 25, wherein the processing system is further for receiving a traffic rate from the access
point, and wherein the processing system is further for utilizing the metric, the amount of The traffic rate is

selected to select the one of the access points.

27.
The apparatus of claim 20 wherein the metric comprises a channel gain provided by the access point and the
back level amount comprises a backhaul channel gain of the access point.

Z8.
The apparatus of claim 20, wherein the metric comprises a rate provided by the access point and the back level
amount comprises a backhaul rate of the access point.

29.
The apparatus of claim 20 wherein said processing system is further for receiving said back level amount from

said access point.
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30.
The apparatus of claim 29 wherein said processing system is further for receiving said back level amountin a
beacon signal from said access point.

31.

The apparatus of claimn 29, wherein the processing system is further confipured to send a probe message to the
access point, and wherein the processing system is further configured to receive from the access in response to the
probe message The point receives the amount of the back.

32.

An apparatus for supporting a backhaul through a mesh network, comprising: a processing system for estimating
a degree of backoff associated with throughput through the backhaul, and announcing the amount of back in the
mesh network .

33.
The apparatus of claimn 32 whereln said processing system is further for supporting travsmission of a beacon
signal, and wherein said back levelis advertised in said beacon signal.

34.
The apparatus of claim 32, wherein the processing system is further for receiving a probe message from a wireless
node, and wherein the amount of the degree of return is advertised to the wireless node in response to the probe

message.

35.
The apparatus of claim 32 wherein sald amount of back includes a georetric condition provided by said

backhaul.

36.

The apparatus of claim 32, wherein the processing system is further for supporting a plurality of wireless nodes in
accordance with a scheduling policy and advertising a traffic rate that can be provided o the other wireless node
if the scheduling policy is followed.

37.
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The apparatus of claim 36, wherein the processing systern is further for supporting the additional wireless node
and updating the advertised traffic rate based on support for the additional wireless node.

38.

The apparatus of claim 32 wherein said back level amount comprises a channel gain provided by said backhaul.

39.

The apparatus of claim 32 wherein said back level amount comprises a rate provided by said backhaul.

40.

An apparatus for wirelessly communicating in a mesh network having a plurality of access points, cornprising:
means for estimating a plurality of metrics of the access point, the estimated metrics and by the access pointa
throughput correlation provided; and means for selecting one of the access points for association based on the
metric and a plurality of back-degrees of the access point, the amount of The backhaul throughput of the access
point is related.

41.

The apparatus of claim 40, wherein the means for selecting one of the access points is further for selecting the
access point based on the metric and the amount of back-degree The one access point to provide the highest
throughput through the mesh network.

42.

The apparatus of claim 40, further comprising: means for saving a list of access points, and wherein said means
for selecting one of said access points is further for The metrics and the degree of return are used to select the one
of the access points from the list.

43.

The apparatus of claim 42 further comprising means for receiving said list in over-the-air transmission.

44.

The apparatus of claim 42 further comprising: means for providing said list.

45.
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The apparatus of claim 40, wherein the metric comprises a geometry of the access point and the amount of
backhaul comprises a backhaul geometry of the access point.

46.

The apparatus of claim 45, further comprising: means for receiving a traffic rate from the access point, and
wherein the means for selecting one of the access points is further for The one of the access points is selected
based on the metric, the amount of back, and the traffic rate.

471.
The apparatus of claim 40, wherein the mefric comprises a channel gain provided by the access point, and the
back level amount comprises a backhaul channel gain of the access point.

48.
The apparatus of claim 40, wherein the metric comprises a rate provided by the access point and the back level
amount comprises a backhaul rate of the access point.

49.
The apparatus of claim 40, further comprising means for receiving the amount of the degree of return from the

access point.

a0,

The apparatus of claim 48 wherein said means for receiving said back level is further for receiving said back level
amount in a beacon signal from said access point.

5l

The apparatus of claim 49, further comprising: means for transmitting a probe message to the access point, and
wherein the means for receiving the degree of return is further responsive to the probe message To receive the
amount of return.

az.

An apparatus for supporting a backhaul through a mesh network, comprising: means for estimating a degree of
return associated with throughput of a backhaul through the mesh network; and for advertising in the mesh
network The module of the degree of return.
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33.
The apparatus of claim 52, further comprising: means for transinitting a beacon signal, and wherein said means
for advertising said back level is further for advertising said back in said beacon signal The amount of degree.

34.
The apparatus of claim 52, further comprising: means for receiving a probe message from the wireless node, and
wherein the means for advertising the amouunt of back is further for responding to the probe message The wireless

node announces the amount of back.

55.
The apparatus of claimn 52 wherein said amount of back includes a geometric condition provided by said
backhaul.

36.

The apparatus of claim 52, further comprising: meaus for supporting the plurality of wireless nodes in accordance
with the scheduling policy and meaus for advertising the rate of service that can be provided fo the other wireless
node if the scheduling policy is followed .

57.
The apparatus of claim 56, further comprising means for supporting the additional wireless node and means for
updating the advertised traffic rate based on support for the additional wireless node.

38.

The apparatus of clairn 52 wherein said back level arnount comprises a chanuel gain provided by said backhaul.

38,

The apparatus of claim 52 wherein said back level amount comprises a rate provided by said backhaul.

60.

A computer program product for wireless communication, comprising: a machine readable medium comprising
instructions executable by a processing systern for: estimating a plurality of meirics of the access point, the
estimated metrics and The throughput provided by the access point is associated; and selecting one of the access
points for association based on the metric and a plurality of back-degrees of the access point, the amount of The
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backhaul throughput of the access point is related.

61.

A computer program product for wireless communication, comprising: a machine readable medium comprising
instructions executable by a processing systern for: estimating a degree of return associated with throughput of a
backhaul through the mesh network; And announcing the amount of the degree of back in the mesh network.

62.

An access terminal for wireless cornmunication in a mesh network having a plurality of access points,

comprising: a processing system for estimating a plurality of metrics of the access point, the estirnated metrics and
The throughput provided by the access point is related, the processing system is further configured to select one
of the access points to associate according to the metric and a plurality of back degrees of the access point, where
The amount of back is refated to the backhaul throughput of the access point, and wherein the processing system
is further for associating with the selected one of the access points; and a user interface for making A user can
countrol communication between the processing sysiem and a selected one of the access poiuts.

63.

An access point for wireless communication, comprising: a network adapter for supporting a backhaul througha
mesh network; and a processing system for estimating a degree of return associated with throughput through the
backhaul, and announcing the The amount of the degree of back in the mesh network.
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Abstract of CNAGZ3I87853 (A}

The invention disclosas an inital configuration method and an initial configuration
davice for a wireless backhaul ink. The method comprisas the following steps of:
starting an access node, and reporting information 10 & base slation by using an
original authorized frequency spechrum,; and reconfiguring a8 wireless backhaul Hink
between the base station and the access point according to a TVWES (Television White
Bpectrum) resource distributed by a systermn by using the base station, and swiiching
the wireless backhau! iink onto the distributed TVWS resource. According to the
method and the device, the resource distribution problem of the wireless backhaul link
ig soived, and the volume or service gualily of a wireless access link is not influenced
simultaneously.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, refiable or
{it for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be
based on machine-translation outpud.

DESCRIPTION CN102387553

The present invention discloses an initial configuration method and apparatus for a wircless backhaut link. The
method includes: after the access node is turned on, the original authorized spectruin is used to report
information to the base station; and the base station allocates a TV band white space (TVWS) resource according
to the system. A reconfiguration of the wireless backhaul link between the base station and the access node is
implemented, and the wireless backhaul link is switched to the aliocated TVWS spectrum resource. The
invention solves the problem of resource allocation of the wireless backhaul link, and does not affect the capacity
or service quality of the wireless access link.

Initial configuration method and device for wireless backhaul link

Technical field

The present invention relates to the field of wireless communication and cognitive radio technologies, and more
particutarly to an initial configuration method and apparatus for a wireless backhaul link.

Background technique

For the LTE (Long Term Evolution) technology or the LTE-A (Long Term Evolution-advanced) technology,
the current AP {Access Point) has the following types: enhanced macros. An enhanced Node Base Station, a
Relay, a Femto NB, a Pico NB, and a Home NB. Some of these access nodes can be directly connected, and the
link between the directly connecied access nodes is called a backhaul link.
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The backhau! ink may be wireless in LTE/LTE-A, such as the following scenarios: remote areas, coverage of
temporary hotspot areas, disaster relief periods, access nodes in nomadic states, and so on. In these scenarios,
because the cost of deploying a wired connection is too high, or it is impossible to estimate its location and
advance wired coverage, or wired communication is interrupted, it cannot be effectively covered by a wired
connection. The wireless link can provide services quickly, so it is necessary to allocate frequency resources for
this part of the backhaul link for wircless connection.

In the above scenario, for the resource allocation of the wireless backhaul link, it is basically considered that a part
of the authorization is allocated to the spectrum resource of the LTE/LTE-A system for the wireless backhaul link
connection according {0 the provisions of the spectrum manageroent organization. Since the spectrum that each
operator finally obtains for the operation of the LTE/LTE-A system is very limited, this way of dividing some
resources into the wireless backhaul link is bound to cause loss of the capacity and quality of the access link. .
Despite the strict physical layer and high-level protocol definitions, this loss can be minimized, but this loss must
exist.

Therefore, how to solve the resource allocation problem of the wireless backhaul link without affecting the
capacity or quality of the access link is a problem that needs to be solved in the prior art.

Sumtnary of the invention

The technical problem to be solved by the present invention is to provide an initial configuration method and
device for a wireless backhaul link, which solves the problem of resource allocation of the wireless backhaul link
without affecting the capacity or service quality of the access link.

To solve the above technical problem, the present invention provides an jnitial configuration method of a
wireless backhaul link, where the wethod inclades:

After the access node is turned on, the original authorized spectrum is used to report information to the base
station;

The base station performs recontiguration of the wireless backhaul link between the base station and the access
node according to the TV band white space (TVWS) resource allocated by the system, and switches the wireess
backhaul link to the allocated TVWS spectrum resource.
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The base station initiates a TVWS spectrum resource allocation request to the system for the wireless backhaul
link;

After receiving the spectrum resource allocation request, the systems determines that available TVWS spectrum
resources are allocated to the base station according to the maintained available TVWS information.

The system maintains the available TVWS information according to the acquired TVWS information and the
usage of the system by the TVWS spectrum resource;

The TVWS information refers to information of a television band spectrum resource that is not occupied by a
TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum
resource that is not used by the systern.

After receiving the spectrum resource allocation request, the system allocates available TVWS spectrum
resources directly to the base station according to the available TVWS information, if there is currently available
TVWS spectrum resources; if not currently available The TVWS spectrum resource is allocated to the base
station by using TVWS specirurm resources used by other base stations by negotiating with other base stations in
the system.

After receiving the spectrum resource allocation request, if the system does not currently have available TVWS
spectrum resources and fails to negotiate with other base stations in the system, the system sends a failure
response (o the base station, and refuses to allocate spectrum to the base station. Resource

After receiving the failure response, the base station determines that the wireless backhaul link with the access
node continues to use the original licensed spectrum resource.

The systemn updates the available TVWS information for maintenance after allocating available TVWS spectrum
resources {0 the base station.

When the base station initiates the spectrum resource allocation request to the system, the base station applies for
the spectrum resource only according to the actual requirement of the wireless backhaul link between the
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subordivate access nodes, or applies for a certain resource reservation amount. Establish a wireless backhaul link
with the newly opened access node.

The present invention also provides an initial configuration apparatus for a wireless backhaul link, the apparatus
comprising a first configuration module in an access node, and a second configuration modude in the base
station,

The first configuration module is configured to report information to the base station by using the original
licensed spectrum after the access node is enabled;

The second configuration module is configured to implement reconfiguration of a wireless backhaui link
between the base station and the access node according to the allocated TVWS spectrum resource of the syster,
and switch the wireless backhaul link to the alfocated TVWS spectrum resource. .

The device further includes a spectrum resource allocation request module in the base station, and a spectruim
resource allocation module in the system,

The spectrum resource allocation requesting module is configured to initiate a spectrum resource alfocation
request to the spectrum resource allocation module for a wireless backhaul link between the base station and each
of the subordinate access nodes;

And the spectrum resource allocation module is configured to determine, after receiving the spectrum resource
allocation request, the available TVWS spectrum resource io be allocated to the base station according to the
maintained available TVWS information.

The spectrum resource allocation module is further configured to maintain the available TVWS information
according to the acquired TVWS information and the usage of the TVWS spectrum resource by the system;

The TVWS information refers to information of a television band spectrum resource that is not occupied by a
TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum
resource that is not used by the systern.
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The spectrum resource allocation module is further configured to: after receiving the specirurn resource
allocation request, according to the maintained TVWS information, if there is currently available TVWS
spectrum resource, directly allocate the available TVWS to the base station. Spectrum resources; if there is
currently no TVWS spectrum resource available, the TVWS spectrum resources used by other base stations are

allocated to the base station by negotiating with other base stations in the system.

The spectrum resource allocation module is further configured to: after receiving the spectrum resource
allocation request, if there is no TVWS spectram resource currently available, and the other base stations in the
system fail to negotiate, send a faillure response to the base station, Refusing to allocate specirum resources to the
base station;

After receiving the failure response, the base station determines that the wireless backhaul link with the access
node continues {0 use the original licensed spectrum resource.

The spectrum resource allocation module is further configured to: after the available TVWS spectrum resources
are allocated to the base station, update the available TVWS information that is maintained.

The spectrum resource allocation requesting module is further configured to apply for the spectrum according to
the actual requirement of the wireless backhaul link between the subordinate access nodes when the spectrum
resource allocation request is initiated to the spectrum resource allocation module. Resources, or, apply for a
certain arnount of resource reservation to establish a wireless backhaul link with the newly opened access node.

The present invention obtains available TVWS spectrurn resources by accessing a database and collecting usage
information of the TV band spectram of cach base station in the system, and establishing a wireless backhaul link
by using the available TVWS spectrurn resources.

Compared with the prior art, the present invention has at least the following beneficial effects:

1.
Solve the problem of resource allocation of wireless backhaul link without affecting the capacity or quality of
service of the wireless access link;
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The wireless backhaul Buok can be dyvarically established without the need to pre-lay cables in advance {the
location where the cables are laid may not be known in advance), saving manpower and material costs;

3.
For the wireless backhaul link, its setup and removal can be controlled only by software, increasing the flexibility
of the backhaul link.

DRAWINGS

The drawings are intended to provide a further understanding of the invention, and are intended to be a part of
the invention.

In the drawing:

1 is a schematic diagram of an application scenario of an initial configuration device of a wireless backbauod link
according to an embodiment of the present invention;

2 is a schematic flowchart of initial configuration of a wireless backhaul link according to an embodiment of the
present nvention,

3 is a signaling flowchart of an initial configuration of a wireless backhaul link according to an embodiment of the
present invention;

FIG. 4 is a signaling flowchart of an initial configuration of a wireless backhaud link according to another
embodiment of the present invention.

detailed description

In order to overcome the deficiencies of the prior art, considering that the utilization rate of the existing television
spectrum is not high and the stability is good, the present invention proposes a resource allocation method for a
wireless backhaul link based on cognitive radio technology, and the core idea is According to the current wireless
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backhaul link requirements and the collected TVWS (TV White Spaces) information, the TVWS spectrum
resources are used to establish a temporary wireless backhaul link, thereby solving the problem of resource
allocation of the wireless backhaud link. The capacity or quality of service of the wireless access link is affected.

Based on the above idea, the present invention provides a resource allocation method for a wireless backhaul
link, and specifically adopts the following technical sohutions:

After the access node is turned on, the original authorized spectrum is used to report information to the base
station;

The base station implements reconfiguration of the wireless backhaul link between the base station and the access
node according to the TVWS spectrum resource allocated by the system, and switches the wireless backhaul ink
to the allocated TVWS spectrum resource.

Further, the base station initiates a spectrum resource allocation request to the systern for the wireless backhaul
link;

After receiving the spectrum resource allocation request, the systern determines that available TVWS specirum
resources are allocated to the base station according to the maintained available TVWS information.

Further, the systemn maintains the available TVWS information according to the acquired TVWS information
and the usage of the TVWS spectrom resource by the system;

The TVWS information refers to information of a television band spectrur resource that is not occupied by a
TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum
resource that is not used by the system.

Further, after receiving the spectrum resource allocation request, the system directly allocates available TVWS
spectrum resources to the base station according to the available TVWS information that is maintained, if there Is
currently available TVWS spectrum resource; The available TVWS spectrum resources are allocated to the base
station by using TVWS specirurm resources used by other base stations by negotiating with other base stations in
the system.
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Further, after receiving the spectrum resource allocation request, if the system does not currently have available
TYWS spectrum resources and fails to negotiate with other base stations in the systern, the system sends a failure
response to the base station, and refuses to allocate the base station. Spectrum resources;

After receiving the failure response, the base station determines that the wireless backhaul link with the access
node continues to use the original licensed spectrurn resource.

In order to facilitate the description of the present invention, the implementation of the techmical solution of the
present invention will be further described in detail below with reference (o the accompanying drawings and
specific embodiments.

FIC. 1 shows an initial configuration procedure of a wireless backhaud link according to an embodiment of the
present invention. Referring to FIG. 1, the initial configuration process of this embodiment mainly includes the
following steps:

Step 1: The system obtains TVWS information and maintains available TVWS information;

The TVWS information refers to the information of the TV band spectrum resource that is not occupied by the
TV band authorization service, and the available TVWS information refers to the information of the TVWS
spectrum resource that is not used by the system.

The TVWS information may include, but is not Himited to, an available chanuel {(including a working frequency
and bandwidth), a coverage, a possible duration, and a maximum transmit power allowed.

Step 2: The newly opened access node reports the information to the system by using the original licensed
specirum,

Step 3: The systems makes a TVWS spectrum resource aliocation decision;

The basis for the allocation decision mainly includes: the available TVWS information maintained by the system,
and the reporting information of the newly opened access node.
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The allocation decision can be made according to the needs of the actual application scenario, and a specific
example of the assignment decision will be given below.

Step 4: Obtain a wireless Backhaul link reconfiguration of the TVWS spectrusm resource, and swiich to the
obtained TVWS spectrum resource for communication;

Step 5: The system updates the available TVWS information.

The application scenario of the embodiment of the present invention is as shown in FIG. 2. The initial
configuration device of the wircless backhaut link in this embodiment mainly involves the following network
elements:

TV database {TVDB): It can be provided by a TV operator or a third party. The content of the TV database is
the use of the TV spectram (chanuel) of the TV operator locally or ju several local areas, thatis, 1.

The spectrum (channel) status being used, including but not lirnited to: channel number, bandwidth, possible
duration, D/U requirements {power ratio of wanted and interfering signals expected for the TV receiver},
spectrum mask, coverage Information such as range and isolation zone; 2.

Unused spectrum (channel) status, including but vot Himited to: channel number, working bandwidth, coverage
range, possible duration, maximum allowable transmit power, efc.; Information about channels that are not
allowed (may be admin domain restricted channels or carrier reserved channels, etc.}, including but not Hmited
to: channel number, working bandwidth, etc.

Ceutral Control Point (CCP): CCP and TVDB can be fixed connections; Converging spectrum usage
information from each BS and TVDB, obtaining and maintaining available TVWS information corresponding to
each BS; 2. It is responsible for allocating TVWS resources to each BS, including initial spectrum allocation, and
resource coordination allocation between wireless backhaul links under different BSs, and link switching
assignment when primary users appear.

Base Station (BS): The BS can be directly connected to the CCP. Iis functions include but are not limited to: 1.

28-10-2019 9 TP Link Ex. 1004
Page 327



The obtained TVWS resources are allocated (o the wireless backhaut links connected thereto; Change or adjust
the parameters of the wireless communication technology, for example, modulation type, transmission power;
Manage and maintain the working spectrum, for example, operating frequency and frequency bands;
Responsible for comimunication with the central control node; 5. Spectrum sensing function; 6. Perceive data
processing capabilities.

Access Node (AP): The AP may be a Relay, a Femnto NB, a Pico NB, and a Home NB. The AP aggregates user
information and communicates with the BS (constituting a backbaul link). The AP interacts with the user
through the AP. The coverage of the AP is significantly redaced compared to the BS. AP functions include but
are not limited to: 1. Change or adjust the parameters of the wireless communication technology, for example,
modualation type, transmission power; Adjust the working frequency and frequency band; 3. Spectruyn sensing;
4. Two-way communication with the user and the BS.

In addition, in another embodiment of the present invention, an apparatus for initial configuration of a wireless
backhaul fink is provided, where the apparatus includes a first configuration module in an access node, and a
second configuration module in the base station.

The first configuration module is configured to report information to the base station by using the original
licensed spectrum after the access node is enabled;

The second configuration module is configured to implement reconfiguration of a wireless backhaui link
between the base station and the access node according to the allocated TVWS spectrum resource of the syster,
and switch the wireless backhaul link to the alfocated TVWS spectrum resource. .

The device further includes a spectrum resource allocation request module in the base station, and a spectruim
resource allocation module in the system,

The spectrum resource allocation requesting module is configured to initiate a spectrum resource alfocation
request to the spectrum resource allocation module for a wireless backhaul link between the base station and each
of the subordinate access nodes;

And the spectrum resource allocation module is configured to determine, after receiving the spectrum resource
allocation request, the available TVWS spectrum resource io be allocated to the base station according to the
maintained available TVWS information.

28-10-2019 10 TP Link Ex. 1004
Page 328



The spectrum resource allocation module is further configured to maintain the available TVWS information
according to the acquired TVWS information and the usage of the TVWS spectram resource by the system;

The TVWS information refers to information of a television band spectrum resource that is not occupled by a
TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum
resource that is not used by the system.

The spectrum resource allocation module is further configured to: after receiving the specirurn resource
allocation request, according to the maintained TVWS information, if there is currently available TVWS
spectrum resource, directly allocate the available TVWS to the base station. Spectrum resources; if there is
currently no TVWS spectrum resource available, the TVWS spectrum resources used by other base stations are

allocated to the base station by negotiating with other base stations in the system.

The spectrum resource allocation module is further configured to: after receiving the spectrum resource
allocation request, if there is no TVWS spectram resource currently available, and the other base stations in the
system fail to negotiate, send a faillure response to the base station, Refusing to allocate specirum resources to the
base station;

After receiving the failure response, the base station determines that the wireless backhaul link with the access
node continues {0 use the original licensed spectrum resource.

The spectrum resource allocation module is further configured to: after the available TVWS spectrum resources
are allocated to the base station, update the available TVWS information that is maintained.

The spectrum resource allocation requesting module is further configured to apply for the spectrum according to
the actual requirement of the wireless backhaul link between the subordinate access nodes when the spectrum
resource allocation request is initiated to the spectrum resource allocation module. Resources, or, apply for a
certain arnount of resource reservation to establish a wireless backhaul link with the newly opened access node.

The signaling flow of the resource allocation method for the wireless backhaul link of the present invention will
be further described below in conjunction with two specific embodiments.
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Embodiment 1

As shown in FIG. 3, the resource allocation method of the wireless backhaul ink in this embodiment is
specifically described as follows:

Step 161: The CCP obtains the TVWS information in the TVDB (that is, the information of the TV band
spectrum resource that is not occupied by the TV band authorization service), including but not limited to the
available channels (including the working frequency and bandwidth), the coverage, and the possible duration.
And the maximum transmit power allowed; the CCP mainfains available TVWS information based on the
acquired TVWS information and the usage information of the system on the TVWS spectrum resources stored
in the CCP (hereinafter also referred to as TVWS usage information), ie, is not the system Information on the
TVWS spectrum resources used;

The manner in which the CCP obtains the TVWS information may include one of the following modes or any
combination thereof: the CCP periodically accesses the TVDB, or the CCP accesses the TVDB on demand, or
the TVDB actively notifies the CCP.

Step 102: After the AP is turned on, it works in the original hicensed spectrum,

Step 103: The AP reports information, including maximum transmit power, supported working frequency band,

location information, and access terminal capability.

Step 104: The BS requests the TVWS spectrum resource allocation to the CCP according to the wireless backhaul
link between the BS according to the information reported by the AP.

Step 105: The CCP makes a decision according to the resource application reported by the BS and the currently
available TVWS information, determines the radio spectrum resource allocated to the BS, and sends the
allocation result to the BS. I there is no TVWS spectrum resource available for the BS, the CCP first performs
TVWS spectrum resource negotiation allocation with other BSs, that is, finds other BSs o exit or switch, for
example, the wireless backhaul link of other low priority BSs can be taken out of the occupied network. TVWS
spectrum resources, or, for a wireless backhaul Enk vnder a BS with multiple available TVWS spectram
resources, can be switched o other available TVWS spectrum resources, and the TVWS spectium resources
being used are assigned to be issued The applied BS and the result of the distribution is sent to the relevant BS. If
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there is still no TVWS specirum resource available after negotiation, the failure response is returned to the base
station. At this time, the base station will not perform the following operation, and the wireless backhaul link
continues to use the original licensed spectrurn resource.

Step 106: The BS determines, according (o the information reported by the subordinate AP and the obtained
TVWS spectrum resource, the radio resource used by the backhaul ink.

Step 107: Perform reconfiguration of the wireless backhaul link whose working spectrum changes, and switch to
the new spectrum resource for communication;

The wireless backhaul link between the working spectrum and the base station includes a wireless backhaul link
between the new access node and the base station, and a wireless backhaul link between the other BSs and the
access nodes of the CCP that the CCP negotiates to quit or switch.

Step 108: The BS sends resource allocation update information to the CCP, and the CCP feeds back the
acknowledgement message.

Step 109: The CCP updates the TVWS usage information and the available TVWS information according to the
resource allocation situation.

Embodiment 2

As shown in FIG. 4, the resource allocation method of the wireless backhaul Hink in this embodiment is
specifically described as follows:

Step 201: The CCP obtains the TVWS information in the TVDBE, and combiunes the information stored in the
TYWS by the system in the CCP to maintain the corresponding available TVWS information;

The manner in which the CCP obtains the TVWS information may be a CCP periodic access to the TVDB, ora
CCP access to the TVDB on demand, or a TVDB proactively notify the CCP, or a combination thereof.
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Step 202: The AP is turned on and works in the original anthorized spectrum.

Step 203: The AP reports information, including but not limited to a maximum transmit power, a supported
working frequency band, location information, and an access terminal capability.

Step 204: The BS according to the information reported by the AP, if the BS has the reserved TVWS spectrum
resource allocated to if by the CCP, the TVWS spectrum resource is reserved for the AP and the wireless
backhaul link between the AP,

In the first embodiment, the BS requests the TVWS resource request to the CCP according to the actual needs of
the AP. In the embodiment, the BS applies for the TVWS spectrum resource for the first time, according to the
statistics of the previous cell traffic, the application resource has A certain amount of reservation, in order to
subsequently open the AP, the TVWS resource allocation is reserved directly. In this case, the BS needs to
maintain this part of the reserved resources (0 ensure that it is an available TVWS resource. If there is no reserved
TVWS resource in the BS, the TVWS spectrum resource application may be performed according to the
operation in the first embodiment.

Step 205: The wireless backhaud link whose working spectrum changes is reconfigured, and is switched to a new
resource for communication;

Step 206: The BS sends resource allocation update information to the CCP, and the CCP feeds back the
confirmation message.

Step 207: The CCP updates the TVWS usage information and the available TYWS information according to the
resource allocation situation.

The above is only a preferred embodiment of the present invention, and is not intended (o limif the present
invention. The present invention may be embodied in various other embodiments without departing from the
spirit and scope of the invention. Various changes and modifications may be made to the invention, and such
changes and modifications are intended {0 be included within the scope of the appended claims.

COne of ordinary skilt in the art will appreciate that all or a portion of the above steps may be accomplished by a
program instructing the associated hardware, such as a read-only memory, a magnetic disk, or an optical disk.
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Alternatively, all or part of the steps of the above embodirnents ray also be implemented using oue or more
integrated circuits. Correspondingly, each module/unit in the foregoing embodiment may be implemented in
the form of hardware or in the form of a software function module. The invention is not Hmited to any specific
form of combination of hardware and software.
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CLAIMS CN102387553

E .

An initial configuration method for a wireless backhaul link, the method comprising:

After the access node is turned on, the original authorized spectrum is used to report information to the base
station;

The base station performs reconfiguration of the wireless backhaul ink between the base station and the access
node according to the TV band white space {TVWS) resource allocated by the system, and switches the wireless
hackhaul link to the allocated TVWS spectruim resource.

2.

The method of claim 1 wherein

The base station initiates a TVWS spectrum resource allocation request to the system for the wireless backbaul
link;

After receiving the spectrum resource allocation request, the system determines that available TVWS spectrum
resources are allocated to the base station according {o the maintained available TVWS information.
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3
3.

The method of claim 2 wherein

The system maintains the available TVWS information according to the acquired TVWS information and the
usage of the system by the TVWS spectrum resource;

The TVWS information refers to information of a television band spectrur resource that is not occupied by a
TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum
resource that is not used by the system.

4.

The method of claim 3 wherein:

After receiving the spectrum resource allocation request, the system directly allocates available TVWS spectrum
resources {0 the base station according to the available TVWS information, if there is currently available TVWS
spectram resources; if no TVWS is currently available The spectrum resource is allocated to the base station by
using TVWS spectrum resources used by other base stations by negotiating with other base stations in the system.

The method of claim 4 wherein:

After receiving the spectrum resource allocation request, if the system does not cusrently have available TVWS
spectrum resources and fails to negotiate with other base stations in the system, the system sends a failure
response to the base station, and rejects allocation of spectrum resources to the base station;

After receiving the failure response, the base station determines that the wireless backhaul link with the access
node continues {o use the original licensed spectrum resource.

b.

The method of claim 4 wherein:
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After the systern allocates available TVWS specirum resources to the base station, the maintained TVWS
information is updated.

7.

A method according to any one of claims 1 {o 6, wherein

When the base station initiates the spectrum resource affocation request to the system, the base station applies for
the spectrum resource only according to the actual requirement of the wireless backhaul link between the
subordinate access nodes, or applies for a certain resource reservation armount to establish and A wireless
backhaul link between newly opened access nodes.

8.

An apparatus for initially configuring a wireless backhaul link, the apparatus comprising: a first configuration
module in an access node, and a second configuration module in a base station,

The first configuration module is configured (o report information to the base station by using the original
licensed spectrum after the access node is enabled;

The second configuration module is configured to implement reconfiguration of a wireless backhaul link
between the base station and the access node according to the alfocated TVWS spectrum resource of the system,

e

and switch the wireless backhaul link to the allocated TVWS spectrum resource. .

9.
The apparatus according to clairn 8, wherein said apparatus further comprises a spectrum resource allocation
requesting module in the base station, and a spectrum resource allocation module in the system,

The spectrum resource allocation requesting module is configured to initiate a spectrum resource alfocation
request to the spectrum resource allocation module for a wireless backhaul link between the base station and each
of the subordinate access nodes;

And the spectrum resource allocation module is configured to determine, after receiving the spectrum resource
allocation request, the available TVWS spectrum resource io be allocated to the base station according to the
maintained available TVWS information.
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10.

The device of claim 9 wherein:

The spectrum resource allocation module is further configured to maintain the available TVWS information
according to the acquired TVWS information and the usage of the TVWS spectrum resource by the systern;

The TVWS information refers to information of a television band spectrum resource that is not occupied by a
TV band authorization service, and the available TVWS information refers to information of a TVWS spectrum
resource that is not used by the system.

i1

The device of claimy 10 wherein;

The spectrum resource allocation module is further configured to: after receiving the spectrum resource
allocation request, according to the maintained TVWS information, if the TVWS spectrum resource is carrently
available, directly allocate the available TVWS spectrum resource to the base station. If there is currently no
TVWS specirum resource available, the TVWS spectrom resources used by other base stations are allocated to
the base station by negotiating with other base stations in the system.

i2.

The device of claimy 10 wherein;

The spectrum resource allocation module is further configured to: after receiving the spectrum resource
allocation request, if there is no TVWS spectram resource currently available, and the other base stations in the
systern fail to negotiate, send a failure response to the base station, and reject the The base station allocates

spﬁctrun‘s Te01Ces,

After receiving the failure response, the base station determines that the wireless backhaul link with the access

node continues o use the original licensed spectrum resource.

13.
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The device of claimy 11 wherein;

The spectrum resource allocation module is further configured to update the maintained TVWS information
after the base station allocates available TVWS spectrum resources,

14.

The device of claim 9 wherein:

The spectrum resource allocation requesting module is further configured (o apply for the spectrum resource
only according to the actual requirement of the wireless backhaul link between the subordinate access nodes
when the spectrum resource allocation module initiates the spectrum resource allocation request, Alternatively,
apply for a certain resource reservation to establish a wircless backhaul link with the newly opened access node.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, refiable or
{it for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be
based on machine-translation outpud.

DESCRIPTION CN102740306

The present invention relates to a method and system for evaluating a wireless service network. A method for
evaluating a wireless service network is provided, the method comprising receiving information indicative of a
wireless coverage area associated with each of a plurality of base stations within a geographic area. The method
also includes determining a threshold performance requirement within the geographic area. The method
additionally includes simulating deployment of the at least one fernto base station within the geographic area. The
method also includes determining at least a first performance parameter based on the sinulated deployment of
the at least one femto base station within the geographic area. The method also includes generating a deployment
recommendation based on at least the first performance parameter and the threshold performance requirement.
The deployment suggestion can indicate whether at least one femio hase station is deployed within the
geographic area.

Method and system for evaluating a wireless service network

Technical field

The present disclosure generally relates to methods and systerns for evaluating a wireless service network.

Background technique

Various wireless technologies (eg, 3G, 4G, 3GPP Long Term Evolution (LTE), LTE-Advanced (LTE-A).
WIMAX, etc.} leave room for the use of smaller, user-installed base stations, which are commonly referred to
herein. It is a femto base station (IBS) (for example, a femitocell in WiMAX, or a home node-B in 3GPP). The
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1BS is provided to the user by the wireless service provider. The user or the wireless service provider's technician
installs the fBS in the user's home or office (herein referred (o as a home or home location) to increase the signal
quality and strength of the local wireless coverage. The backhaul connection of the £BS to the wireless service
provider's network (WSPN) is provided via the user's home network access {e.g., DSL). The fBS operatesin a
wireless manner similar to other base stations (e.g., macro base stations (MBS) and/or relay stations (RS)) of the
wireless service provider {(e.g., wsing the sarve licensed band). The {BS may allow handover from the MBS to the
{BS to be completed without requiring user notification (eg, similar to switching from one MBS to another).

Essentially, an endpoint can treat an {BS as another base station. Thus, any endpoint that utilizes the same wireless
service may be able to establish a connection through the BS. However, the owner of the {BS may not want to
make their {BS available to the public, whereby the owner can set the {BS to only allow access from members of
the Closed Subscriber Group {CSG) designated by the owner.

Summary of the invention

The teachings of the present disclosure relate to methods and systems for evaluating a wireless service network.
For example, a method for evaluating a wireless service network can include the step of receiving information
indicative of a wireless coverage area associated with each of a plurality of base stations within a geographic area.
The method can also include the step of determining a threshold performance requirement within the geographic
area. The method can additionally include the step of simulating deployment of at least one femto base station
within the geographic area. The method can also include the step of determining at least a first performance
parameter based on the simulated deployment of the at least one femto base station within the geographic area.
The method can also include the step of generating a deployment recommendation based on at least the first
performance parameter and the threshold performance requirement. The deployment suggestion can indicate
whether af least one fernto base station is deployed within the geographic area.

The technical advantages of a particular embodiment inclade the ability to evaluate a wireless network that
provides femtocell services and IBS. Another advantage of certain embodiments is that the wireless service
provider can determine whether to deploy the femtocel service within a geographic area. Another advantage of
certain embodiments is that the wireless service provider is also able to determine the price of the femtocell
service within the geographic area. Another advantage of certain embodiments is that the wireless service
provider can determine the spectrum utilization policy of the {BS within the geographic area. Other technical
advantages will be readily apparent to those of ordinary skill in the art in view of the appended claims. Moreover,
although specific advantages have been enumerated above, various embodiments may inchede all, some, or none
of the enumerated advantages.
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DRAWINGS

For a more complefe understanding of the specific embodiments and their advantages, the following description
will be described with reference to the accompanying drawings in which:

Figure 1 illustrates a2 communication systern including various communication networks in accordance with a
particular embodiment;

2 iltustrates a network including a more detailed view of a computer, in accordance with a particular
embodiment;

3 ilkustrates a method for evaluating a wireless service network within a geographic area, in accordance with a
particular embodiment;

4 illustrates a method for boosting a femtocel] service, in accordance with a particular esnbodiment;

Figure 5 illustrates a method for determining installation configuration parameters for a femto base station, in
accordance with a particular embodiment.

detailed description

FIG. 1 illustrates a commmunication systemn including various communication networks in accordance with a
particular emnbodiment. Communication systern 100 can be comprised of multiple networks 110, Bach network
110 can be any of a variety of conumnunication networks designed to facilitate one or more different services,
either independently or in combination with other networks. For example, network 110 may facilitate Internet
access, wireless access (eg, via LTE or WiMAX wireless services}, online gaming, data downloading, file sharing,
peer-to-peer file sharing (P2P), Voice over Internet Protocol (VolIP) calls, IP A video call, or any other type of
functionality typically provided by the network. Network 110 may utilize any of a variety of protocols for wired
or wireless communication to provide their respective services. For example, network 110a may include an
802.16 wireless network (eg, 802.16j), commonly referred to as WiMAX, which may include, in addition to other
portions, a macro base station (MBS} (eg, base station 120) and a femio base station (fBS). (eg {BS 190).
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For stmplicity and ease of discussion, the rerainder of this specification may use simplified naming for the
various entities, components, and networks discussed herein. "Home location” may refer to a location where a
user has access {o a home network to an external network such as the Internet. The home location is not limited
to only the user's home, which may include, for example, the user's office. "Home network access” may refer to
any of a variety of methods and/or techniques for accessing one or more external networks, such as the Internet,
from a user's home location. For example, home network access may include: cable modems, DSL modems,
xD3SL modems, and the like. "Home network” may refer to a local area network (LAN) that is placed within the
user's home location. The LAN can include both wired and wireless connections. The term "Internet” is not
limited to the Infernet, but includes any type of network, including public and private networks. An "Internet
Service Provider" (ISP} may refer to an entity that provides users with access to their home network. "Wireless
service” may refer to any of a variety of methods and/or techniques used by a wireless service provider to provide
wireless access to an endpoiut over a large geographic area. A Wireless Service Provider (WSP) cau refer to an
entity that provides wireless services. Although such a nomenclature is used for simplicity, it does not represent
the full scope of all possible embodiments and/or circumstances. For example, an ISP can also be a WSP. As
another example, an ISP may not provide Internet access directly to a user {eg, an ISP may provide Internet
access to a building, which may then provide Internet access to fBS users).

The embodiment depicted in FIG. 1 includes an {BS 190. fBS 190 may essentially be a small base station that a
user purchases (or rents) from their WSP. Once installed, the {BS 190 can provide a geographically small
coverage arca that can be used to enhance signal coverage within the user's home location. In some
embodiments, {BS 190 can use the same wireless service as surrounding base station 120. For example, ina
particular embodiment, {BS 190 may use the sare Heensed spectrum as other local base stations 120 of WSP (e.g.,
MBS, pico base station {(pBS) (not depicted), and/or RS (not depicted} { For example, the spectrum licensed by
the user's WSP). Depending on the situation, the user can share the coverage of his {BS with other unknown
users {eg, the fBS is a public {BS), which he can limit to known/authorized users (eg, the {BS is a private {BS), or
above Some combination. Known/authorized users may be referred to as C5Gs. Because every {BS user can
operate their own corresponding 1BS, all of them can prefer (o use their {BS in a CSG type configuration.

Although the exemplary communication system 100 of FIG. 1 includes six different networks, the networks
110a-11{H, the term "network” should be interpreted to generally define the ability to transimit signals, data,
and/or messages {including through web pages, email, text chat, Any network or combination of networks of
Voice over IP (VoIP) and instant messaging (signal, data, or messaging}. Depending ou the scope, size, and/or
configuration of the network, any of the networks 118a-110f can be implemented as a LAN, WAN, MAN,
PSTN, WiMAX network, a global distribution network such as the Internet, an intranet, an extranet, or Any
other form of wireless or wired networking.

Network 110 may include any number of wired links 160, wircless connections 150, nodes 176, and/or endpoints
140, and cornbinations thereof. For purposes of illustration, and by way of example only, network 110aisa MAN
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that rmay be implemented at least in part via WiMAX or LTE; network 110b is a PSTN; network 110cisaLAN;
network 110d isa WAN such as the Internet; network 110e may be responsible for The network 110ais a WSPN
that operates with a WSP operated by a wireless service {e.g., WiMAX): and the network 110f is an Internet
service provider network that can be operaied by an ISP responsible for providing home network access
{including Internet access} to its users { ISPN}. Although not depicted in Figure 1, the ISPN network 110f may
include servers, modems, gateways, and any other cormpouenis that may be required to provide their respective

services.

Although network 118 has been depicted as six separate networks, depending on the situation, any two or more
of these networks may be a single network. For example, the WSP and ISP can be the same business entity that
can maintain the necessary components for both services on the same network, thereby combining the ISPN
network 110f and the WSPN network 110e into a single network. Moreover, the interconnections between the
plurality of networks 110 can be different than the interconnections depicted in FIG. For example, if a user uses a
Digital Subscriber Line (DSL) for his Internet access, his network access device 180 can connect to the PSTN
116b.

In general, network 110 is provided for conmumunication of packets, units, frames, or other portions of
information (referred to herein as packets) between endpoints 140 and/or nodes 170. In a particular
embodiment, networks 110a and 110c-118{ may be IP networks. The IF network transmits data by placing data
in the packet and individually transmitting each packet to the selected destination along one or more
communication paths. Network 110b may be, for exanple, a PSTN, which may include a switching station, a
central office, a mobile telephone switching office, a paging exchange, remote terminals, and other related
telecommunications equipment throughout the world. Network 110d can be coupled to network 110b through a
gateway. According to an embodiment, the gateway may be part of network 110b and/or 110d (e.g., nodes 170e
and/or 170c may include a gateway). The gateway may allow the PSTN 110b to communicate with a non-PSTN

network, such as any of the networks 110a or 110c-110f

Auy of the networks 110a or 110c-110f may be coupled {o other IP networks including, but not limited (o, the
Internet. Because IP networks share a common method of transmitting data, signals can be sent between devices
located on different and interconnected IP networks. In addition to being coupled to other IP networks, any of
the networks 110a or 110¢-110{ may also be coupled to a non-IP network by using an interface or a component
such as a gateway. Similarly, PSTN 110b may be capable of connecting to other networks, including connecting

to an IP network via an interface or gateway.

The networks 110 can be connected to each other and to other networks via a plurality of wired links 160,
wireless connections 158, and nodes 178. Not only the wired link 160, the wireless connection 150, and the node
170 connect various networks, but they are also interconnected with the endpoints 140 and with any other
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components or any portion of any of the networks 110 that are coupled {o the endpoints 140, The
interconnection of network 110 may enable endpoints 140 to transmit data and control signaling between each
other and allow any intermediate component or device to transmit data and control signals. Thus, a user of
endpoint 148 may be able to transmit and receive data and control signals between and among network
components coupled to one or more networks 110.

In the depicted embodiment, wireless connections 150f and 150g may represent, for exarnple, a wireless
connection between end point 140 of WIMAX and base station 120 or iBS 190. In other embodiments, wireless
connection 150 may use other wireless technologies and/or protocols, such as LTE, or LTE-A. In some cases,
WIMAX, LTE, or LTE-AMBS, along with an extended range of one or more relay stations, pBSs, and/or {BSs,
may allow network 110a to cover a larger geographic area associated with the MAN,

Node 176 can include any combination of: network components, modems, session border controllers,
gatekeepers, ISPN gateways, WSPN gateways, security gateways, operations management and maintenance and
provisioning {OAM&P) servers, network access providers ( NAP) server, base station, conference hridge, router,
hub, switch, gateway, endpoint, or any other hardware, software, or embedding that implements any number of
communication protocols that permit the exchange of packets in communication system 100. Logic. For
example, node 170e can include a gateway. As a gateway. node 170e may allow network 110b, PSTN networks to
transmit and receive commumnications from other non-PSTN networks, such as network 118d, IP networks. In
soime cases, as a gateway, node 170e can switch communications between the various protocols used by networks
110b and 110d.

In particular embodiments, network 118e may include various servers, gateways, switches, routers, and other
nodes used in providing one or more wireless services. For example, WSPN 110e includes: a mobility
management entity (MME} 130b, a security gateway 130a, a serving gateway 130d, and a home node gateway
130c. The MME 130b may be responsibie for storing, organizing, and/or maintaining bindings received from
various endpoints. Security gateway 130a may include multiple, logically separate security gateways. Although
gateways can be logically separated, they can be physically juxtaposed or separated. The secure gateway 130a may
provide security o the WSPN 110e for access to the WSPN 110e via the Internet and/or to the {BS accessing the
WSPN 110e. In a particular ernbodiment, this security can be provided by two logically separate security
gateways. For example, a security gateway can be responsible for an internet-hased connection, while a second
separate security gateway can be responsible for an {BS-based connection.

The home node gateway 130c can be used as a concentrator for the control plane (eg, $1-MME interface}. In
some exnbodiments, the horoe node gateway 130c may terminate the user plane towards the home node gateway
130c and roward the serving gateway 130d. The home node gateway 130c may provide a relay function for
relaying user plane data between the home node gateway 130¢ and the serving gateway 130d. In some
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embodiments, the home node gateway 130c can support a NAS node selection function (NNSF). Although
specific components have been described and depicted within WSPN 110e, WSPNs may include different, fewer,
or additional compounents.

Network access device 180 way provide home network to [BS 190 by hardware, software erobedded ina
computer readable medium, and/or any combination of encoding logic (e.g., firmware) incorporated into or
otherwise stored in hardware. Access. In some embodirments, network access device 180 can be provided by a
user's ISP. For exaruple, if the user's ISP is a cable company, the ISP can provide a cable modem as the network
access device 180, As another example, if the user's ISP is a telephone company, the ISP can provide an xDSL
modem as the network access device 180. As can be appreciated, network access device 180 can provide home
network access (o componenis other than {BS 190. For example, a user can connect his personal computer to the
network access device 180 to access the Internet.

Endpoints 140 and/or nodes 170 may provide data to a user via hardware, software embedded in a computer
readable medium, and/or any combination of encoding logic (eg, Brmware) incorporated into or otherwise
stored in hardware. Or web service. For example, any one of the endpoints 140 can be a cellular telephone, an [P
telephone, a computer, a video monitor, a video camera, a personal digital assistant, or any other hardware or
software that supports the use of one or more networks 110 to transmit packets {or frames). And / or coding
logic. Endpoints 140 may also include unattended or automated systems, gateways, other intermediate
components, or other devices that can transmit or receive data and/or signals.

Although FIG. 1 llustrates a particular number and configuration of endpoints, connections, Hinks, and nodes,
communication system 100 also contemplates any number or arrangement of such components for
communicating data. Additionally, elements of communication system 106 may include components that are
centrally located {partially) refative to one another or distributed throughout communication systero 100.

2 fllustrates a vetwork including a more detailed view of a compuder, in accordance with a particular
embodiment. The depicted network 200 is a simplified illustration of a computer 210, a network 228, and storage
areas 230a-230c. Computer 210 may include one or more portions of one or more computer systems. In
particular embodiments, one or more of these corputer systems can perform one or more sieps of one or more
methods described or exemplified herein. In particular embodiments, one or more computer systems can
provide the functions described or exemplified herein. In some implementations, encoding software running on
one of more computer systems can perform one or more steps of one or more methods described or fHlustrated
herein, or can be described or iffustrated herein. The function.

The components of computer 210 may include any suitable physical form, configuration, number, type, and/or
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layout. By way of example and not liroifation, computer 210 may comprise an embedded computer system, a
system on a chip (SOC), a single board computer system (SBC) (for example, a computer on 2 module (COM}
or a system on a module (SOM)}}, desktop computer system, laptop or notebook computer system, interactive
query system (kiosk), mainframe, computer system network, mobile phone, mobile phone, personal digital
assistant (PDA), server, or these A combination of two or more. Where appropriate, computer 210 may include
one or more computer systers; single or distributed; span multiple locations; span multiple machines; or reside
in one or more networks including one In the doud of more or more cloud components. In one example,
computer 210 can be a radio system level sirnulator or a commercial radio planning tool.

Where appropriate, computer 210 may perform one or more steps of one or more methods described or
exemplified herein without significant spatial or teraporal limitations. By way of example and not limitation,
computer 210 may perform one or more steps of one or more methods described or exemplified herein. One or
more computers may perform one or more steps of one or more methods described or illustrated herein at
different times or at different locations, where appropriate.

In the depicted embodiment, computer 210 can include processor 211, memory 213, storage 215, interface 217,
and bus 212. These components can work together to plan, design, and evaluate a wireless network that can
include {BS, as discussed below. Although a particular network is depicted as having a particular number of
specific components in a particular arrangement, this disclosure contemplates any suitable network 200 having
any suitable number of any suitable components in any suitable arrangement. For the sake of simplicity, only the
components of computer 210 are depicted. Other devices in network 200 may have one or more of the various
components described below for computer 210

Processor 211 can be 2 microprocessor, controller, or any other suitable computing device, resource, or
combination of hardware, software, and/or coded logic operable to separate or in combination with other
components (eg, memory 213) To provide the ability to plan, design, and evaluate a wireless network that can
include {BS. Such functionality may include providing various features discussed herein. For example, processor
211 can identify one or more potential deployment customers to which to deploy an {BS. Additional examples
and functions provided at least in part by processor 211 are discussed below.

In particular embodiments, processor 211 may include hardware for executing instructions, such as instructions
that constitute a computer program. As an example, and not by way of limitation, the processor 211 may retrieve
{or extract) instructions from internal registers, internal cache, memory 213, or storage 215 for execution of
instructions; decode and execute them; and then The more or more results are written to the internal register, the
internal cache, the mermory 213, or the storage 215.
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In particular embodiments, processor 211 may fnclude one or more internal caches for data, instructions or
addresses. Where appropriate, the present disclosure contemplates processor 211 including any suitable number
of any suitable internal cache memories. As an example, and not by way of limitation, the processor 211 can
include one or more instruction caches, one or more data caches, and one or more transtation look-aside buffers
(TLBs}. The instructions in the instruction cache may be copies of instructions in memory 213 or storage 215.
The instruction cache can be used by the processor 211 {o speed up the retrieval of those instructions. The datain
the data cache may be: a copy of the data in memory 213 or storage 213, operating on jnstructions executed at
processor 211; previously performed at processor 211 for subsequent processing The instructions at 211 are
executed for execution, or for writing to memory 213 or storage 215; or other suitable data. The data cache can
be accelerated by the processor 211 for read or write operations. The TLB can speed up virtual address translation
for the processor 211. In particular embodiments, processor 211 may include one or more internal registers for
data, instructions or addresses. Depending on the implementation, processor 211 may include any suitable
number of any suitable internal registers, where appropriate. Processor 211 may, where appropriate, include one
or more arithmetic logic units (ALUs); may be multi-core processors; may include one or more processors 211;
ot be any other suitable processor.

The memory 213 can be any form of volatile or non-volatile memory including, but not limited to, magnetic
media, optical media, random access memory (RAM), read only memory (ROM), flash memory, removable
media. Or any other suttable local or rernote memory component or multiple local or remote memory
components. Memory 213 can store any suitable data or information utilized by computer 214, including
software embedded in a computer readable medium, and/or encoding logic {e.g.. firmware) incorporated into or
otherwise stored in hardware. In a particular implerentation, memory 213 may include a main memory for
storing instructions executed by processor 211 or data operated by processor 211. By way of example and not
limitation, computer 210 may load instructions from storage 215 or another source (e.g., another computer
systein, storage area 230, or remote transceiver) to memory 213, Processor 211 can then load the instructions
from memory 213 into an internal register or internal cache. To execute these instructions, processor 211 can
retrieve these instructions from internal registers or fnternal cache and decode them. During or afier execution of
these instructions, processor 211 may write one or more results {which may be intermediate or final results) toan
internal or internal cache. Processor 211 can then write one or more of those results to memory 213. In particular
embodiments, processor 211 may execute only one or more infernal registers or instructions in fnternal cache or
memory 213 {as opposed to storage portion 215 or elsewhere), and may only be one or more Data s
manipulated in a plurality of internal registers or internal caches or in memory 213 (as opposed to storage
portion 215 or elsewhere).

Bus 212 may comprise hardware, any software embedded in a computer readable medium, and/or any
combination of encoding logic (e.g., firmware} incorporated in or otherwise stored in hardware to couple
components of computer 210 to each other. As an example, and not by way of imitation, the bus 212 may
include: an accelerated graphics port {AGP) or other graphics bus, an enhanced industry standard architecture
{(EISA) bus, a front side bus (FSB), a hypertransport (HT) Connection, Industry Standard Architecture {(ISA)
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bus, INFINIBAND intercounect, low-pin-count (LPC) bus, memory bus, microchanuel architecture (MCA)
bus, peripheral component interconnect {PCI) bus, PCI Expansion (PCI-X) bus, Serial Advanced Technology
Attachiment (SATA) bus, Video Electronics Standards Association Local Area (VLB) bus, or any other suitable
bus or combination of two or more of these buses. Bus 212 may include any numbeyr, type, and/or configuration
of bus 212, where appropriate. In a particular embodiment, one or more buses 212 {which may include an
address bus and a data bus} may couple processor 211 to memory 213, Bus 212 can include one or more
memory buses, as described below. In particular embodiments, one or more memory management units
{(MMUs} may reside between processor 211 and memory 213 and facilitate access to memory 213 as requested
by processor 211. In a particular ruplementation, memory 213 can include random access memory (RAM). The
RAM can be a volatile memory, where appropriate. The RAM may be dynamic RAM (DRAM) or static RAM
(SRAM]}, where appropriate. Moreover, the RAM may be a single port or multi-port RAM, or any other suitable
type of RAM or memory, where appropriate. The memory 213 may include one or more memories 213, where
appropriate.

In particular embodiments, storage 215 can include a mass storage for data or instructions. As an example, and
not by way of limitation, the storage portion 215 may include: an HDD, a floppy disk drive, a flash memory, an
optical disk, a magneto-optical disk, a magnetic fape, or a universal serial bus (USB) drive or two or more of
these. The combination. The storage portion 215 may include a removable or non-removable {or fixed)
medium, where appropriate. The storage portion 215 may be internal or external o the computer 210, where
appropriate. In a particular implementation, storage 215 can be a non-volatile, solid state memory. In a particular
embodiment, storage 215 can include a read only memory (ROM). Where appropriate, the ROM may be a
mask programining ROM, a programmable ROM (PROM), an erasable PROM (EPROM), an electrically
erasable ROM (EEPROM), an electrically rewritable ROM (EAROM], or a flash. Memory or a2 combination of
two or more of these. Storage 215 can take any suitable physical form and can include any suitable number or
type of storage. The storage section 215 may include one or more storage control unifs that are easily
communicated between the processor 211 and the storage section 215, where appropriate.

In particular embodiments, interface 217 can include one or more interfaces for one or more 1O devices. One or
more of these /O devices may be capable of enabling communication between a person and the computer 218
As an example, and not by way of limitation, the /O device can include: a keyboard, a keypad, a microphone, a
monitor, a mouse, a printer, a scanner, a speaker, a still camera, a stylus, a tablet, a touch screen, a trackball, a
video A camera, another suitable 1/0 device, or a combination of two or more of these. The 1/O device can
include one or more sensors. Particular embodiments may include any suitable type and/or number of /O
devices, and any suitable type and/or number of interfaces 117 for these I/O devices. Interface 117 may include
one of more devices or encoding software drivers that enable processor 211 to drive one or more of these /O
devices, where appropriate. Interface 117 may include one or more interfaces 117, where appropriate.

Herein, a reference to a computer readable storage medium encompasses one or more tangible computer
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readable storage medium processing structures. As an example, and not as a limitation, the computer readable
storage medium may include semiconductor-based or other integrated circuits (ICs), such as, for example, Field
Programmable Gate Array (FPGA) or dedicated, where appropriate. I1C (ASIC), hard disk, HDD, hybrid hard
drive (HDD}, optical disk, optical disk drive {ODD), magneto-optical disk, maguneto-optical drive, floppy disk,
floppy disk drive (FDD), magnetic tape, holographic storage medium, solid state drive (55D} A RAM drive, a
secure digital card, a secure digital drive, a flash memory card, a flash memory drive, or any other suitable
compuier readable storage mediam or a combination of two or more of these. Here, references to computer
readable storage media exclude any medium that does not meet the patent protection conditions under 35
US.C. § 101 Here, references o computer readable storage media exclude temporary forms of signal
transmission {e.g., propagating electrical or electromagnetic signals themselves) from the point that they do not
comply with the patent protection conditions under 35 US.C. § 101,

Particular embodiments may include one or more non-transitory computer readable storage media that
implement any suitable storage. In a particular embodiment, the computer readable storage medium implements
one or more portions of processor 211 {eg, such as one or more internal registers or caches), memory 213, where
appropriate. One or ioore portions, one or more portions of the storage portion 215, or a combination of these.
In a particular embodiment, a computer readable storage medium implements a RAM or ROM. In a particular
embodiment, a computer readable storage medium implements a volatile or persistent mermory. In a particular
embodiment, the one or more computer readable storage roedia specifically comprise encoding software.

Here, where appropriate, references to encoding software may encompass one or more applications, bytecodes,
one of more computer programs, one of more that have been stored or encoded in a computer readable storage
medium. Multiple executable programs, one or more instructions, logic, machine code, one or more scripts, or
source code, and vice versa. In a particular embodiment, the encoding software includes one or more application
programming interfaces {APIs) stored or encoded in a computer readable storage medium. Particular
embodiments may use any suitable encoding software that is stored or encoded in any suitable type or number of
computer readable storage media, written or otherwise expressed in any suitable programming language or
combination of programming languages. In a particular embodiment, the encoding software can be expressed as
source code or object code. In a particular emnbodiment. the encoding software is expressed in a high level
programming language (for example, such as C, Pexl, or a suitable extension thereof}. In a particular
embodiment, the encoding software is expressed in a low level programming language such as asserbly language
{or machive code). In a particular embodiment, the encoding software is expressed in JAVA. Ina particular
embodiment, the encoding software is expressed in Hypertext Markup Language (HTML), Extensible Markup
Language (XML), or other suitable markup language.

Computer 210 is coupled to network 220. Network 220 can fuclude hardware, software, coding logic, orany
combination thereof. The term "network” should be interpreted to generally define a signal, data, and/or message
{including, but not limited to, signals, data, or messages transmitted via web pages, email, text chat, voice over IP
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{VolP), and instant wessaging). Any network or combination of multiple networks. Depending on the scope,
size, and/or configuration, network 220 (or any of its component networks) can be implemented asa LAN,
WAN, MAN, PSTN, global distribution network such as the Internet, an intranet, an extranet, or any other form.
Wireless or wired networking. In general, network 220 provides communication of packets, units, frames, or
other portions of information (referred to herein as packets) between various components. More specifically,
network 220 can couple computer 210 to one or more storage areas 230 such that computer 210 can access any
information stored in storage area 230.

In particular embodiments, storage area 230 may include a mass storage portion of data or instructions. Asan
example, and not by way of limitation, the storage area 230 may include: an HDD, a floppy disk drive, a flash
memory, an optical disk, a magneto-optical disk, a roagnetic tape, or a universal serial bus (USB) or two or more
of these. combination. Storage area 230 may include removable or non-removable (or fixed) media, where
appropriate. In a particular implementation, storage area 230 can be a non-volatile, solid state memory. Ina
particular embodiment, storage area 230 can inchude read only memory (ROM). Where appropriate, the ROM
may be a mask programming ROM, a programmable ROM (PROM), an erasable PROM (EPROM), an
electrically erasable ROM (EEPROM]}, an electrically rewritable ROM (EAROM), or a flash. Memory or a
combination of two or more of these. The storage area 230 can take any suitable physical form and can include
any suitable number or type of storage. In particular embodiments, storage area 230 may refer to a database
accessible by computer 210. In a particular implernentation, storage area 230 may store any suitable data for
planning, designing, and evaluating a wircless network that may include an {BS. For example, storage area 230
may store: demographic information associated with the geographic area {eg, population density, revenue,
subscription status, efc.}, geographic information associated with the geographic area (city, county, state,
building, etc.), Terrain information associated with the geographic area {eg, altitude, vegetation, etc.), current top
information of the service provided by the service provider, current licensed spectrum information for the
wireless network, information about the spectrum available for licensing, and ficensing License cost information
associated with available spectrum, deployment cost information associated with deploying fBS within a
geographic area {eg, installation cost, site lease cost, spectrurn Hcense cost, ele.}, data throughput associated with
deploying fBS within a geographic area Changes in volume information, information about expected fees to be
collected for deployment of {BS in a geographic area (eg, normal customer charges, promotional customer
charges, etc.}, and/or during planning, design, and evaluation of wireless networks that may inclade 1BS Any
other suitable information used or created.

So far, several different implementations and features have been proposed. Particular embodiments may
combine one or more of these features depending on operational needs and/or component constraints. This can
allow the network 200 to be highly adaptable to the needs of various organizations and users. Some embodiments
may include additional or different features. In particular embodiments, the functionality of computer 210 may
be provided by additional or different means.
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In accordance with certain erobodiments, the teachings of the present disclosure relate to planning, designing,
and evaluating a wireless network that can include an {BS. Traditionally, wireless service providers have not been
able to efficiently plan, design, or evaluate wireless networks that provide femtocell services and BS. In particular,
for femtocell services and {BS, various barriers have made planning, designing, and evaluating wireless networks
impractical. For example, unlike traditional base stations (e.g., MBS, pBS, RS, etc.} where the wireless service
provider countrols the deployment of the hase station, the wireless service provider has little or no control over the
deployment of the BS. Specifically, because the {BS is owned or leased by a separate client, the wireless service
provider does not know which home locations will deploy the fBS. Moreover, the wireless service provider may
have less control over where the 1BS may be located within the customer’s home location. Therefore, since the
number of potential {BS site locations is significantly larger than that of a conventional base station, it is not
feasible to evaluate all possible combinations of {BS locations. As another example, the wireless coverage of an {BS
is significantly sroaller than a conventional base station. In particular, although the wireless coverage of the MBS
can be several square miles, the wireless coverage of the fBS is limited to relatively small areas {eg, surrounding a
house}. Thus, planning, designing, and evaluating networks that include BS is traditionally not feasible.

In one embodiment, planning, designing, and evaluating a wireless network may include three phases of
processing: {1} a "pre-planning” phase (FIG. 3}, which may be an auxiliary service provision prior to initiating a
femtocell service within a particular geographic region The party makes a strategic decision; (2) the "promotion”
phase (Figure 4), which can assist the service provider {o promote the femiocell service to a specific customer
base, and the subscription of the femtocell service for that particular customer group may benefit the service
provider And (3) the "Operation” phase (Figure 5}, which can assist the service provider in determining
installation configuration parameters for faster and more successful deployment of the {BS. In some
embodiments, depending on the situation, the pre-planning phase may occur during deployment of a planned
new wireless service, after a traditional wireless network has been planned (eg, a wireless network including MBS,
pBS, RS, ete.} but not fully deployed. In the case of a network, or after a traditional wireless network has been
deployed in a geographic area. In some embodiments, the promotion phase can occur after the wireless service
has been initiated by the service provider. In another embodiment, the operational phase roay occur after the
wireless service has been initiated by the service provider and/or at any time when the potential deployment
custorer is identified {e.g., a request for the {BS has been received from the potential deployment custorer).

Each of Figures 3-5 discussed below may relate to the deployment of an {BS. In one embodiment, the
deployment of the {BS may include any suitable action for providing the feratocelf service to the client. For
example, the deployment of the fBS may include providing the BS device to the client, providing the femto cell
service to the IBS, configuring the BS to operate, or any other suitable action associated with deploying the {BS.

Moreover, each of Figures 3-8 discussed below may relate to "potential deployrment customers.” ln one
embodiment, the potential deployment customer may include any suitable individual, institution, company, or
any other suitable group that may potentially deploy the {BS. In another embodiment, the potential deployment
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customer may include: an existing customer of the wireless service provider who has not subscribed to the
wireless service provider for the femtocell service (eg, they may subscribe to other wireless provided by the
wireless service provider) Service), or a person or group {eg, a non-customer) who has neither subscribed to the
wireless service provider nor subscribed to the wireless service provider for the femtocell service.

Figure 3 iHlustrates a method for evaluating a wireless service network within a geographic area, in accordance
with a particular emnbodiment. In a particular embodiment, the method may allow the wireless service provider to
make a policy decision regarding the deployment of the {BS in a geographic area. For example, based on the
determinations performed in the method, the wireless service provider is able to understand at a high level the
performance of the wireless service network and how the incorporated {BS may affect the performance.
Specifically, the wireless service provider can determine how the {BS affects wireless capacity, backhaul capacity,
latency, traffic {such as traffic redirected from MBS to fBS}, and revenue. Thus, the wireless service provider can
determine whether to deploy the ferntocell service within a geographic area and also be able to determine the
price of the femtocell service within the geographic area.

In one embodiment, the method of FIG. 3 may be performed by a computer such as computer 210 of FIG.
Likewise, the method of Figure 3 can be performed by a radio system level simulator or a commercial radio
planning tool.

The method begins at step 310 where the computer receives information indicative of a wireless coverage area
associated with a base station within a geographic area. This information can be associated with base stations that
have been deployed or are planned to be deployed in the future. In those cases where the wireless coverage area
information is based on a planned deployment of the base station, the information may be based on a simulation
of the deployment of the base station. Where the wireless coverage area information is based on actual
deployment to the base station, the information may be based on measurements made within the geographic
area, a simulation of the deployed base station, or some combination of the two. In one embodiment, the wircless
coverage associated with the base station may include wireless coverage associated with any suitable type of base
station. For example, these base stations may include: MBS, pBS, RS, or any other suitable base station. The
wireless coverage area information can be used in particular to determine the current capacity of the wireless
network and/or to identify locations within the geographic area that the wireless coverage does not satisfy one or
more performance thresholds. For exanple, the identified location may be an area within the geographic area
where the wireless signal strength is weak or there is insufficient available bandwidth.

At step 314, the computer determines the number of potential customers within the geographic area. In one
embodiment, the computer can determine the number of potential customers based on demographic
information. For example, a computer can receive demographic information associated with the geographic area.
Such demographic information may include: current population level, address associated with the population,
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expecied population growth, information abouwt the current customer of the wireless service provider, age
distribution, household income, education level, or related to the geographic information. Any other suitable
demographic information. This demographic information can also include U.S. Any accessible information of
the Census Bureau.

Cnce demographic information is received, the computer can identify a subset of the population within the
geographic region. The subset may be identified based on the identified location where the wireless signal was not
performed as required, an analysis of any suitable demographic factors, or a combination of the above, For
example, a computer can identify subsets based on family income ranges, age ranges, education level ranges, and
the like. After identifying a subset of the population, the computer can then determine the number of potential
customers by multiplying the subset of the population by the probability of ordering. The probability of ordering
may be based on historical data provided by the wireless service provider, e.g., based on previous deployments,
deployments of other wireless service providers, other sources that have historically employed wireless services,
ot some combination of the above. In some embodiments, the probability of ordering may be based on a
function of the household income range, age range, education level, efc. of the population within the geographic
region,

In some embodiments, the computer can determine the number of potential custorners based on a list of
previous customers, such as customers who have subscribed to previously generated wireless services provided
by the wireless service provider. Similarly, the number of potential customers can be determined using an existing

customer database accessible to the wireless service provider.

In particular embodiments, potential deployment customers may be identified based on the number of potential
customers. {n some embodiments, potential deployment customers may also be identified based on market share
maintained by wireless service providers within the geographic area. For example, a computer can multiply the
total number of potential customers {eg, people living in the geographic area) by market share (the percentage of
people in the geographic area that are already customers of the wireless service provider) to calculate potential A
subset of custoroers. In this example, the market share can be determined by the computer or can be entered futo
the computer by the user. ln some embodiments, if demographic information is utilized to calculate the number
of potential customers, the computer can randomtly select an address from among all addresses within the
geographic area. In another embodiment, if the previous customer list is utilized to calculate the number of
potential customers, the computer can randomly select an address from among the addresses on the fist.

At step 318, the computer determines the current performance of the wireless coverage area. In one embodiment,
the computer determines current performance based on information indicative of the wireless coverage area
received by the computer in step 310. In one embodiment, the current performance of the wireless coverage area
may refer to coverage and throughput provided by base stations within the geographic area. This current

28-10-2019 15 TP Link Ex. 1004
Page 368



performance may also refer o the cost of providing wireless coverage (eg, maintenauce, operations, etc.). The
current performance of the wireless system can be determined in any suitable manner using any suitable

infformation.

At step 322, the computer determines a threshold performance requirement. This threshold performance
requirement can include any suitable wircless performance requirements. For example, the threshold
performance requirement can include the total wireless capacity required within the geographic area during peak
usage time, As another exarple, the threshold performance requirerent may include the tofal wireless capacity
required within the geographic area during the average usage time. In one embodiment, the threshold
performance requirernent can provide an indication of the extent to which the wireless system network can be
expecied to receive, In some embodiments, the threshold performance requirement can be based on a desired
future performance requirement to reflect an expected increase in the number of customers. This expected
increase can be based on the number of potential customers and/or the probability of the order discussed above.
The threshold can be based on usage, capacity, cost, or any other metric that is recognized by the wireless service
provider.

This threshold performance requirement can be determined in any suitable manmer. In one embodiment, the
threshold performance requirement may be determined based on an estimate of the wireless usage requirements
of current and/or potential deployiment customers. For example, when a wireless service provider enters a new
market, each potential deployment custormer can be associated with a wireless subscription plan for wireless
services, In such an example, this association can be made based on the probability of the order discussed above.
In another embodiment, such association may be based on any other information obtained during the above
steps. In one embodiment, after the computer associates the potential deployment customer with the wireless
subscription plan for the wireless service, the computer can estimate the threshold performance requirements
based on the potential deployment customers and their associated subscription plans. In another embodiment,
the estimate can be made based on any other suitable factor, such as typical wireless usage during peak periods.

At step 326, the computer simulates an {BS deployment within the geographic area. In one embodiment, the
simulation can include a computer simulation of the wireless coverage generated by the {BS deployed (e.g.,
installed and operated) within the geographic area. As such, the simulation can include wireless coverage
provided by both existing base stations within the geographic area and also by the added {BS. In one
embodiment, this combination of existing base stations (MBS, pBS, RS, etc.} and fBS may be referred to as a
"heterogeneous environment.”

In one embodiment, the simulation can jnclude deploying fBSs to cause them to operate in a particular mode.
For example, the sinndation can include one or more of a plurality of fBSs operating in CSG, OSG, or HSG.
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In one embodiment, the simulation can include deploying any suitable number of fBSs. For example, during a
simulation, only a single {BS can be deployed, or multiple {BSs can be deployed. In another embodiment, the
number of {BSs deployed during the simulation may be based on the percentage of potential deployed
customers. For example, the number of {BSs can be ten percent of the number of potential deployed customers,
twenty percent of the number of potential deployed customers, or any other suitable percentage.

In one embodiment, the simulation can include deploying the IBS to a particular location within the geographic
area. For example, an £BS can be deployed to a specific address within a geographic area. As another example, the
{BS can be deployed to any address of a potential deployment customer. In one embodiment, the selection of the
address may be random. For example, the selection of an address can be based on the probability of ordering as
discussed above. As another example, the selection of the address may be based on a uniform random
distribution. In another embodiment, the selection of the address can be based on any suitable algorithm. In yet
another embodiment, the number of addresses at which the femto base station is deployed may be based on a
percentage of the address of the potential deployment client.

At step 330, the computer determines a first set of parameters based on the simulated deployment of the {BS. In
some embodiments, the first set of parameters can include a first performance pararneter. The first performance
parameter can include any indication of the wireless coverage produced by the simulation. For example, the first
performance parameter can be based on bandwidth, coverage area, signal quality, wireless capacity, backhaul
capacity, any other parameters related {0 the wireless network, ot sorve combination of the above. In some
embodiments, the first set of parameters can also include a first cost parameter. The first cost parameter may
include capital expenditures (such as equipment costs for fBS, security gateways, femtocell gateways, etc.} and
operational costs associated with deploying {BS (eg, maintenance, technical support, customer support,
providing another channel for {BS operation, cost of providing additional bandwidth, etc.}. Likewise, the first
cost parameter can include the total cost associated with deploying the {BS.

At step 334, the computer simulates the deployment of additional base stations within the geographic area. In an
embodiment, the additional base station may not include an fBS. For example, the additional base station may
only include base stations of the type already existing in the geographic area, such as MBS, pBS, RS, and the like.
In a particular embodiment, such a deployment can be simulated to compare with the simulation of the
deployment of the {BS. For example, the deployment can be simulated to determine if the added additional MBS,
pBS, RS, and/or any other suitable type of base station already present in the geographic area can result in better
performance than deploying the fBS.

In one embodiment, the simulation of step 334 may include a computer simulation of the wireless coverage
generated by deploying (e.g., installing and operating) additional base stations within the geographic area.
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Likewise, the simulation can include wireless coverage provided by hoth existing base stations within the
geographic area and also by added base stations. Moreover, in one embodiment, the simulation performed by
the computer at step 334 may not include any {BS from steps 326 and 346. Likewise, the simulation may only
include base stations of the same type as the base stations already present in the geographic area. In one
embodiment, this may be referred to as a different "isomorphic environment."

In one embodiment, the simulation of step 334 may include deploying any suitable number of additional base
stations. For example, during a simmulation, only a single additional base station may be deployed, or multiple
additional base stations may be deployed. In one embodiment, the number of additional base stations can be
determined in any suitable manner. In another embodiment, the simulation of step 334 can include deploying
the additional base stations {o specific locations within the geographic area. In one embodiment, the location at
which additional base stations are deployed may be determined in any suitable manner.

At step 338, the computer determines a second set of parameters based on the simulated deployment of the
additional base stations. In oune embodiment, the second set of parameters can include a second performance
parameter. The second performance parameter can include any indication of the wireless coverage generated by
the simulation at step 334. For example, the second performance parameter can be based on bandwidth,
coverage area, signal quality, wireless capacity, backhaul capacity, any other parameters related {o the wireless
network, or some combination of the above. ln one embodiment, the second set of parameters can include a
second cost parameter. The second cost parameter may include capital expenditures {e.g., equipment costs for
additional base stations, security gateways, eic.} and operational costs (e.g.. maintenance costs) associated with
deploying additional base stations. Likewise, the second cost parameter can inclide the total cost associated with
deploying the additional base station.

In particular embodiments, the information used by the computer and used in the simulations performed in
steps 326 and 334 may include any number of different types that may or may affect the wireless network and/or
any associated cost thereof. Any combination of appropriate information. For example, the information can
include geographic or terrain data associated with the geographic area. This data can be included from U.S. City,
county, and/or state houndaries, building size and location, terrain, elevation, and land cover data received by
the Geological Survey (USGS}. The data may also include any information that may relate to the physical
location of the base station or {BS and/or the range that may affect its wireless signals.

This information may include infrastructure data associated with providing coverage areas. The infrastructure
data may include any suitable data regarding antennas, cellular towers, base stations, cabling, switching or routing
offices, site leases (e.g.. leased land ot building space), or any other suitable infrastructure data. For example, the
infrastructure data may include location data for any aspect of the infrastructure (eg, the location of any base
station, antenna, or cell tower within the geographic area), performance data for any aspect of the infrastructure,
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and infrastructure-specific Any aspect of cost {eg. acquisition, rent, maintevance, upgrades, etc.) data, or any
other suitable infrastructure data. The infrastructure data may include any suitable infrastructure data that is
stored and maintained by the wireless service provider or by the Federal Communications Comumission (FCC).

The information may also include spectrum information related to the availability of the wireless spectram {e.g.,
the wireless spectrum available to the wireless service provider for lease and/or current lease}. The spectral
information may relate to available frequencies, bandwidth, costs associated with licensed available spectrum, any
other features or componenis related to the available spectrum, or some combination of the above.

This information can also include capacity data. This capacity data can be associated with the cumulative
capacity of the base station or {BS deployed or o be deployed, or the individual capacity of a single base station
or {BS. In addition, the capacity can be associated with wireless capacity, wired capacity, backhaul capacity,
switched capacity, processing capacity, or the capacity of any other component or service required o provide
wireless coverage.

This information can also include currency information. The currency information may include the fees
currently charged to the current customer, or an estimated fee that may be charged when deploying an {BS or
other base station. The currency information can include: promotional pricing, promotional discounts, or
incentives. The currency information can include the costs associated with deploying the base station or {BS. This
cost can relate (o joitial deployment costs (eg, purchasing new hardware, justalling bardware, configuring
hardware, acquiring site space, renting spectrum, etc.} and recurring costs {(eg, site rental fees, spectrum license
renewals, utilities, maintenance, etc.) ).

At step 342, the computer compares the first and second sefs of parameters. The comparison can include one or
more of the first and second performance parameters and the first and second cost parameters. This comparison
can be used to help decide between deploying an {BS within the geographic area or deploying additional base
stations. In some embodiments, the first and/or second performance parareters can be compared to a threshold
to determine if any of the simulations result in a parameter that is sufficiendly improved (e.g., a parameter that
meets or exceeds the threshold performance determined at step 322). In some embodiments, the computer can
determine if additional simudations are to be performed. In some cases, the determination can be made hased on
input from an operator of the computer. Depending on the particular implementation, determining that
additional simulations are to be performed may enable the computer to simulate additional ways in which
threshold performance requirements may be met.

At step 346, a deployment suggestion is generated. In one embodiment, the deployment saggestion can indicate
whether the {BS should be deployed within the geographic area. For example, based on one or more of the
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simulations at steps 326 and 334 and the threshold performance performance requirernents determined at step
322, the computer can determine whether deploying the {BS within the geographic area is desirable or
undesirable. As another example, based on one or more of the simulations at steps 326 and 334 and the threshold
performance performance requirements determined at step 322, the computer can determine whether deploying
the additional base within the geographic area is desirable or undesirable. In some embodiments, the computer
can deterrnine that i is desirable to deploy a combination of {BS and base stations. In some embodiments, the
computer can determine that deploying an IBS or base station is disadvantageous. This may occur, for example,
when neither of the simulations produces a performance parameter that exceeds the threshold determined at step
322. In yet another ermbodirent, the deployment suggestion can indicate performance parameters and/or cost
parameters that may be expected with or without the deployment of the {BS.

In one embodiment, the computer can generate a deployment suggestion based at least on the first performance
parameter. For example, it may be desirable for the computer to determine that deploying an BS within the
geographic arca when the first performance parameter meets the threshold performance requirement.

In another embodiment, the computer can generate a deployment suggestion based on a comparison of the first
performance parameter to the second performance parameter. For example, based on a comparison of the first
performance parameter (o the second performance parameter, the computer can defermine that the
heterogeneous system {(which includes the fBS) produces better performance than the homogeneous system
{which does not include the {BS). Likewise, the computer can generate deployment recommendations indicating
that 1BS should be deployed within the geographic area.

In another embodiment, the computer can generate a deployment suggestion based on a comparison of the first
cost parameter to the second cost parameter. For example, based on a comparison of the first cost parameter {o
the second cost parameter, the computer can determine that the heterogeneous system {which includes the {BS}
produces a lower cost than the homogeneous system {(which does not include the fBS}). Likewise, the computer
can generate deployment recornmendations indicating that fBS should be deployed within the geographic area.

In vet another embodiment, the computer can generate a deployment suggestion based oun the comparison of the
first and second performance parameters and the first and second cost parameters. For example, based on a
comparison of the first and second performance parameters and the first and second cost parameters, the
computer can determine that the heterogeneous system {which includes the fBS) produces better performance
and/or performance than the homogeneous system (which does not include the {BS) Lower cost. Similarly, the
computer can generate deployment recommendations indicating that IBS should be deployed within the
geographic region.
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In one embodiment, generating a deployment suggestion may also cause the computer to make additional
determinations. In particular, the computer can determine one or more deployment policies {eg, spectrum usage
potlicies) for the IBS. For example, the computer can determine if the {BS and other base stations (MBS, pBS, RS,
etc.) should share the wireless channel or determine whether to dedicate the wireless channel to the fBS. As
another example, the computer can determine one or more operational modes {C8G, OSG, HSG, etc.) for the
B3, As yet another example, the computer can determine the bandwidth of the fBS channel. In one
embodiment, these determinations can be made based on a comparison of the first and second performance
parameters and/or the first and second cost parameters,

In one embodiment, the step of generating a deployment suggestion can further include the computer generating
a pricing policy associated with deploying the {BS within the geographic area. Specifically, the pricing strategy can
be hased on capital expenditures and savings {eg, for equipment, site leases, security gateways, femtocell
gateways, backhaul conmections, etc.), operating costs, and savings {(eg, for maintenance, technical support,
customers} Information on support, spectrum, etc., marketing inputs {such as how many potential deployment
customers may be willing to pay for femtocell services), and/or any other suitable information. In one
embodiment, the computer can generate a pricing policy in any suitable manner. For exaruple, pricing strategies
can he based on device cost, additional channel cost {as when {BS receives their own dedicated channel), and
base station channel bandwidth cost. As another exarnple, the pricing policy may be based on an operating mode
of the £BS (CSG, OSG, HSG, etc.}. In one embodiment, the computer can generate a pricing policy such that the
wireless service provider can determine the price at which the potential deployment customer may be subscribed
to subscribe to the femtocell service. According to this embodiment, the price may be a national price, a local
price for a femtocell service, or some other price {eg, having a partial promotional discount that expires after a
certain amount of time {eg, 6 months}) National price).

In another embodiment, the step of generating a deployment suggestion may further comprise the computer
determining a profit wargin for deploying the fBS. For example, the price that a wireless service provider can
charge a customer for a wireless service utilizing an fBS can be compared to the cost for the wireless service
provider to operate the fBS (eg, the cost of providing a service and maintaining the service) so that Determine the
profit rate. Moreover, the computer can determine how {o adjust the pricing strategy and/or the performance of
the wireless network to maximize profit margins. In addition, the computer can determine how to adjust pricing
strategies and/or profit margins in order to increase the performance of the wireless service network.

Although the embodiment depicted in Figure 3 includes a particular number of steps depicted in a particular
order, it should be understood that other embodiments may have more, fewer, or different steps, and the steps
may be rearranged. For example, in some embodiments, a computer can generate a deployment proposal
without the need to simulate deploying additional base stations. As another example, in some embodiments, the
simulation steps 326 and/or 334 may be repeated multiple times, with the number and/or placement of base
stations and/or {BS changing each time. This repetition can be used to better identify the best deployment.
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4 illustrates a method for promoting a femto service, in accordance with a particular embodiment. In one
embodiment, the method of Figure 4 can provide wireless service providers with the ability to identify locations
and/or potentially deploy customers if the deployment {BS can provide the greatest benefit to the wireless service
provider's petwork. In another example, the method of FIG. 4 may be provided to a potential deployment
customer in such a manner as to provide wireless service providers with enhanced overall wircless system
performance, increased individual services for customers, and/or may increase revenue for wireless service
providers. The ability of feratocell services. For example, by adding additional customers, the benefits of wireless
service providers can increase. Moreover, traffic can be redirected from the existing base station to the fBS by
adding additional fBS to the network at the location where the IBS can bring the greatest benefit to the wireless
service network. This can reduce the traffic load on existing base stations in the wireless network, thereby
allowing higher quality of service to be provided fo customers. Moreover, by redirecting traffic from an existing
base station to an {BS, the wireless service provider can reduce the cost of maintaining its backhaul connection to
an existing base station. In some cases, wireless service providers can use {BS o offer discount rates to customers
to encourage their use.

In one embodiment, the method of FIG. 4 may be performed by a computer such as computer 210 of FIG. As
such, the method of Figure 4 can be performed by a radio system level simulator or a comymercial radio planning
tool.

The method begins at step 410 where the computer receives information indicative of a wireless coverage area
associated with a base station within a geographic area. In one embodiment, the information may be any suitable
information indicative of a wireless coverage area. For example, the information can be similar to the information
of step 318 of FIG. As another example, the information can include any information that is received, used, or
determined during the methods of Figures 3 and/or 5. As another example, the information may be a selection of
a wircless coverage area within the geographic area and/or a selection of the geographic area.

At step 414, the compater identifies potential deployment customers to deploy the BS for these potential
deployment customers. In a particular embodiment, the computer can identify potential deployment customers
in any suitable manner. In one embodiment, potential deployment customers can be identified by receiving an
indication from a potential deployment customer. For example, a potential deployment customer may contact a
wireless service provider to learn about femtocell services or install femtocell services. As another example, a
computer can identify potential deployment customers by randomly selecting addresses from a subset of
potential customers. The address of a subset of potential customers can be retrieved in any suitable way, such as
by U.S, Information from the Census Bureau, or through defailed maps such as those available from online map
resources. In one embodiment, the random selection of the address may be based on the probability of the order
discussed above. In another embodiment, the randorm selection of addresses may be based on a uniform random
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distribution of fernto cell subscriptions. The random selection can be limited to a particular focation within the
geographic area {e.g., where there is a weak wireless signal).

In one embodiment, the computer can identily potential deployment customers based on wireless usage data.
For exaruple, potential deployment customers may inclade existing customers with high capacity wireless service
usage in locations where {BS may be deployed. In particular, potential deployment customers may have high
capacity (e.g., high traffic or long term use) indoor usage of wireless services within the customer's home, office,
or any other suitable location where the {BS can be deployed. 1n one embodiment, by deploying {BS to a location
where existing customers have high capacity indoor wireless service usage, a significant portion of the customer's
wireless usage can be redirected through the {BS. This can reduce the amount of traffic directed through existing
hase stations, thereby increasing the performance of the wireless service. Moreover, because a significant portion
of the customer's wireless usage can now be redirected through the fBS {which uses the customer's network
access for the backhaul connection of the corresponding 8BS, without using the wireless service provider's
network access), the wireless The service provider is able o offer discounted prices to customers.

In one embodiment, any suitable method can be used to identify potential deployment customers based on
wireless usage data. For example, a computer can access and search for one or more databases that include
information about wireless usage data for existing customers. In one embodiment, the method of Figure 4 may
also include the step of computer generating information stored in these databases.

In another embodiment, the computer can identify potential deployment customers based on wireless
performance data. For example, a potential deployment customer may include an existing customer who is
subject to frequent drops of wireless service within a location where the fBS can be deploved. In particular,
potential deployment customers may experience frequent drops of wireless service in the custormer's home,
office, or any other suitable location where the {BS can be deployed. In one ernbodiment, deploying {BS to these
locations may improve wireless signal reception as potential deployment customers may experience frequent
drops of wireless service within a particular location.

In one embodiment, any suitable method can be used to identify potential deployment custorners hased on
wireless performance data. For example, a computer can access and search for one or more databases that
include information about wireless performance data for existing customers. In such an example, these databases
may include information about rmeasurements of the customer's wireless service, or may include a log of the
number of times the wireless service has declined for each customer. In one embodiment, the method of Figure 4
may also include the step of computer generating information stored in these databases.

In another embodiment, potential deployment customers can be identified by identifying potential deployrent
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locations within the geographic area. For example, a potential deployment customer may include an existing
customer associated with an address that falls within a location of a wireless coverage area where the wireless
service is unsatisfactory (e.g., the address is the address of their home, office, etc.). In one embodiment,
deploying {BS to these locations may improve wireless signal reception because potential deployment customers
may be located in areas that may prevent them from receiving sufficient wireless service.

In one embodiment, any suitable method can be used to identify these potential deployment customers. For
example, a wireless coverage area within a geographic area can be evaluated to identify locations where wireless
coverage provides unsatisfactory wireless service. In particular, the wireless zone can be evaluated to determine
locations with weak wireless signals, no wireless signals, and/or have insufficient wireless bandwidth. In one
embodiment, by identifying such locations, the compuier can identify potential deployment locations.
Moreover, once a potential deployment location is identified, in one embodiment, the computer can identify
potential deployment customers based on a comparison of potential deployment locations with location data
associated with current customers within the geographic region. For examiple, the computer can compare
potential deployment focations {eg, locations with weak wireless signals, no wireless signals, and/or locations with
insufficient wireless bandwidth) to the customer's address. In this example, if the custorver's address falls within a
potential deployment location, the customer can be identified as a potential deployment customer.

In one embodiment, to identify potential deployment customers based on potential deployment locations, the
computer can access and search for one or more databases that include information about wireless coverage areas
within the geographic area. For example, such a database may include performance parameters defermined in the
method of Figure 3. As another example, these databases may include any other suitable information determined
in the method of FIG. In yet another embodiment, to identify potential deployment customers based on
potential deployment locations, the computer can access and search for one or more databases including address
information. For example, such a database can include a list of existing customers (including addresses}. As
another example, such a database may include a list of addresses of people and communities that are not current
customers {(e.g., non-clients) of the wireless service provider, as included from U.S. A database of information
from the Census Bureau. In this example, the computer can compare these addresses to potential deployment
locations to identify these non-customers as potential deployment customers.

Ouce the potential deployment customer is identified, the method moves to step 418. At step 418, the computer
determines initial configuration parameters for deploying the {BS. In one embodiment, the initial configuration
parameters may include an operational mode of the BS, such as OSG, CSG, HSG, and the like. Other
parameters may include one or more constraints {e.g., transmit power, available spectrum, and/or channel, etc.)
for the wireless signals used by the {BS based on the {BS deployed for the identified potential deployment
customers. According to one embodirnent, the computer can determine these initial configuration pararneters
based on the likely deployment locations of the IBS. For example, if the {BS is to be deployed in the vicinity of
other wireless service users {such as other wireless users other than the customer who subscribes to the femto cell
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service), the computer can determine that the fBS should work in accordance with the CSG to prevent other
wireless service users from passing the {BS to receive their wireless service. As another example, if the fBS is to be
deployed in a commercial location {e.g., a coffee shop where all customers receive free wireless access), the
computer can determine that the fBS is operating as an OSG. In this way, customers of the store can casily access
the wireless services provided by the {BS.

In another embodiment, the initial configuration parameters may include whether the {BS can be deployed at all.
For example, if an {BS is to be deployed too close to another base station (e.g., MBS}, the {BS may interfere with
the wireless service provided by the base station and vice versa. In this way, the computer can determine that the

{BS cannot be deployed in this location.

In one embodiment, the method may end when it is determined that the BS cannot be deployed. In another
embodiment, upon determining that the {BS cannot be deployed, the computer can determine an alternate
location (eg, an alternate location at the same address) for the fBS to be deployed, or the computer can determine
another suitable solution (eg, identification can It is set to the {BS in the viciuity of the OSG or the base station is
deployed}.

Atstep 422, the computer generates a promotional bid. In one embodiment, the promotional offer is more
specific to potential deployment customers. For example, if the potential deployment customer is a premium
data user, the promotional bid can include a specitic price discount to encourage potential deployment
customers to sign up for the femtocelf service. The amount of price discount can be based in part on the amount
of data used by potential deployrent customers. In one embodiment, the computer can generate promotional
bids in any suitable manner. For example, the computer can use any suitable algorithm for generating
promotional bids. As another example, a computer may generate a promotional bid based on input from a user
of the computer or based on one ot more online sources.

In one emmbodiment, generating a promotional bid may also include the computer determining a pricing policy
for use in the promotional bid. In a particular embodiment, the computer can determine a pricing policy based
on the circamstances of each potential deployment customer. For example, if a computer identifies a potential
deployment cusiomer based on the high data usage of a potential deployment customer, the compuler can
determine a pricing strategy that takes into account high data usage. In this example, unlike existing base stations
{such as MBS}, potential deployment customers can receive discounts on wireless data sent over the fBS. As
another example, the computer can determine the pricing policy based on the mode of operation of the fBS. For
example, the pricing of fBSs operating on CSG may be more expensive than fBS operating on HSG or OSG.

In one embodiment, generating the promotional bid may also include prioritizing the potential deployment
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customer prior to generating the promotional bid. For example, in one ernbodiment, potential deployment
customers may be prioritized based on the extent to which the potential deployment customer's subscription o
the femto cell service may benefit the wireless service provider. In this example, if the subscription to the
femtocell service can be redirected by the {BS to a large portion of the data, unlike the existing base station, the
wireless service provider can be pressured from the wireless service provided by the existing base station. The
reduction is reduced to receive greater benefits. In this example, the potential deployment custorer can receive a
higher priority than another potential deployment customer that benefits the subscription to the femtocel
service, which is beneficial to the wireless service provider. In one embodiment, by prioritizing potential
deployment custotners, a higher priority potential deployment customer may first receive a promotional bid for
the femtocell service. In one embodiment, the differentiation of potential deployment customer prioritization
may also include the computer determining and comparing the benefits that the wireless service provider may

receive from the potential deployment customer's subscription to the femiocell service.

In one embodiment, generating the promotional bid may also include contacting the potential deployment
customer to provide the promotional bid. In one embodiment, the potential deployment customer can be
countacied by the computer in any suitable manuer. For example, a computer can generate an email ymessage to
send to a potential deployment castomer. As another example, a computer can generate a voicemail message for
delivery to a potential deployment custorner. In another embodiment, potential deployrnent custormers can
confact directly without a computer. For example, a computer can generate a notification about a promotional
offer and can also provide the notification to a wireless service provider employee. In this example, after receiving
the notification, the wireless service provider employee can contact the potential deployment customer. As
another example, a promotional bid may be transmitted o a potential deployment cusiomer viaan
advertisement posted to the address of the potential deployment customer.

Although the embodiment depicted in Figure 4 includes a particular number of steps depicted in a particular
order, it should be understood that other embodiments yoay have more, fewer, or different steps, and the steps

may be rearranged.

FIG. 5 fHlustrates a method for determining installation configuration parameters for an {BS, in accordance with a
particular embodiment. In one embodiment, the method can be reduced to the amount of time that may be
required to successfully deploy the [BS. For example, deploying 8BS typically takes up to a full day. In one
embodiment, the method may aliow for faster installation {and/or prior to deployment of the fBS) to determine
installation configuration pararneters. As a result, the time required to successfully deploy {via the wireless service
provider's technicians, or even through the actual customer) {BS can be reduced.

In one embodiment, the method of FIG. 5 can be performed by a computer such as computer 210 of FIG. As
such, the method of Figure 5 can be performed by a radio system level simulator or a commercial radio planning
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tool.

The method begins at step 518, where the computer receives a request to deploy an BS. The request can be any
suitable type of request to deploy the fBS. For example, the request may be in the form of a potential deployment
customer accessing a wireless service provider's store or retail center, a phone call, an email ;message, a request via
mail, an online ordering request, or any other suitable type of request. The request may also be a request for any
suitable question associated with deploying the {BS. For exarnple, the request may relate to potential deployment
custorners having difficulty installing the BS, potential deployment customers wanting to subscribe to the
femtocell service, potential deployment client requesting information about the femtocell service, or any other
suitable associated with deploying the fBS request. In one embodirnent, the computer can receive the request in
any suitable manner. For example, the request can be recetved directly or indirectly by a computer, via an online
submission of a potential deployment customer. As another example, a wireless service provider employee can
enter the request into a computer after receiving a request from a potential deployment customer (e.g., during a
telephone call with the potential deployment customer).

At step 514, the computer determines if the fBS can be deployed. The computer can make this defermination
based on any suitable information. For example, a request to deploy an {BS may include address information for
a potential deployment customer. Thus, based on the address information, the computer can determine that the
{BS is not allowed to be deployed at the address or at a particular location associated with the address. In
particudar, if the fBS is deployed too close to another base station (e.g., MBS}, thereby causing interference, the
1BS may not be allowed to be deployed. As another example, the request to deploy a femto base station may
include information about Internet services and/or wireless connections available or ordered by potential
deployment customers. Similarly, the corputer can determine that potential deployment customers are not able
to receive Internet access {or sufficient Internet access) for fBS operations. As another example, the computer can
make a determination as to whether to allow the fBS based on one or more simulations (as discussed below for
step 518).

In one emmbodiment, the method may end when i is determined that the {BS may not be allowed. In another
embodiment, upon determining that the {BS may not be allowed, the computer may determine an alfernate
location (eg, an alternate location at the same address) for the 1BS to deploy, or the computer may determine
another suitable solution (eg, identification) It can be set to {BS pear the 03G).

{On the other hand, when it is determined that the {BS is allowed {or if the computer does not have enough
information to make an appropriate determination}, the method moves to step 518. At step 518, the computer
determines the installation configuration parameters for the {BS. The installation configuration parameters can
include any suitable configuration parameters for successfully deploying the fBS at a particular location. For
example, the installation configuration parameters may include an operational mode of the fBS (CSG, OSG,
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HSG. ete.}. Moreover, the instalfation configuration parameters can include wireless parameters based on
characteristics of the wireless coverage area, such as any suitable physical layer (PHY) and/or medium access
control laver (MAC) configuration parameters. Additionally, the installation configuration parameters may
include parameters for backhaul connections to the air interface or {BS.

The computer can use any suitable method o determine the installation configuration. In one embodiment, the
computer may be based on on-site access to a location where the fBS can be deployed, such as a residential,
office, or commercial enterprise potentially deploying a customer {which may require more than one {BS to
provide satisfactory wireless service). To determine the installation configuration parameters. During a live visit,
the wireless service provider's technician can create a video recording of the location, such as the indoor
environment and layout at that location. Moreover, the wireless service provider's techuicians can also take
detailed measurements of the location. The computer can then utilize video recording and/or measurement to
create a three-dimensional layout of the location using any suitable computer program, such as computer vision.
In another embodiment, the three-dimensional layout of the location can be created independently of the
computer and can then be entered into the computer. Once the computer has a three-dimensional layout of the
location, the computer can run one or more simulations that deploy the 1BS. In one embodiment, these
simulations may include simulations of propagating wireless signals to and from the {BS in the three dimensiounal
layout. In one embodiment, the computer can then cornbine the simulation {(and the data collected from the
sirmulation) with detailed measurements taken hy the wireless service provider's techuician during the live visit. In
one embodiment, based on the combination, the computer can determine the installation configuration
parameters and placement of the fBS. Once these installation configuration parameters have been determined by
the computer, the wireless service provider's technician can return to the location of the potential deployment
customer and utilize the installation configuration parameters to properly deploy the fBS at that Iocation, or the
potential deployment customer can use the installation configuration parameters. Successfully deployed fBS.

In another embodiment, the computer can determine installation configuration parameters based on empirical
modeling. Empirical modeling can include modeling performed using a spatial channel model (SCM) or any
other suitable empirical modeling method.

In one embodiment, to wtilize empirical modeling to determine initial configuration parameters, the computer
can create various teraplates for use in simulating the deployment of {BS. These templates can be created for
various types of locations and various types of environments. For example, the template may be created for large
buildings, small buildings, high altitude locations, low altitude locations, locations close to existing base stations,
and/or any other suitable type of location or environment. In a particular embodiment, these templates may
represent a general fype of focation or environment. In one embodiment, these templates may utilize geographic
information such as three-dimeunsional measurements of a particular location, and also utilize detailed details
such as RayTracing and/or Finite-Difference Time-Domain (FDTD). Modeling methods to create. Because
these detailed modeling methods are time consuming methods, these templates can be pre-created for computers
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that need them (o determine initial configuration parameters.

After creating these templates, you can use empirical modeling (o train these templates. This empirical modeling
can result in the determination of the modeling parameters for each template {resulting in the determination of
the modeling parameters for each of the different location types and different environmental types exhibited by
these templates). In one embodiment, training the template can include empirical modeling of a template
multiple times. In such an embodiment, the modeling parameters generated during each empirical modeling
period can be averaged to determine more realistic modeling parameters for these templates.

Ouce these templates have been created and trained, they can be stored, such as in a database accessible to the
computer. In one embeodiment, storing the templates may include classifying the templates based on geographic
information (e.g., three-dimensional location information, terrain, land coverage, etc.}. This type of classification
allows for the classification of these templates based on different location types and different environment types.

In one embodiment, o utilize empirical modeling to determine initial configuration parameters, the computer
may select one or more of these templates for use in simulating the deployment of the fBS. In one embodiment,
geographic information {eg, three-dirensional location information, terrain, ferrestrial coverage, etc.) and/or
geometric information (eg, building structure, floor plan, etc.) associated with the location of the femto base
station to be deployed may be utilized. To choose a template. This information can be determined in any suitable
manner. For example, the computer can determine this information based on the address of the location where
the {BS is to be deployed. In particular embodiments, this may include extracting three-dimensional information
from online map resources such as Google Maps or Bing Maps. In one embodiment, the geographic and/or
geometric information may simply be geographic and/or geometric information associated with the outdoor
layout of the location rather than the indoor layout. In one embodiment, it may be associated only with an
indoor layout or with both indoor and outdoor layouts.

Using the geographic information and/or georetric information associated with the location where the fBSis to
be deployed, the computer can select a template to use as a model for that location. In particular embodiments,
such selection may include determining which template's geographic and/or geometric information is most
similar to the geographic and/or geometric fnformation of the location where the {BS is to be deployed. This
determination can be made by searching for the classification in the database in which these templates are stored.

After selecting the appropriate template, the computer can then simulate the deployment of the {BS based on the
template and the modeling parameters of the template. In one embodiment, the coraputer can determine
installation configuration parameters based on the simulation. For example, a computer may utilize various
operational modes (CSG, OSG, HSG, etc.) of a femto base station, various wireless parameters (such as any
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suitable PHY and/or MAC parameters), and/or various air or backbaal connections. Parameters to siroulate the
deployment of {BS. In one embodiment, the simulation can include another empirical modeling.

In one embodiment, determining configuration installation parameters based on empirical modeling and
templates yoay result in more accurate installation configuration parameters than installation configuration
parameters that would typically result from empirical modeling itsell. For example, empirical modeling is not as
detailed as ray tracing and FDTD modeling techniques. However, empirical modeling is faster than those with
more detailed modeling techuigues. Thus, by cornbining empirical roodeling with teraplates that are created
using detailed modeling of general location and environment types, an accurate set of installation configuration
parameters can be determined in a short amount of time.

As explained above, Figure 5 iHustrates steps 514 and 518 that occur after the computer receives a request (o
deploy an fBS. Such an embodiment of Figure 5 may be referred to as "online operation.” According to one
embodiment of the online operation, one or more steps of FIG. § may occur when a potential deployment client
waits for the outcore of the method. For example, potential deployment customers can call a customer service
representative after encountering difficulties with deploying {BS. The customer service representative can then
direct the computer to perform one or more of steps 514-518 while the potential deployment customer is still
talking to the customer service representative. Once these steps are completed, the customer service
representative can use the determinations of steps 514-518 to explain to the potential deployment customer how
to successiully deploy the fBS.

In another embodiment of the ouline operation, one or more of the steps in Figure 5 may occur after the
computer receives a request to deploy the fBS. For examiple, a potential deployment customer can submit a
request for a femtocell service. Based on the request, one or more of steps 514-518 can be performed. The resulis
of one or more of the steps in Figure 5 can then be transmitted to potential deployment customers at a later time.
This transmission may take the form of an email message, a return telephone call, or any other suitable form of
transnission. The results of one or more of the steps in Figure 5 can be used to configure the 1BS prior to
shipping the fBS or otherwise delivering it to a potential deployment custorer.

In another embodiment, steps 514-518 of Figure 5 may be performed by the computer before the computer
receives a request to deploy the {BS. Such an embodiment of Figure 5 may be referred 0 as "offline operation.”
According to one embodiment of the offline operation, one or more of steps 514-518 of Figure 5 may occur
before the potential deployment client provides a request to deploy the fBS. For example, a computer can assume
that a potential deployment customer intends to ultimately subscribe to a femto cell service. Based on this
assumption, the computer can perform one or more of steps 514-518 of Figure 5 such that the resuls of these
steps may have been known before the time when the potential deployment client actually provided the request
o deploy the {BS.
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In one embodiment of offline operation, the computer can use various databases to determine potential
deployment customers to perform the steps of Figure 5. Such a database may include an existing customer
database, a previous customer database, a non-customer database, or any other suitable database that may
include information about potential deployment customers. In one ernbodirent, the computer can utilize any
suitable method to identify potential deployment customers. For example, a computer may use a potential
deployment customer identified or determined in Figures 3 and/or 4. As another example, a computer can
identity potential deployment customers by randomly selecting potential deployrent customers from any
suitable database.

In one embodiment, after the computer identifies the potential deployment customer, the computer can use any
suitable information associated with the potential deployment customer (eg, the address of the potential
deployment customer) to determine whether the {BS is allowed to be associated with the potential deployment
customer. At the location, and also determine the installation configuration parameters for the fBS {(according to
steps 514-518). Once these determinations are yoade by the computer, these determivations can be stored {e.g..
stored at a computer or at a computer accessible database)}. Thus, as discussed in step 518, when the computer
receives a request to deploy the fBS, the computer can retrieve the stored determinations and provide these
determinations so that the deployment of the {BS can be performed more quicldy.

In another embodiment, the method of FIG. § may also include the step of a computer determining a pricing
policy for the {BS. For example, based on the installation configuration parameters, the computer can determine
a more accurate pricing strategy for potential deployment customers. As such, when a potential deployment
customer requests to deploy an {BS. a more accurate price can be provided to the potential deployment
customer,

Although the embodiment depicted in Figure 5 includes a particular number of steps depicted in a particular
order, it should be understood that other erobodiments may have more, fewer, or different steps, and the steps
may be rearranged.

In one embodiment, each of the methods lustrated in Figures 3-5 can be a separate, independent method. In
another embodiment, each of the methods of Figures 3-5 can be performed in combination with each other. As
an example, one or more steps of one of the various methods ilustrated in Figures 3-5 can be performed with
one or more of any of the other methods of Figures 3-5. In particular, the steps of the method of Figure 3 can be
performed prior to the steps of the method of Figures 4-5. Once the steps of Figure 3 have been performed, the
compuier can perform the steps of the method shown in Figure 4. Moreover, after the computer has performed
the steps of the method of Figure 4, the computer can then perform the steps of the method of Figure 5. In
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another embodiment, after the computer performs the steps of the method of FIG. 3, the computer can move
directly to the steps of the method of FIG. 5, thereby bypassing the methed of FIG. In another embodiment, the
computer may return to any of the other methods of Figures 3-5 after one or more of the methods of Figures 3-5
have been performed. For example, after the computer performs the steps in the method of FIG. 5, the computer
can return to one or more of the methods of FIG. 4 to further promote the femtocell service.

A person skilled in the art can determine many other variations, substitutions, variations, changes and
modifications of the inventions.
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E .

A method comprising the steps of:

Receiving information indicative of a wireless coverage area associated with each of a plurality of base stations
within the geographic area;

Determining threshold performance requirements within the geographic area;

Simulating deployment of at least one femto base station within the geographic area;

Determining at least a first performance parameter based on a simulated deployrment of the at least one femto
base station within the geographic area;

A deployment suggestion is generated based at least on the first performance parameter and the threshold
performance requirement, the deployrnent suggestion indicating whether the at least one femto base station is
deployed within the geographic arca.

2.

The method of claim 1 wherein the step of generating a deployrent suggestion comprises the step of comparing
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the first performance parameter {o the threshold performance requirernent, the deployment suggestion
indicating:

Deploying the at least one femto base station if the first performance parameter is greater than the threshold
performance requirernent;

The at least one femto base station is not deployed if the first performance parareter is less than the threshold
performance requirement.

3.
The method of claim 1

The method also includes the following steps:

Simulating deployrment of af least one additional base station within the geographic area, the at least one
additional base station not being a femto base station;

Determining at least a second performance parameter based on the simulated deployment of the at least one
additional base station within the geographic area;

Comparing af least the first performance parameter and the second performance parameter;

The generating the deployment suggestion is further based on comparing the first performance parameter with
the second performance parameter.

4.
The method of claim 3,

The method also includes the following steps:
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Simulating at least a first cost parameter for deployment of the at least one femto base station within the
geographic area;

Determining at least a second cost parameter based on the simulated deployment of the at least one additional
hase station within the geographic area;

Comparing at least the first cost parameter and the second cost parameter;

The generating the deployment proposal is further based on comparing the first cost parameter with the second
cost parameter.

5.

The method of claim 1 wherein the step of determining a threshold performance requirement within the
geographic area comprises the steps of:

Receiving demographic information associated with the geographic area;

The threshold performance requirement is determined based at least on the demographic information associated
with the geographic area.

8.
The method of claim 1 further comprising the step of determining whether o share one or more of said at least
one femito base station with one or more base stations deployed within said geographic area Wireless chanuel.

~

{.
The method of claim 1 further comprising the step of generating at least one pricing policy associated with
deploying said at least one femto base station within said geographic area.

8.

A device comprising:
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An interface configured {o receive information indicative of a wireless coverage area associated with each of a
plurality of base stations within the geographic area; and

a processor coupled to the interface and configured to:

Determining threshold performance requirements within the geographic area;

Simulating deployment of at least onie femto base station within the geographic area;

Sirnulating at least the first performance parameter for the deployment of the at least one fernto base station
within the geographic area;

A deployment suggestion is generated based at least on the first performance parameter and the threshold
performance requirement, the deployrnent suggestion indicating whether the at least one femto base station is
deployed within the geographic area.

9.

The apparatus of claim 8, wherein the processor configured to generate a deployment suggestion is further
configured to compare the first performance parameter to the threshold performance requirernent, the
deployment suggestion indicating:

Deploving the at feast one fermto base station if the first performance parameter is greater than the threshold
performance requirement;

The at least one femto base station is not deployed if the first performance parameter is less than the threshold
performance requirerment.

10.

The apparatus of claim 8 wherein said processor is further configured to:

Sirnulating deployment of at least one additional base station within the geographic area, the at least one
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additional base station being not a femio base station;

Determining at least a second performance parameter based on the simalated deployment of the at least one
additional base station within the geographic area;

Cormparing at least the first performance parameter and the second performance parameter:

The processor configured to generate the deployment suggestion is further configured to generate the
deployment suggestion based on a comparison of the first performance parameter and the second performance
parameter,

i1

The apparatus of claim 10 wherein said processor is further configured (o

Determining at least a first cost parameter based on the simulated deployment of the at least one femio base
station within the geographic area;

Determining at least a second cost parameter based on the simulated deployment of the at least one additional
base station within the geographic area;

Comparing at least the first cost parameter and the second cost parameter;

The processor configured (o generate the deployment suggestion is further configured {0 generate the

deployment proposal based on a comparison of the first cost parameter and the second cost parameter.

12.

The apparatus of claim 8§ wherein said processor arranged to determine a threshold performance requirement
within said geographic area is further configured to:

Receiving demographic information associated with the geographic area;
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The threshold performance requirement is determined based at least on the demographic information associated

with the geographic area.

13.
The apparatus of claim 8, wherein the processor is further configured (o determine whether to share one or
between the at least one femto base station and one or more base stations deployed within the geographic area

More wireless channels.

4.
The apparatus of claim 8, wherein the processor is further configured to generate at least one pricing policy
associated with deploying the at least one femto base station within the geographic area.

i5.
Cne or more compuier readable non-transitory storage media comprising software, the software being arranged

to be executed by a processor:

Receiving information indicative of a wireless coverage area associated with each of a plurality of base stations

within the geographic area;

Determining threshold performance requirements within the geographic area;

Simulating deployment of at least one femto base station within the geographic area;

Determining at least a first performance parameter based on a simulated deployment of the at least one femto

hase station within the geographic area;

A deployment suggestion is generated based at least on the first performance parameter and the threshold
performance requirement, the deployment suggestion indicating whether the af least one femto base station s
deployed within the geographic area.

16.
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The medivm of claim 15, wherein the software configured (o generate a deployment suggestion upon execution
is further configured to compare the first performance parameter to the threshold performance requirement
when executed, the deployment suggestion Instructions:

Deploving the at least one fernto base station if the first performance parameter is greater than the threshold
performance requirement;

The at least one femto base station is not deployed if the first performance parameter is less than the threshold
performance requirement.

17.

The medium of claim 15 wherein said software is further configured to, when executed,

Simulating deployment of at least one additional base station within the geographic area, the at least one
additional base station being not a fernto base station;

Determining at least a second performance parameter based on the simulated deployment of the at least one
additional base station within the geographic area;

Comparing at least the first performance parameter and the second performance parameter;

Wherein the software configured to generate the deployment suggestion upon execution is further configured to
generate the deployment suggestion based on a comparison of the first performance parameter and the second
performance paramefer when executed.

18

The medium of claim 17 wherein said software is further configured to, when executed,

Determining at least a first cost parameter based on the simulated deployment of the at least one femto base
station within the geographic area;
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Determining at least a second cost parameter based on the simulated deployment of the af least one additional
base station within the geographic area;

Comparing at least the first cost parameter and the second cost parameter;

The software configured to generate the deployment suggestion upon execution is further configured to generate
the deployment suggestion based on a comparison of the first cost parameter and the second cost parameter
when executed.

19.
The medium of claim 15 wherein said software arranged to determine a threshold performance requirement
within said geographic area is further arranged to be executed:

Receiving demographic information associated with the geographic area;

The threshold performance requirement is determined based at least on the demographic information associated
with the geographic area.

20.

The medium of claim 15 wherein the software is further configured (o, upon execution, determine whether to
share between the at least one femto base station and one or more base stations deployed within the geographic
area One or more wireless channels.

21.
The medium of claim 15 wherein the software is further configured o, when executed, generate at least one
pricing policy associated with deploying the at least one femto base station within the geographic area.
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A method for connacting a mobile cient 1o a wirsless network includes periodically

riggering an accass point scanning process 80 as o monitor an access point density of
a wireless network. A frequency of the triggering is adjusted in response 1o a change in

e access point density.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, complete, refiable or
{it for specific purposes. Critical decisions, such as commercially relevant or financial decisions, should not be
based on machine-translation outpud.

DESCRIPTION CN102907141

The present disclosure relates to methods, apparatus, and systems for connecting a mobile client to a wireless
network. A method for connecting a mobile client to a wireless network includes periodically triggering an access
point scanning process to monitor the access point density of the wireless network. The frequency of the trigger is
adjusted in response to changes in the density of the access points.

Method, device and system for connecting mobile client to wireless network

Technical field

The present invention relates generally to wireless networking and, more particularly, to methods, apparatus, and
systems for providing wireless connectivity to mobile clients to optimize power savings. wireless access
opportunities, and end-to-end performance.

Background technique

With the growing popularity of Internet-enabled mobile devices and the excess of mohile web applications in
use, data consumption on smartphones has skyrocketed in the past few years. Many carriers have reported an
alarming increase in mobile data traffic. Although in countries including the US, the flat rate plan helps with the
largest data fimits, users around the world continue to join the usage-based program.

Wi-Fi-based wireless mesh networks offer high bandwidth and are often cheaper, and are another option for

28-10-2019 1 TP Link Ex. 1004
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mobile Internet users, and are a good choice for service providers to offload mobile data traffic. For a satisfying
user experience, mobile Internet applications like latency-sensitive I telephony need to guarantee seamless
connectivity within areas with wireless coverage. However, due to the reconnection required for user mobility
and the short transmission range of the Wi-Fi network, this is a burden on the batiery of the mobile phone.
Specifically, in order to maximize the use of Wi-Fi opportunities, the mobile host must (i} frequently scan the
ISM spectrurn band for a list of available Wi-Fi networks, and (i) proactively probe the wireless link to identify
the most Good access networks or access points (APs), and (ifi) proactively migrate their current associations to
other APs that provide high throughput. Al of these tasks are critical to the battery life and connectivity of

mobile hosts,

There are several inherent challenges (o maximizing Wi-Fi usage for battery-limited mobile client utilization.
Periodic scanning of Wi-Fi networks can help identify available networks. Determining the optimal scan
frequency for optimizing battery life and Wi-Fi connection opportunities is challenging. Cell-assisted range-
based scanning provided by existing cellular service providers suffers from the unpredictability of cellular signals
or the density of changes in cell towers. Some existing devices use Received Signal Strength (RSS) based
scanning, which relies on fixed thresholds when friggering AP scans and is not flexible enough to take advantage
of the variable Wi-Fi provided by wireless miesh networks. Access opportunities. There are also some existing
devices that utilize history-based scanning and correlation control, which requires energy-intensive computing

and position tracking.

In a wireless mesh network (WMN), a mobile client can receive signals from a plarality of mobile APs belonging
to the network and can select one of the APs to access the WMN. Therefore, it is desirable to choose an AP that
provides the best user experience or performance for the mobile client. Existing systems primarily utilize a signal
strength based mechanism to classify APs, where the mobile client is associated with an AP that provides
maximum received signal strength (RSS) at the client.

However, simply selecting an AP based on signal strength can result in an fncrease in congestion on the selected
AP, thereby causing poor performance for the end user. Moreover, signal strength is not ap accurate indication
of channel conditions in a wircless network. Therefore, even if the signal strength received from one AP is high,
this may not correctly indicate the current performance level of the AP,

Summary of the invention

It is an ohject of the present invention to overcome the above mentioned deficiencies.
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The present invention provides a method for providing a wireless connection to a mobile client. The method
includes periodically triggering an access point scanning process to monitor an access point density of the
wireless network and adjusting the frequency of the trigger in response to changes in the density of the access
point.

The method can also include the steps of decreasing the trigger frequency in response to a decrease in access
point density and/or increasing the trigger frequency in response to an increase in access point density.

Advantageously, the method can include the step of monitoring at least one motion of the mobile client and
adjusting the trigger frequency in response (o at least one motion of the mobile client.

Preferably, the method includes the step of determining a speed of the at least one motion of the mobile client;
and increasing the trigger frequency in response to the increasing speed.

In a preferred embodiment, the method includes the step of reducing the trigger frequency inresponse to a
decrease in speed.

Preferably, the method includes the step of detecting the motion of the mobile client by an accelerometer placed
in the mobile client.

Advantageously, the method further comprises the steps of:

Detecting one or more access points in the area in which the mobile client is focated;

Monitoring at least link quality and load characteristics of the wireless network;

In response o at least the link quality and load characteristics of the wireless network, one of the detected one or
more access points is selected to connect the mobile client to the wireless network.

In a preferred embodiment, the wireless network is a wireless mesh network comprising a plurality of access
points, wherein another network entity is connected to one of the plurality of access points, and wherein one or
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more of the detected Each of the access points is associated with a path connecting the corresponding access
point and another network entity over the wireless mesh network, each path having one or more nodes selected
from the plurality of access points;

The method also includes;

Determining connection quality and load characteristics of each path associated with each of the detected one or
more access points over the wireless mesh network;

The access point is selected according to the connection quality and load characteristics of the path.

Preferably, the method comprises the steps of:

Ranking the detected one or more access points based on their connection quality and Ioad characteristics of the
associated path through the wireless mesh network; and

The access point is selecied according to the rating.

The above mentioned technical problem is also solved by a computer readable medium having computer
readable code stored thereon, which when the code is executed by one or more digital processors, indicates that
the one or more digital processors are mobile The chient provides a wireless connection, the computer readable

code comprising:

An instruction that periodically triggers an access point scanning process to monitor the access point density of
the wireless network; and

An instruction to adjust the trigger frequency in response to a change in the density of the access point.

Preferably, the computer code further comprises:
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An instruction (o monitor at least one motion of the mobile clent; and

An instruction to adjust the trigger frequency in response to a change in af least one motion of the mobile client.

Advantageously, the computer code may further comprise:

An instruction to receive a motion signal from an accelerometer placed in the mobile client; and

An instruction to move at least one motion of the mobile client is determined from the motion signal.

In a preferred embodiment, the computer code further includes:

An instruction to detect one or more access points in an area in which the mobile client is located;

An instruction to measure at least link quality and load characteristics of a wireless network; and

The one of the detected one or more access points is selected to connect the mobile client to the wireless network
based on at least the link quality and load characteristics of the wireless network to maximize end-to-end
performance of the wireless connection.

The above mentioned technical problem is further solved by a mobile client connected to the wireless network
through one or more access points. The mobile client includes:

a scanning module configured to periodically frigger an access point scanning process {0 monifor an access point
density of the wireless network; and

The adjustment module is configured to adjust the frequency of the trigger in response to a change in the density
of the access points,
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Preferably, the mobile client further includes:

a sensor configured to generate a motion signal indicative of at least one motion of the mobile client; and

a mobility monitor configured to monitor at least one motion of the mobile client by the motion signal,

The adjustiment module is further configured to adjust the frequency of the trigger in response to a change in the
at least one motion of the mobile client.

Advantageously, the mobile client can include an association module configured to monitor at least link quality

and load characteristics of the wireless network and to select an access point based on at least the link quality and
load characteristics of the wireless network, To connect mohile clients to the wireless network to maximize end-

to-end performance of wireless connectivity.

Preferably, the scanning module is configured to monitor the received signal strength of the wireless signal
received by the mobile client, wherein the mobile client may further include:

a migration module configured to migrate the mobile client from the first access point to the second access in
response to at least one of a change in motion of the mobile client, a change in density of the access point, and a
change in received signal strength point.

The above mentioned technical problem is further solved by a system for providing a mobile client with a wireless
connection to a wireless network. The system includes:

Multiple access points distributed over a wireless network; and

A mobile client configured to periodically trigger an access point scanning process to monitor an access point
density in an area in which the mobile client is located, the mobile client being further configured to respond to
changes in access point density And adjust the frequency of the trigger.

Preferably, the mobile client is configured to monitor at least one motion of the mobile client and is configured to
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adjust the frequency of the trigger in response {0 changes in the movement of the mobile client.

Advantageously, each of said plurality of access points is configured to measure at least link quality and load
characteristics of the wireless network and is configured to transimit measurements indicative of said link quality
and load characteristics to the mobile client end.

In a preferred embodiment, the mobile client is configured to receive measurements of link quality and load
characteristics, and when the mobile client detects one or more access points of the wireless network, the mobile
client is configured Depending on the measurernent of the link quality and load characteristics of the wireless
network, one of the defected one or more access points is selected to roaximize the end-to-end performance of
the wireless connection.

DRAWINGS

1 depicts a wireless network environment in which various embodiments of the present invention are practiced;

2A is a schematic diagram showing an embodiment of the mobile client shown in FIG. 1;

2B is a schematic diagram showing another embodiment of the mobile client shown in FIG. 1;

3 is a schematic diagram showing an embodiment of the wireless access point shown in FIG. 1;

4A depicts a flow diagram of a method for triggering an access point sensing process at a mobile client;

48 #lustrates another emobodiment of a roethod of triggering an access point sensing process when a mobile chient
disconnects from a wireless network;

4C depicts another embodiment of a method of triggering an access point sensing process when a mobile client
counnects to a wireless network;
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5A depicts a flow diagram of a method of selecting an access point to access the wireless network depicted in FIG,
L

Figure 5B illustrates another embodiment of the method depicted in Figure 4B;

Figure € depicts the power consumption of a periodic access point scan with an adjustable trigger interval Ts;

Figure 7 depicts a performance comparison between a fixed threshold access point scan and an adaptable
threshold AP scan;

Figure 8A depicts the average number of new access points detected by the access point scanning process as the

mobile client moves;

8B depicts data samples collected from a built-in accelerometer on one embodiment of a mobile client with a
20% duty cycle under different motion behaviors;

Figure 8C depicis the measurement resulis according fo the present invention, which shows that the AP arrival
interval is accurately approximated as an exponential distribution;

9A depicts an optimal scan interval (T's} suitable for mobile client motion speed and AP density in accordance
with the present invention;

Figure 9B depicts the threshold distance of an AP scan as a function of the average AP deusity for each
probability value £ in accordance with the present invention;

Figure 9C depicts the energy savings provided by the motion based scan in accordance with the present
invention when compared to conventional fixed frequency triggering with a fixed trigger interval {Ts);

Figure 10 depicts the accuracy provided by passive probe estimation of link bandwidth in accordance with the

present invention;
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Figure 11 depicts an outdoor test bench topology for practicing embodiments of the present invention;

Figure 12A depicts performance improvements provided by one embodiment of the present invention as
compared to conventional fixed frequency scanning;

Figure 12B depicts energy savings provided by an embodiment of the present invention as compared {o
conventional fixed frequency scanning;

Figure 12C depicts the performance of density based scanning with different thresholds;

Figure 13 depicts throughput improvements provided by an embodiment of the present invention as compared
to conventional access point selection strategies;

Figure 14 depicts a round trip delay improvement provided by an embodiment of the present invention as
compared to a conventional access point selection strategy:

Figure 15 depicts the effect of weisht values w 1 and w 2 on throughput performance in accordance with the
g p g gnpur p
present nvention,

Figure 16 depicts throughpui and round-trip delay performance provided by an embodirnent of the present
invention practiced in an indoor fest bed as the number of mobile clients changes;

Figure 17 depicts the throughput and round-trip delay performance provided by an embodiment of the present
invention practiced on an cutdoor test bed as the number of mobile clients changes;

Figure 18 depicts the impact of traditional AP selection strategies on network throughput.

detailed description
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In some embodiments, the present invention provides an access point sensing {scanning) technigue that
maximizes wireless access opportunities for mobile clients while providing optimal power savings. Unlike
existing systerns that rely on expensive positioning mechanisins {eg, GPS) or war-driving, the present invention
provides low power sensors placed in mobile clients to maximize the use of wireless networks. The present
invention also provides an AP selection technique that selects an access point for a mobile client to maximize
end-to-end performance (o provide an optimal user experience.

According to another embodiment, the method includes defecting one or more access points within an area in
which the mobile client is located, monitoring at least link quality and load characteristics of the wireless network,
and responsive to at least the wireless network Link quality and load characteristics, selecting one of the detected
One Or More access poinis {o conmect the mobile client to the wireless network to maximize end-to-end
performance of the wireless connection.

According to some alternative embodiments, a computer readable medium having stored thereon computer
readable code is provided. When the computer readable code is executed by one or more digital processors, the
one or more digital processors are jnstructed to provide a wireless connection to the mobile client. The computer
readable code includes instructions for periodically triggering an access point scanning process for monitoring an
access point density of a wireless network and for adjusting a irigger frequency in response {o a change in access
point density to maximize a mobile client Instructions for energy saving and access opportunities.

In accordance with another embodiment, the computer code further includes instructions for detecting one or
more access points within a region in which the mobile client is located, instructions for measuring at least link
quality and load characteristics of the wireless network, and Selecting an access point from the detected one or
more access points based on at least the link quality and load characteristics of the wireless network to connect
the mobile client {0 the wireless network to maximize end-to-end wireless connectivity Performance instructions.

In still other alternative embodiments, a mobile client connected to a wireless network through one or more
access points is provided. The mobile client includes a scanning module configured to periodically trigger an
access point scanning process for monitoring wireless network access point deusity, configured to adjust a trigger
frequency in response to a change in access point density to maximize An adjustment modute for energy saving
and access opportunities for mobile clients.

In another embodiment, the mobile client includes an association module configured to monitor at least link
quality and load characteristics of the wireless network, and select one interface according to at least the link
quality and load characteristics of the wireless network Incoming points to connect mobile clients to the wireless
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network (o maximize end-to-end performance of wireless connections.

According to still further alternative embodiments, a system for connecting a mobile client to a wireless network
is provided. The system includes a plurality of access points distributed in a wireless network and a mobile client
counfigured {o periodically trigger an access point scanning process for roonitoring the density of access points
within the area in which the mobile client is located. The mobile client is also counfigured to adjust the frequency
of the trigger in response to changes in the deusity of the access points.

In another embodiment, each of the plurality of access points is configured to measure at least link conmmand
and load characteristics of the wireless network and configured {o fransmii measurements indicative of the liok
quality and load characteristics Go to the mobile client.

In still another embodiment, the mobile client is configured to receive measurements of link quality and load
characteristics, and when the mobile client detecis one or more access points of the wireless network, the mobile
client It is configured to select one of the detected one or more access points based on measurements of link
quality and load characteristics of the wireless network.

The various embodiments of the invention are described with reference to the drawings, in which the same
reference The scope of the invention is not Hmited by the scope of the invention, and the scope of the invention
is limited only by the scope of the appended claims. In addition, any examples set forth in this specification are
not intended to be imiting, but merely to illustrate some of the many possible embodiments of the claimed
invention. The invention may be embodied as a method or apparatus. Accordingly, the present fnvention can be
implemented in an entirely hardware embodiment, an entirely software implementation, or a combination of
software and hardware. Therefore, the following detailed description should not be construed in a limiting sense.

Throughout the specification and claims, the following teryms are to be used in the meanings As used herein, the
phrase "in one embodiment” does not necessarily mean the same embodiment, although it may be. The term "or”
as used herein is an inclusive "or” operator and is equivalent to the term "and/or” unless the context clearly
dictates otherwise. The terms "partially based on", "based at least in part on" or "based on" are not exclusive and
are permitted to be based on additional factors not described, unless the context clearly dictates otherwise. In
addition, throughout the specification, the meaning of "a" and "an" includes plural meaning. The meaning of "in"
includes "in" and "on".

Briefly, methods, apparatus and systems for connecting a mobile client to a wireless network are provided. Here,
wireless networks include, but are not limited to, Wi-Fi networks, Bluetooth networks, WiMAX networks, or
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any wireless network that conforms to industry standards such as IEEE 802.11, which is hereby incorporated by
reference in its entirety. Alternatively, the wireless network may be a propristary network that provides data
communication through multiple access points.

In general, the methods described herein provide access point sensing processes {e.g., scanning and association)
by considering the motion and behavior of the mobile client and the density of access points within the mobile
client’s tranismission range.

In particular, the mobile client periodically scans the chanuel to discover available wireless access points. Because
wireless access opportunities are subject (o spatial variations, such as mobile client motion and access point
density, the scanning frequency of the access point sensing process is adapted based on spatial variations o
conserve energy and maximize access opportunities. . Provides mobile clients with access point density and fine-
grained mobility information for sensing access points to maintain optimal power savings and wireless access
opportunities.

Moreover, the method also provides energy efficient access point sensing by optimizing a trade-off metric,
wherein the trade-off metric can be defined as the energy spent on wireless network discovery and
communication and transmitted to the mobile client. The ratio of all bits.

In addition, due to the unbalanced nature of wireless access opportunities, the methods described herein use
information about access network conditions and AP density at a given location, which allows mohile clients to
discover new access points, Wi-Fi networks. . For example, in a highly dense area with high average received
signal strength (RSS) where wireless access points are densely distributed, the mobile client can increase the
ruigration threshold to find better APs, while in sparsely distributed areas, They can reduce migration thresholds
to avoid migration overhead. Here, a migration, also referred to as handover, refers to the process of
disconnecting a mobile client froim an existing access point and connecting the mobile client to another access
point when certain conditions are met.

Mobile clients include, but are not Himited to, portable computers, cellular phoues, PDAs, and smart phones with
the ability to access wireless networks. The method includes periodically triggering an access point scanning
process for monitoring wireless network access point density and adjusting a frequency of triggering in response
to changes in access point density to maximize energy savings and access opportunities for the mobile client.

Hiustrative operating environment
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Figure 1 illustrates components of one embodiment of an environment in which the present invention may be
practiced. The invention is not necessarily required to all of the components, and varfations in the arrangement
and type of components may be made without departing from the spirit or scope of the invention. As shown, the
system 100 of FIG. 1 includes a wireless network 106 including a plurality of access points 134 and one or more
mobile clients 110A-C. In some ernbodiments, the wireless network 106 also includes an edge gateway 102 that
connects the wireless network 106 to an external network 114, such as the Internet, a local area network/wide area
network, a telephone network, or a cellular network.

In general, access points 104 are interconunected via a wireless link 112, and each link may include one or more
wireless channels centered af different transmission frequencies, such as 900 MHz or 2.5 GHz. Each link 112 can
provide one-way or two-way data transmission over one or more wireless channels. Moreover, as data is
transmitted from one access point to another, data passes through the wireless network 106 through a wireless
path, such as path 118, where the wireless network 106 is formed by one or more access points {nodes) . As
shown in FIG. 1, path 116, which is an exemplary embodiment of a wireless network path, may include one or
more hops, each hop being defined by a pair of neighboring nodes along the path. Data can be transmoitted across
the entire wireless path over the same wireless channel. Alternatively, the wireless channel used to transmit data
may vary from one hop to the next along the wireless path.

The edge gateway 102 provides an interface to the external network 114 in addition to functions similar to those
provided by the access point 104. These interfaces provide address translation and data conversion and
encapsitlation, which are well known in the art.

When a mobile client, such as 110A-C, enters the transmission range of access point 164, access point 104 can
provide a wireless connection 108 between the wireless chient and wireless network 106. Once the initial
connection is made, the access point may require authentication from the wireless client. Once the mobile client
is authenticated, it is allowed to move within the wireless network 106 without additional authentication.

Each of the mobile clients 110A-C is configured to pericdically scan an area within the transmission range of the
wireless signal to determine if there are any access points within the transmission range. The mobile client can
select one of the detected access points to access the wireless network 106. When the mobile client moves, the
network topology changes or the environment changes, and the mobile client can migrate from one access point
to another.

In general, mobile client 110 may actually include any mobile computing device capable of receiving data over a
network, such as wireless network 110, Such devices include portable devices such as cellular phones, smart
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phones, radio frequency (RF) devices, infrared devices, personal digital assistants (PDAs}, handheld conmputers,
laptops, wearable computers, tablets, and the like. An integrated device of one or more devices, and the like.

Blustrative mobile client devices 110A, 1188, and 118C

FIG. 2A illustrates one embodiment of a mobile client device 200 that can be included in a systern 100
embodying the present invention. Device 200 may inclade more or fewer components than those shown in
Figure 2A. However, the illustrated components are sufficient to implement the illustrative embodiments for
practicing the invention. For example, device 200 can represent one implementation of at least one of mobile
clients 1104, 110B, and 110C of FIG.

As shown in the figure, device 200 includes a processing unit (CPU) 222 that communicates with mass storage
230 via bus 224. The device 200 also includes a power source 226, one or more network interfaces 250, an audio
interface 252, a display 254, a keypad 256, a luminaire 258, and an input/output inferface 260, Power source 226
powers device 200. A charged or non-rechargeable battery can be used to supply power. Power can also be
provided by an external power source, such as an AC adapter or a charging dock that replenishes the battery
and/or charges the battery.

Device 200 can communicate with another computing device either directly or via wired/wireless network
interface 250. Network interface 250 includes circuitry for coupling device 208 to one or more networks and for
use with one or more communication protocols and techniques, including, but not Limited to Global Systern for
Mobile Communications (GSM), Code Division Multiple Access (CDMA), Time Division Multiple Access
(TDMA), User Datagram Protocol (UDP}), Transmission Control Protocol/Internet Protocol {TCP/IP), SMS,
General Packet Radio Any of the services (GPRS), WAP, Ultra Wide Band (UWB). IEEE 802.11 Wi-Fi, I[EEE
802.16 Worldwide Interoperability for Microwave Access (WiMAX), SIP/RTP, or a variety of other wireless
communication protocols. Network interface 250 is sometimes referred to as a transceiver, transceiver device, or
network interface card (NIC),

The audio interface 252 is arranged to generate and receive an andio signal, such as a human voice. For example,
the audio interface 252 can be coupled to a speaker and a microphone such that it can talk to other people
and/or generate an audio confirmation of an action. Display 254 can be a liquid crystal display (LCD), a gas
plasma, a light emitting diode (LED), or any other type of display used with computing devices. Display 254 may
also include a touch sensitive screen arranged to receive input from an object such as a stylus or a human finger.

Keypad 256 can include any input device that arranges to receive input from a user. For example, keypad 256 can
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include a button numeric dial, or a keyboard. Keypad 256 may also include command buttons associated with
selecting and transmitting images. Hluminator 258 can provide status indications and/or provide light.
Hluminator 258 can rernain active for a specific period of time or in response to an event. For example, when the
illuminator 258 is active, it can iluminate the butions on the keypad 256 from the back and remain in this state
while the device is powered. Moreover, when performing a particular action, such as dialing another device, the
iltaminator 258 can iluminate the buttons from behind i various modes. Hluminator 258 can also iluminaie a

light source located in a transparent or translucent housing of the device in response to an action.

Bevice 200 also includes an input/output interface 260 for communicating with an external device, suchasa
headset. Input/output interface 260 can utilize one or more communication technologies such as USB, infrared,
Bluetooth <TM>, and the like.

In terms of capabilities and features, the range of devices 200 is generally broad. For example, a cell phone can
have a numeric keypad and a few lines of monochrome LCD display on which only text can be displayed. In
another example, a web-enabled mobile device, such as a PDA, can have a touch-sensitive screen, a stylus, and a
few Hines of color LCD display in which both text and graphics can be displayed. In yet another example, a
multimedia enabled mobile device, such as laptop 110A, can include a multimedia application, such as a video
playback application, configured to render irnages, video through a ultimedia interface such as a color LCD or
LED screen or microphone. Stream, audio signal, etc. In still another example, device 200 can also include a
browser application configured to receive and display graphics, text, multimedia, etc., the browser application
can in fact eruploy any web-based language, including wireless application protocol messages (WAP). Wait. For
example, enabling browser applications to use Handheld Device Markup Language (HDML}, Wireless Markup
Language (WML}, WMLScript, JavaScript, Standard Generalized Markup Language (SMGL), Hypertext
Markup Language (HTML), Extensible Markup Language (XML} Wait to display and send information.

As depicted in FIG. 2, device 200 also includes a sensor 262 for monitoring the motion of the mobile client asa
result of user motion, such as walking, running, or cycling. In general, sensor 262 can generate a signal that
reflects the motion of the mobile client. Sensor 262 can convert the signal to digital data, which is then stored in
data siorage portion 244 of the memory or provided to CPU 222 for practicing the present invention. Sensor 262
can take many forms of accelerometers and is typically embedded in a mobile client.

Device 200 also includes a mobility monitor 246 that is configured to detect motion of the mobile client from
data generated by sensor 262. For example, the mobility monitor 246 can divide the data into a plurality of classes
including walking, rumning, and cycling and calculate the travel distance of the mobile device based on the
classitied athletic data.
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The device 200 also includes a scanning module 247 that can periodically trigger an access point scanning process
to detect if there are currently and how many access points are within the transmission range.

The device 200 also includes an access point association module 248 that can select an access point to connect
the mobile client {o the wireless network 106. The access point association module 248 can select an access point
based on various criteria, such as the link quality and load characteristics of the wircless network 106. The
association module 248 can also provide for the migration of mobile clients from one access point to another
based on similar criteria.

In FIG. 2A, mobility mounitor 246, scanning module 247, and access point association module 248 are
implemented as one or more computer programs including computer readable code stored in application
portion 242 of the mermory. These computer programs can be implemented by programming languages such as
C, C++, Java, and the like.

Alternatively, the various modules described above can also be implemented as hardware modaules, as depicted in
Figure 2B. In this embodiment, the device 280 that can also be used for the mobile client 110 includes a user
interface 281, a memory 282, a CPU 283, a sensor 288, a network inferface 289, and an additional mobility
monitor 284, a scanning module 285, and an associated module. 286 and migration module 287. According to
this emnbodiment, the modules are hardware components that include one or more circuits, which may be
dedicated circuits or general purpose programmable logic devices,

Hlastrative network node 104

FIG. 3 ilustrates one embodiment of an access point 300 that can be used in the wireless network 106 of FIG.
Access point 300 can include more or fewer components than those shown. However, the iltustrated
components are sufficient to disclose ilustrative embodiments for practicing the invention.

In particular, network device 300 includes a processing unit 312, a mass storage device, and one or more network
interface units 310A, 3108, and 310C (collectively referred to as "wireless interface unit 318"}, all of which are in
commurtication with each other via bus 322, The mass storage typically includes RAM 316, ROM 332, and one
or more permanent mass storage devices, such as hard drives, tape drives, optical drives, and/or floppy drives.
The mass storage stores an operating system 320 for controfling the operation of the access point 300. Any
general purpose operating system can be used. A basic input/output system ("BIOS™) 318 for controlling low
level operation of network device 300 is also provided.
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As iHlustrated in FIG. 3, network device 300 can also communicate with other access points 104 or mohile clients
110 via wireless network interface units 310A, 3108, and 310C, with wireless network interface units 310A, 3108,
and 310C being intended to include Various communication protocols such as TCP/IP, Wi-Fi, Bluetooth, etc.
are used together. Wireless network interface units 310A, 3108, and 310C are sometimes referred to as wireless
transceivers, transceiver devices, or network interface cards (NICs}. Each of the wireless units 318A, 310B, and
310C can operate in the same or different frequency ranges, such as 800 MHz, 2.5 GHz, or 5 GHz.

When the wireless interface unit 310 is in communication with another access point 104, it acts as a network
router for routing data through the wireless network 106. On the other hand, when the wireless interface unit 310
is in communication with the mobile chient 110, it acts as an access point (o allow the conuected mobile client to
access the wireless network 106. Thus, through the wireless interface units 310A, 3108, and 310C, the device 300

can act as both a wireless router and an access point.

The mass storage as described above illustrates another type of compuier readable medium, i.e., a computer
storage medium. As used herein, such computer readable storage medium refers to a physical, tangible device.
The computer readable storage medium can include volatile, nonvolatile, removable and non-removable media
for information storage, such as coruputer readable instructions, data structures, programs, implersented in any
method or technology. Module or other data. Examples of computer readable storage media include RAM,
ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital versatile disk (DVD) or other
optical storage, magnetic tape cassette, magnetic tape, magnetic disk storage or other ruagnetic storage A device,
or any other physical device that can be used to store desired information and that can be accessed by a

computing device.

RAM 316 may include one or roore data stores, which roay be used by access point 300 to store applications 350
and/or other data. RAM 316 can also be used to store database information. The mass storage also stores
program code and data. One or more applications 350 are loaded into mass storage and run by central
processing unit 312 on operating systemn 320. Exarnples of applications include link quality monitor 354 and
utilization monitor 356, customizable user interface programs, IPSec applications, encryption programs, security
programs, and the like.

The operation of link quality monitor 354 and utilization monitor 356 will be further described below.

Generalized operation of system 100
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Due to the unplanned deployment of access points {APs} and their smoall coverage, mobile users are frequently
disconnected from the AP, and therefore there is a need to actively discover wireless access opportunities. Even if
there are many open wireless APs 104 in a given area, there are black spots in the coverage area or throughput at
some locations is not very good for a satisfactory user experience. In order to discover wireless access
opportunities, mobile clients 110A, 110B, and 110C (collectively referred to as "mobhile clients 110") periodically
frigger an access point scanning process,

However, the access point scan consumes a significant arnount of energy in the mobile client 119, Figure 6 shows
the power consumption of the Wi-Fi scanning process in the GOOGLE G1 phone. The data shown in Figure 6
was measured experimentally at 20 samples per second using an Agilent 34410A digital multimeter. During the
experiment, all other applications and background services were turned off, so the energy consumption of the AP
scanning process was reflected in the data. As shown in the figure, the AP scan is expensive, about 1.1 | per scan
{ie, 00 mW x 1.3 seconds), mainly because it needs to scan the complete set of ISM channels and receive from all
neighboring APs. Multiple beacons. Due to its high energy consumption, the scanning process is triggered
periodically, which leads to energy spikes. The time interval Ts between each of the two peaks is determined by
the frequency of the trigger.

In accordance with an embodiment of the present invention, in order to waximize power savings (ie, reduce
power consumption)} while maintaining wireless access opportunities (ie, reducing scan errors}, provision is
made based on various conditions, such as density or movement of access points. The motion of the client to

adjust the frigger frequency.

In another embodiment, when the mobile clients 110A-C are exposed o a plurality of access points 104, the
present invention also provides a method of estimating network conditions to select the best AP. This also leads
to energy efficient data transmission. In particular, to provide estimation and association selection, systern 100
allows mobile clients 110A-C to collect information regarding wireless last hop (ie, client to AP) and mesh
backhaul (AP to gateway) conditions. Since a large number of data packets are seut to and from the AP, the prior
art utilizing active probing strategies is energy intensive. Unlike the prior art, mobile clients 110A-C in system 100
are allowed to wtilize the data collected from AP 104 to monitor network conditions without proactive
provisioning.

On the connection, the mobile host experiences link condition fluctuations, especially for the last hop of the
wireless, and they are subject to false triggering of AP sensing {eg. mobile hosts located in multiple AP
houndaries). Even in the absence of user movement, the state of the last hop of the wireless fluctuates with the
user's movernends or new obstacles. This often results in AP sensing being triggered more than it should be
triggered, resulting in frequent network probing and re-association. The reactive triggering of AP sensing can
save the associated overhead, but delayed sensing increases the chance of omission.
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According to another embodiment, system 100 provides a mechanism to trigger an AP scan based on a mobile
client's trigger probability (Pscan) and received signal strength (RSS) threshold. The trigger probability is
updated in response to the motion of the mobile client. The RSS threshold is updated in response to the density
of the AP. Triggering based on trigger probability reduces false triggering caused by RSS fluctuations due to
fading.

In areas with densely deployed wireless APs and high average RSS, mobile client 110 preemptively senses new
and/or better wireless access opportunities and performs migration to improve energy efficiency and end-to-end
in data transmission End performance.

Unlike existing systems that only trigger sensing and migration when the received signal strength (RSS) is below a
certain predetermined threshold, the mobile client 110A-C triggers in response to the motion of the mobile client
and network conditions such as AP density. Measurement and igration. In one embodiment of the invention,
the threshold for triggering the migration is adapted in response o at least one of motion and AP density. The
threshold can be adapted continuously or with discrete values.

Figure 7 illustrates a comparison between an embodirment of system 100 and a migration performance of an
embodiment of an existing system using a fixed R3S threshold. The embodiment shown here uses two discrete
values (-75 dBm and -85 dBm} to fit the RSS threshold, while the fixed threshold system uses -75 dBm as the RSS
threshold. In the exernplary embodiment, the RSS threshold is changed for different AP densities (high and low
density}. The mobile client triggers the migration only when the RSS from the current AP becomes lower than
the RSS threshold. Figure 7 shows the average RSS from the associated AP as the mobile client moves around the
indoor test rig, where the test rig has a high AP density area 712 and a low AP deusity area 714. As shown in the
figure, in the high AP density region 712, the exemplary embodiments of the conventional system and system 130
all produce a higher achievable user RSS with less migration overhead. On the other hand, in the low AP density
region 714, conventional systeros using high thresholds (-75 dBrm) result in significant energy costs and
disruptions due to increased number of migrations, while an exemplary embodiment of the system 100 with
adaptable RSS thresholds A relatively high RSS can be achieved with significantly less energy costs due to reduced
number of migratious.

In accordance with the embodiments as depicted in Figures 2A and 2B, various modules are provided for mobile
client 200 to scan, probe, correlate, and migrate across multiple wireless access points 104 of wireless network 106
to maximize Wireless access opportunities while saving energy costs per bit.
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In particular, to discover wireless access opportunities, the mobile client 200 uses fine-grained motion
information extracted from a low power sensor, such as an accelerometer, placed thereon. This mobile-centric
mobility detection helps avoid triggering expensive position tracking or war driving. The mobile client 200
provides a disconnection sensing process that adjusts the AP scan frequency as the mobile client 260 disconnects
from any AP, thereby maximizing the discovery of network opportunities with reduced energy costs. Mobile
client 200 also provides a connection sensing process that preemptively identifies and migrates mobile clients
from one access point to another to maximize wireless access opportunities. Also, the mobile client 2060 uses both
network status information and motion information to reduce erroneous association/migration triggers.

The mohile client 200 can be implemented on many different platforms, such as the Android framework using
Google's G Android Development Phoue (ADP) or Apple's iPhone or Microsoft's Windows Phone.
According to another embodiment, the modules depicted in Figures 2A-B can be implemented as a middleware
program that utilizes information from low power sensors located in mobile client 200 and interacts with other
COMPONENIS.

When executed by the mobile client 200, the program provides energy efficiency improvements in three aspects
of always-on wireless connectivity. First, sensor-assisted adaptive AP scanuing reduces the number of scans while
significantly reducing missed access opportunities. Second, network-aware association control saves exploration
overhead and further improves the accuracy of AP selection. Third, mobility-based adaptive migration helps the
mobile client 110 speculatively determine the optimal migration time,

Under the direction of this program, the mobile client 200 provides energy efficient AP discovery through the
following features.

Motion-aware access point sensing: The mobile client 200 collects information about its own physical motion
and combines this information with network conditions to optimize the AP sensing frequency or timing and
trigger or suppress AP sensing operations.

Use of low power sensors: Unlike existing motion detection methods based on GPS or cell tower 1Ds, which are
typically energy intensive or subject to inaccuracies, mobile client 200 uses onboard low power sensors such as
Accelerometer to infer motion and determine the trigger point.

Sensing when connected or disconnected: The mobile client 200 not only identifies the wireless access
opportunity when it is disconnected from the network, but also preemptively searches for better access when it
connects {o the existing access point. opportunity.
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Dynamic AP Sensing: The mobile client 200 spatially monitors the non-uniformity of wireless access
opportunities and dynamically changes its sensing parameters to improve network opportunity discovery and
improve energy efficiency.

Energy efficient access point sensing

As noted above, the physical location and motion of the mobile client 110 relative to the wireless network 106
affects the discovery of connection opportunities. Figure 8A shows the average number of new APs detected by
the AP scan when the user carrying the mobile client stands, walks and runs for five minutes along the urban
roadside. As shown in the figure, increasing mobility translates into a higher number of discovered wireless access
opportunities {i.2., the number of APs detected within an area within a time frame)}. In one embodiment, the
mobile client 200 adaptively changes its sensing frequency depending on its motion. For example, when the
onboard sensor 262 or 288 of the mobile client 110 detects that its user is not moving, the AP sensing is triggered
less frequently or even when the mobile client is not connected to any wireless network. The AP sensing process
is triggered more often when the sensor 262 or 288 detects that the user has walked through an area with a dense
AP distribution.

In another embodiment, user mobility is roonitored in an energy efficient manner by onboard sensors.
Furthermore, the motion information detected by the onboard sensors becomes available in real time to detect
access opportunities. In particular, sensor 262 or 288 includes a low power accelerometer sensor that detects user
motion. Such low power accelerometers are similar to those available in existing sysiems such as Apple's iPhone
and GOOGLE's G1 handset. Compared to high-power GPS sensors, low-power accelerometers require much
less energy for proper operation. Moreover, during monitoring of the motion of client 110, sensor 262 or 288
does not require external information, such as cellufar radio or Bluetooth signals, thereby providing several
benefits including controllability, accuracy, and less power consumption.

In operation, the mobility mouitor 246 or 284 periodically monitors the accelerometer values and classifies the
behavior of the user at a given time into classes such as walking, ranning, or standing,. This behavior-based
mobility estimation allows mobile clients to infer meaningful user behavior based on sensor readings, including
standing, walking, running, cycling, and driving,

FIG. 8B iltustrates an exernplary embodiment of an accelerometer-based behavior classification collected from a
GOOGLE G1 phone. The motion matrix (x, v, z) Is calculated by the mobility monitor 246 or 284 when the
mobile client is placed int a pocket and performs different behaviors {eg, standing, walking, and running), where
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%, y, and z Represents accelerorneter values along three axes based on accelerometer samples. In particular, the
accelerometer is periodically turned on {(eg, 1 second off for 4 seconds} and calculates the average of the samples
obtained during that time interval. As shown in the figure, the motion estimation generated by the mobility
monitor 246 or 284 accurately detects the user's behavior. In another embodiment, the user behavior
classification is based on a non-patent entitled "An algorithm for the evaluation of finite trigonometric series” by
G. Goertzel, vol. 65, pp. 34-35, 1958, Mathematical Monthly, 1958, The Goertzel method described in the
literature is hereby incorporated by reference in its entirefy.

According to another embodiment depicted in FIG. 4A. a method 460 of connecting a mobile client to a wireless
network is provided. In such an embodiment, the mobile client periodically triggers an access point transimission
process for monitoring the access point density (402 and 404) of the wireless network. Withio each sensing
interval, the mobile client further measures its motion (406). The frequency (sensing interval) is then dynamically
adjusted based on the motion of the mobile clent and the AP density to maximize power savings and wireless
access opportunities (408). When each transmission process is completed, the mobile client determines if any
APs are available (416). If no AP is available, the mobile client continues to the next trigger loop. Conversely, if at
least one AP is available, the mobile client selects an AP to access the wireless network (412) and proceeds to the
next trigger cycle. Alternatively, at step 412, if the current mobile client is connected to an AP, the mobile client
determines if migration is necessary to maximize end-to-end performance. If the migration conditions are met,
the roobile client migrates from the existing AP to the selected AP.

According to another emnbodiment, the mobile client 110 operates in a disconnected and connected mode.
Based on the mode of operation, the mohile client 110 triggers different AP sensing processes as shown in Figures
4B and 4C.

Access point sensing in disconnected mode

When disconnected from the wireless network 106, the scanning module 247 or 285 periodically triggers the
mobile client 110 to perform an AP scanning process to discover any access options. The AP scanning process
advantageously uses statistical observations from the wireless network. Based on the scan results obtained in the
past time window, the mobile client 110 can estirnate the local AP deusity and adapt the scan interval Ts (or
trigger frequency), thereby minimizing the detection of delays in the available wireless access points while
reducing the number of scans , thereby maximizing energy savings.

In designing a scanning technique that provides the advantages discussed above, two assumptions are made
regarding the behavior of wireless network conditions. First, the AP distribution follows the point Poisson
process, which has an average density p , ie, the number of APs per square meter, as written by D. Qiuetal. in
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Stantord University Technical Report February 2009, entitled " Physical Pseudo RandomFunction in Radio
Frequency Sources for Security, which is incorporated herein by reference in its entirety.

Second, as described in the non-patent literature entitled "Joint Effects of Radio Channels and Node Mohility on
Link Dynamics in Wireless Networks” by W. Wang et al., Proc. of IEEE Infocom, April 2008. This document is
hereby incorporated by reference in its entirety, assuming that the client-to-AP connection ifetime, that is, the
physical distance between the client and the AP is less than the time span of the effective transmission range, can
be approximated as an exponential distribution, ie, [image] where | nage] is the average speed of the mobile
client, and R is the common transmission range of the AP, assuming that the conumon transmission range of the
AP is a unit disc model well known in the art.

Given these assurnptions, the average arrival rate of the new AP is derived. Consider a mobile client that moves at
an average speed [image]. Then, the expected area covered by the mobile host during the time period (1,2} is
approximately [image]. Then, according to the assumption of the Poisson-distributed AP, the average arrival rate
of the new AP is [image] where ¢ is the average AP density.

b

Figure 8C shows the camulative distribution function (CDF) of the AP arrival interval. The figure clearly
indicates that this function can be approximated as an exponential distribution, thereby confirming the
assumptions discussed above. The gap between the experience and the approximation curve can be explained as
tollows. In practice, APs can be highly aggregated and may not follow the Poisson distribution inaccurately.
Irregularities in mobile client motion measurements can also cause such gaps. Based on the assumptions, the
availability of an access point can be modeled as a Markov model with two states, a disconnect (D) and a conmect
(C} state. The disconnected state means that there is no available AP that the mobile client 110 can connect to,
otherwise it will be connected. It should be noted that, according to the assumption, the AP arrival and departure
rates are given as [image] and [image], respectively. Thus, the state transition probability for such a two-state
model can be easily derived as A d = X and [image], where ) dand )\ care state transition probabilities for
D—Cand C—D, respectively.

Optimal scan interval (frequency)

Based on the connectivity model above, it may be determined to minimize missed wireless access opportunities
while maximizing the optimal scan interval (T's} for optimally energy efficient scan intervals. The missing access
opportunity is defined as the average score of the number of access times that are not detected by the mobile
client 110.
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In particular, for missed wireless access opportunities, consider a mobile client 110 that is disconnected from the
wireless network 106 and periodically scans the spectrum at intervals Ts. Let T m,d (T s ) denote the chance of
missing with the scan interval Ts {until an available AP is found}. So, it can be shown as:

Among ther, and

To thisend, let T m,d (t) devote the average missing AP connection opportunity within the time period (¢, =
+ 1} {(by time). When there is no AP available at time <, the opportunity to connect (ie, AP association} occurs
only when an available AP arrives within thme period t. Therefore, for the time period { =, © +1t}, the expected
number of missed opportunities can be expressed as:

Similarly,

By using the Laplace transform. the expected number of missed opportunities T m,d can be solved in the
frequency domain, ie

Based on these Laplace transforms, the expected missing opportunity T m,d (s} is given as follows:

The connection and disconnection periods for the exponential distribution are given as follows:

fd{j=Le<-M>andfc{tl=pe<-pt>.

Thus, the Laplace transform is given as follows:

with

Substituting these into equation (2) and using the inverse Laplace transform yields equation (1).

Equation (1} indicates that the missed opportunity increases with increasing scan interval T's . From this formua,
the missing access opportunities show the following behavior:
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When t—>00,

This confirmation shows that as the scan interval increases, the mobile client misses detecting all access
opportunities. It should be noted that in the analysis, it is assumed that the scanning process is pulsating, so that
missed access opportunities due to scanning can be ignored.

Based on this analysis, the optimal scan interval (Ts) can be determined to minimize the ratio of the energy spent
on the AP scan to the total transfer position within the scan inferval Ts. Here, it is assumed that the energy
consumption for data transmission is negligible. When the mobile client 110 scans the AP at a fixed interval Ts, it
detects that the time fraction of the access opportunity is 1-Td-Tm,d{Ts}, where {image] is the average of the
disconnected state. fraction. Thus, the optimal scan interval is given as follows:

Where T max is the maximum scan interval, which is a predetermined parameter. For example, for a mobile
client running a delay sensitive application (eg, an IP phone}, Tmax can be set to a small value and vice versa. In
equation (3}, the expected achievable data rate is expressed as E[R] and it depends on the AP associated with the
client. The AP association policy is described in further detail later in this application.

Hereinafter, it is further shown that the optimal scanning interval of the minimum formula (3) is:

Where {image] is the average speed, ¢ is the average AP density, and R is the transmission range of the AP (for

example, 20010},

To do this, the indication is the objective function in the formula (***), that is, the energy spent scanning each
transmitted data bit. Assuming that the energy consumption E scan for scanning and the average achievable data
rate E[R] are given as constants, the process of finding the optimal scanning interval T's < * > in equation (3) is
equivalent to finding the maximum G Ts of (T's }, which can be found as follows: ;;; Obviously, g(Ts }isa
monotonically increasing function of Ts in [image]. Therefore, the optimal value of Tsis given as [image].
Therefore, the formula (4) is subsequently performed. Equation (4) implies that the optimal scan period depends
on the average moving speed {image] and average AP density { ¢ } of the mobile client. For example, when the
user moves quickly, the AP arrival rate { ). d ) will increase, and the user is encouraged to scan more frequently,
and it is expected that the available AP will be detected quickly, and vice versa. FIG. A shows an optimum
scanning interval (T s < * >} for different user speeds assuming the transmission range of the AP is R=200 m.
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Access point sensing

According to one embodiment, a motion based AF scanning method is provided based on the analysis
performed above. Tn such an ernbodiment, the AP scan is triggered based on the distance traveled by the mobile
client 110 since the last scan. Rather than relying on a power-efficient position tracking system like GPS, this
distance can be estimated using the motion sensing techuiques described above. Specifically, the distance traveled
cat be estimated as:

Where K is a set of user behaviors that can be classified based on accelerometer readings as described above, and
vk is the average speed corresponding to the behavior k € K. After cach AP scan, the travel distance is reset {o
zero so that inaccuracies in the systern do not accumulate.

According to another embodiment, the AP scanning process is triggered when the mobile chient 110 travels more
than a threshold distance dth, which is defined as the user finding at least a probability £ {(intherange of §to 1)
The minimum distanice that an available AP needs to move, ie,

Where 1t ap is the number of available APs detected by the previous scan. The last formula is based on the
relationship Elnap | ~ nR< 2> p and |image| which can be estimated using the exponentially weighted
moving average (EWMA) well known in the art. Figure 9B shows the threshold distance for different AP
densities in equation (5). For example, if the average number of APsis 2and £ is set to 0.3, the threshold
distance is 56 m.

For a mobile client operating in the disconnect mode as shown in Figure 4B, a scan decision is made in each
epoch including three sequential cycles. First, within the motion estimnation period {Tmy), the mobile client turns
on the accelerometer at a given duty cydle ratio (eg, 1 second every 10 seconds). Once the mobile host estimates
the user's behavior, it updates the distance [image] and decides whether to trigger an AP scan within the scan
decision period (Td). Once it detects a group of APs, it selects an AP based on the selection criteria and
associates it with the selected AP, otherwise it will update the AP deusity and repeat the process.

To understand the impact of the distance threshold on cnergy consumption, analyze the number of scans
required for the fixed period and motion-based triggering methods before the AP is detected. In the motion-
based triggering method, the AP scau is triggered only when the mobile host moves a certain distance, and the
fixed period trigger method triggers the AP scan at predefermined time infervals.
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The number of scans required for the fixed-cycle trigger method is given as follows:

{image]

The number of scans required for a motion-based triggering method is given as follows:

{image]

Where t still is the amount of time the user is stationary, and d=2_ keK d k is the distance traveled until the new
AP is detected, and where d k is the distance traveled by the behavior k (eg, walking or rununing}.

Figure 9C shows the total number of scans when the mobile client 110 repeats walking and pausing (still) until an
available AP is found. Assurme that the distance of the AP from the break point is d=500m and d th =80m. The
figure shows that the number of scans required for a fixed-cycle trigger increases because the mobile chient
remains stationary for multiple times. In contrast, motion-hased triggering is not affected by static immobility
time because it only triggers a scan when the motion of the mobile client exceeds a threshold distance. It should
be noted that the motion algorithm triggers a scan every [irnage] while the user is walking.

Access point sensing in connected mode

Figure 4C depicts an AP sensing method that controls scanning, probing, and migration when the mobile client

is operating in connected mode.

To take advantage of the diverse Wi-Fi access opportunities, the sensing process adaptively changes the RSS
threshold based on the focal AP density estimated using the moving average. When the AP deusity is high, by
setting a high RSS threshold, the mobile client 110 becomes more actively triggering the AP scanning process,
thereby expecting to find a better AP at the expense of scanning overhead. In order to avoid high false trigger
rates due o RSS fluctuations caused by fading even when the mobile client is stationary, the mobile client triggers
the scan in a probabilistic manner based on its motion. Specifically, the triggering probability (i.e., Pscan of line
18 in Fig. 4C} is increased based on the distance {image] of the mobile client from the most recent scan. Here, in

our experiment, A is set to 0.1 and the unit distance {d unit } is 10 meters.
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Once the sensing is triggered, if the mobile client scans for any available APs, it is associated with one of the
available APs that provides the highest estimated bandwidth. Conversely, if no available APs are found, the
mobile client switches to the disconnect mode depicted in Figure 4B.

According to this embodiment, when the mobile client is currenily connected (o an AF of the wireless network
106, it still preemptively searches for other or better wireless access opportunities to maintain connectivity. For
example, when a mobile user walks fn an urban area, there are many access points therein and their performance
is uneven. Thus, the mobile client can identify and use (or migrate to} such opportunities in an energy efficient

INanner.

The AP sensing process in connected mode consists of three main parts (ie, scanning, probing, and selection). In
particular, to exploit multiple access opportanities while minimizing false triggers, the scan trigger threshold
{received signal strength threshold) is dynamically adapted based on the motion or motion history of the mobile
client and the local AP density. For example, when the user is stationary, the mobile client avoids triggering the
AP sensing process even if the RSS is low due to temporary link quality changes. However, when the mobile
client has moved a certain distance (eg, 20my), it not only observes the degraded RSS but also expects to find
more APs, thus triggering the AP sensing process.

Access point selection

{nce the mobile host is scanned o find a set of available APs, it selects one of the APs based on the performance-
based AP selection policy, where the performance-based AP selection policy seeks to provide optimal end-to-
end throughput performance for the mobile client. . Access point selection is provided by association rodule
248 or 286.

In general, mobile client 110 estimates end-to-end bandwidth by utilizing quality and load information available
in the network. In a wireless mesh network, the throughput that a mobile host can achieve depends on the quality
of the client-to-AF link and the mesh backbaul ink. Here, the quality of the client-to-AP link is more dependent
on the user's mohility, and the mesh backhaul performance is closely related to the network traffic condition.
Therefore, the available bandwidth of the last hop (client-to-AP link) and mesh backhaul is estimated separately.
The EAB is estimated by identifying a bottleneck link along the path from the client to the mesh gateway.
Specifically, each AP and mesh router periodically measures the available bandwidth of their outgoing links, and
each AP collects information measured along its own path to the gateway and then derives the EAB. This
information is then passed fo the mobile client for casy selection of the best AP to associate.
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Estimation of available bandwidth for mesh hackhaul

In order to avoid additional measurement overhead, AP sensing uses existing measurements in a passive manner.

Consider link 1 and denote the source node for downstream traffic with m. Then, node m can estimate the
available on link i by passively monitoring the measurement period {t, t+7T) packet transmission time {t tx ), link
husy time {t busy }, and link idle time {tidle ). Conununication time (airtime}, where T =t tx + t busy + tidle .
Thus, the bandwidth available on link i can be estimated as:

Where R m.iis the maximum data transfer rate that node m can support on link i, which can be calculated by
performing a simple calibration experiment to calculate a prior value. The estimated available bandwidth
calculated above includes the effects of chanuel contention between adjacent links operating on the same
channel. Fach mesh node maintains the available link bandwidth by taking a moving average.

Estimated available bandwidth for the client-to-AP link

Next, in order to calculate the available client-to- AP bandwidth, the AP keeps estimating their own link

utilization as:

Where C is the set of clients associated with AP a, L a,c is the load (le, traffic) generated by user c € Con AP a,
and R a,¢ is the maximum achievable transinission rate of user ¢ (when there is no competition). The AP can
estimate the load La,c by monitoring the total number of bytes per second transmitted to each client associated
with if. Here, the utilization U a can be interpreted as an estimate of the portion of the AP capacity used to service
an existing client associated with the AP. Thus, the remaining capacity is available for the new client n, which is
given by

ABan={1-Ua})XRan

Where R a,n is the transmission rate between AP a and the new client, which can be estimated during the AP

SCaNfng process.
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Figure 10 shows the available link bandwidth (indicated by the solid line) estimated for single-hop. two-hop,
three-hop, and four-hop connections compared to the actual bandwidth measured by the method of Thrulay
{represented by dotted lines}, where The method of Thrulay is available at http://shlang.com/thrulay, which is
incorporated herein by reference in its entirety. Figure 10 indicates that a simple estimation method provides
reasonable and accurate results with less than 10% ervor while eliminating the need for active probing {and its
overhead).

Access point selection based on link quality and load balancing

According to another embodiment, the mobile client 110 takes into account the link quality and load balancing
of the backhaul wireless network 106 into an access point selection policy.

Specifically, there are three separate measurement components combined into the AP selection sirategy,
including:

Channel quality between the client 110 and each available AP;

I the client 110 attempts to access the external network 114, it is the performance of the backhaul path between
the desired AP and the mesh gateway 102 in the wireless network 108, or if the client attempts to access another
network entity in the wireless network 106. Is the performance of the backhaul path between the desired AP in
the wireless network 106 and another access point; and

Information on the load characteristics of the wireless network 108.

An access point that has a more congested route to the gateway node should be given a lower priority by the AP
selection policy, where the congestion route is not always reflected by the performance or qualify parameters.

The following description assumes that the mobile client 110 seeks a network connection to the external network
114 through the edge gateway 102. The AP selection technique can be easily adapted to access an internal
network entity in the wireless network 106.
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In order to select an AP based on the performance and load characteristics of the backhaul wireless network 106,
the client 116 is configured to estimate the channel conditions between itself and the available APs and the
network performance in the mesh backhaul 106. In addition, client 110 collects the required information as
efficiently as possible while introducing as little overhead as possible. The measurement process should not
significantly affect network resources, nor cause excessive power consumption of client devices. On the other
hand, in order to load balance network traffic and avoid congestion, the wireless network 106 itself {acilifates the
AP selection process, thereby improving overall network performance and utilization.

In one embodiment, the APs detected by the client 110 provide the client with link quality information reflecting
their routing performance to the mesh gateway 102. In order to avoid the overhead of implementing the
measurernent framework, link quality metrics that can be obtained from the underlying routing protocol are used
for this purpose. In addition, to avoid unhalanced load distribution and routing congestion, network load
information is further integrated into the decision making process. These two factors are considered by each
client 118 together with the channel quality of the client-to-AP link before making an AP selection decision. This
approach is also supported by the new IEEE 802.11k draft, which is available at

hitp://www ietlorg/ric/rfc3626.00, which is hereby incorporated by reference in its entivety. In addition, for
mutlti-radio multi-channel wireless mesh networks, the effects of channel diversity are also incorporated into the
AP selection process.

As depicted in FIG. 1, after scanning and detecting an available AP using the AP scanning method, the new chent
110B needs to be associated with one of several possible options for the AP, From the perspective of the end user,
an AP that can provide the best end-to-end throughput or latency would be the best choice. However, from the
perspective of network 106, it is also desirable to distribute network traffic {or load) across networks 106 to
achieve better network atilization. To help the client make the right decision, the network 106 provides the client
110B with the necessary metrics, such as the throughput expected by the client, the load of the available backhaul
path, and others. Based on these, client device 110B calculates a score associated with each AP that indicates a
measure of expected performance that can be achieved if client 1108 is associated with that AP. Client 1108 then
uses this score to rank each AP and associate with the best available AP,

In this embodiment, each AP only allows the client device o obtain the necessary network statistics and leave the
final AP selection decision to the chent. Unlike existing sysiems, in this embodiment network 106 does not
provide association control, where network 1036 does not determine which AP the client 110B can associate with,
or forces client 1108 to roam in order to search for a better AP.

The AP selection technology has the following characteristics:
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Network-assisted AP selection: In a wireless network 106, typically a wireless mesh network, each client 110
needs to be aware of the condition of the mesh backhaul in order to make a reliable AP selection decision. Rather
than having client 110 perform this end-to-end proactive exploration, this information is very expensive in termns
of network resources and power consumption, but system 100 utilizes network 106 to provide the client with the
necessary information.

Low overhead network monitoring: To reduce the overhead associated with measuremnents, the network 106
performs passive measurements to gather the necessary fnformation. This information is then exchanged between
the various mesh nodes or APs for distributed AP selection policies or reported to a centralized controtier.

Load balancing in mesh backhaul: Several metrics such as estimated throughput, packet loss rate, and others are
used to estimate the performance of the mesh backhaul. However, such metrics tend to favor APs with higher
throughput, which results in uneven traffic distribution in the mesh network and reduces overall system
performance. The AP selection techniques described herein incorporate some form of load balancing metric in
the AP selection process.

Empact of hop count and channel diversity: In order to properly integrate the performance of the mesh backhaul
into the AP selection process, the number of hops and the impact of channel diversity on user performance
should be considered. The AP selection metrics described herein illustrate these two parameters.

According to another embodiment, when AP selection is performed, the new client 1108 determines various
metrics that indicate the connection performance and load characteristics of the backhaul wireless network 106.
These metrics include channel quality metrics for the wireless link between the client and the AP, performance
metrics for backbaul routing between the AP and the edge gateway, and load balaucing metrics for the backhaul
wireless network. Each of these metrics is further described below.

Channel quality between the client and the AP

This metric indicates the performance of the first wireless hop between the client device 110B and the mesh AP.
In one embodiment, it is assumed that most of the traffic flows from the mesh AP {o the client in the downlink
direction. Thus, only the downlink channel quality from the AP to the client is estimated. Alternatively, both
downlink and uplink channel quality can be considered.

In general, the link quality between the client 1108 and the desired AP is measured by the estimated throughput
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mefric. In particular, cousider the AP a with a set of clients U associated with it. Let L a,u be the load generated by
each client u € U on AP a per unit time. If R a,ut is the maximum transmission rate achieved by each client, the
utitization of AP a is defined as:

Foralu€ U, pa=2{Lau/Rau).

This utilization is an estimate of the portion of the AP capacity used {o serve existing chients. Thus, the remaining
capacity is available to the new client 110B and can be used to estimate the downlink throughput between the AP
and the client. If R indicates the transmission rate between the AP and the new client, the estimated downlink
throughput is given by:

Thr downlink ={(1- © 2} XR (6}

During the scanning process, the corresponding AP makes this value available to client 110B.

Backhaul routing performance between AP and gateway

System 110 provides a network performance metric that indicates the performance of the client stream in mesh
backhaul network 106. By combining this metric, systern 100 considers a situation where even if the client-to-AP
link is good, the route between the AP and the gateway node may suffer from poor link quality and thereby
assign a fower priority to the corresponding AP.

Unlike existing strategies that rely on a measurement framework involving additional measurement and
conmmunication overhead that can adversely affect end user performance, systern 100 utilizes an undeslying
routing protocol for wireless mesh network 106 that has employed some The form of link quality estimation. For
example, this metric can be an expected transmit count (ETX) metric in the Optimal Link Condition Routing
Protocol {OLSR) available at http://www et org/rfc/tfe3626.0xt or in the IEEE 802.11s standard. Recommended
communication time metrics, which are hereby incorporated by reference in their entirety. When the network
106 exposes these metrics to the client 110, the client can utilize the wireless network 106 to estimate the
performance of the backhaul path and incorporate it into the AP selection process.

In one embodiment, the wircless network 106 wutilizes the OLSR routing protocol and exposes the ETX metrics (o
the client device 110. Fach AP maintains a track of the cumulative path ETX value for its route to the gateway
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node. In addition, in order to include channel diversity, the accumulated ETX is modified. AsshowninFIG. 1,
for path 116 through wireless network 106, the accumulated ETX is defined as follows:

Where N is the total number of hops on P and N j is the number of different channels used by hops on path P.
The score N/N j acts as a weight assigned to each path. If two paths have the same nurober of hops, the path with
better channel diversity will give a lower weight. This is because if multiple hops along a path are on the same
channel, then only one hop can access the channel at the same time. Thus, even though individual links may
have good ETX values, the effective throughput of that path will decrease. The cumulative ETX value of such a
path is penalized with a larger weight. Alternatively, the wireless network 106 may use a routing protocol having
metrics that already include channel diversity information, such as the title written by R. Draves et al. on pages
114-128 of the 2004 International Conference on Mobile Computing and Networks. The weighted cumulative
expected transmission time (WCETT) described in the non-patent literature of "Routing in Muklti-Radio, Multi-

Hop Wireless Mesh Networks" is hereby incorporated by reference in its entirety.

Load characteristic meiric

Different APs in the network 106 provide different hierarchical performance for the cient 110. Existing systems
that prefer APs that provide higher throughput paths for clients cause load imbalances in the mesh network. To
avoid such load imbalances, system 100 uses node utilization as an indication of network load in wireless network
106. A bottleneck jump is estimated for a given path between the AP and the gateway 102,

Specifically, consider a mesh node (access point) m having n backhaul links. Let L m,i be the load generated by
node m per unit time on lnk §, and C m i is the maximum transmission capacity. Thus, the utilization of node m
is defined as:

Depending on the current modulation rate of that node, C m.iis constant for each node. A priosi values are
calculated by performing a simple calibration experiment. L m,i is estimated by monitoring the total amount of
data currently transmitted by the node. Each node in the wireless network 106 maintains a moving average of its
respective utilization values with respect to time, Now, for a given path 116 through the wireless network 106, it is
assumed that one of the k available channels is allocated for each hop. Thus, U | is defined as:

Uj=2 p il<j<k

Jump i on chanuel .
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Thus, U j is the surn of the utilization of all nodes on the same channel j on path 116. Thus, for path 116, we
define bottleneck utilization as:

Thus, if different hops on a path use different channels, the hop with the highest wtilization will be a bottleneck
hop. However, if multiple hops on a path use the same channel, the transmissions on these hops will interfere
with each other (except for very long hops). In this case, client 110 adds a single utilization of all hops on the
same channel on the path. The path with the lowest bottleneck utilization U p will give the highest preference as
this will help achieve a more load balanced network.

AP selection score

Once the metric is determined, the client 110 combines the above three parameters into a single score, based on
which the client can rank and make decisions for different APs. Each client 110 uses the following three ratings,
which are associated with the three parameters to be measured.

Rank AP: For each AP detected by the chient, the client assigns a rating to it based on the estimated downlink
throughput from each AP. Assign the highest rating to APs that can provide maximum downlink throughput.
The estimation of downlink throughput involves both the Ioad on the AP and the current channel status or link
quality (in terms of the transyoission rate used). Thus, it provides an accurate estimate of the quality of the
downlink channel.

Rank path: For each AP, the client 110 will also obtain the performance of the backhaul path from the AP to the
mesh gateway. In this embodiment, this performance is based on the value of the modified ETX metric described
in equation (7). By selecting the AP with the lowest cumulative path ETX value, client 110B effectively selects the
AP with high throughput backhaul routing. This approach allows the client 116 to select backhaul performance
parameters independently of the routing protocol. For example, if the underlving protocol uses some other link
quality metric, such as the recommended communication time metric in the [EEE 802.11s protocol, then each
AP can calculate the cumulative communication time required to transfer user traffic from the AP to the mesh
gateway. And report it to the client 110.
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