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COMMUNICATIVELY COUPLING WLAN 
AND FEMTOCELL NETWORKS UTILIZING 
A FEMTOCELL-TO-WLAN NETWORK 

BRIDGE AND CONTROLLER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS/INCORPORATION BY 

REFERENCE 

[0001] This patent application makes reference to: 
[0002] US. patent application Ser. No. (Attorney 
Docket No. 19924US01) ?led on even date herewith; 

[0003] US. patent application Ser. No. (Attorney 
Docket No. 19925US01) ?led on even date hereWith; 

[0004] US. patent application Ser. No. (Attorney 
Docket No. 19926US01) ?led on even date hereWith; and 

[0005] US. patent application Ser. No. (Attorney 
Docket No. 19929US01) ?led on even date hereWith. 

[0006] Each of the above stated applications is hereby 
incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0007] Certain embodiments of the invention relate to net 
Working. More speci?cally, certain embodiments of the 
invention relate to a method and system for communicatively 
coupling WLAN and femtocell netWorks utilizing FC-to 
WLAN netWork bridge and controller. 

BACKGROUND OF THE INVENTION 

[0008] An access point is a device that may be placed in a 
customer’s residence or in a business environment, for 
example, and may provide WLAN or Wi-Fi service. An 
access point may be enabled to connect an endpoint device 
such as a computer or handheld Wireless device to an intranet 
or an internet service provider (ISP) via a physical broadband 
connection Which may be, for example, a digital subscriber 
line (DSL) connection and/or a cable connection. Access 
points may communicate in adherence to one or more 802.1 1 
standards. 
[0009] Similar to access points, femtocells may be placed 
in a customer’s residence or in a small business environment 
as Well. Femtocells may be utiliZed for off-loading macro 
radio netWork tra?ic, improving coverage locally in a cost 
effective manner, and/or implementing home-Zone services 
to increase revenue. Femtocells, like macro cell base stations, 
may be enabled to connect “standar ” phones to a cellular 
provider’s netWork by a physical broadband connection 
Which may be a digital subscriber line (DSL) connection 
and/or a cable connection, for example. Since the tra?ic 
betWeen a customer’s premises femtocell equipment and the 
operator’s netWork may be traversing a public netWork, the 
tra?ic may be prone to various risks. 
[0010] Communication betWeen femtocells and one or 
more cellular provider’s netWorks enables operation in pri 
vate and public areas. The capacity of a femtocell may be 
adequate to address a typical family use model supporting 
tWo to four simultaneous voice calls and/or data tra?ic, for 
example. 
[0011] In some Ways, the functionality and/or services pro 
vided by an access point may overlap With functionality and/ 
or services provided by a femtocell. On the other hand access 
points and femtocells each have their advantages and disad 
vantages. Accordingly, coordination of coexistent access 
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points and femtocells a LAN or enterprise netWork may 
present a number of challenges to netWork administrators. 
[0012] Further limitations and disadvantages of conven 
tional and traditional approaches Will become apparent to one 
of skill in the art, through comparison of such systems With 
some aspects of the present invention as set forth in the 
remainder of the present application With reference to the 
draWings. 

BRIEF SUMMARY OF THE INVENTION 

[0013] A system and/ or method is provided for communi 
catively coupling WLAN and femtocell netWorks utiliZing a 
FC-to-WLAN bridge and controller, substantially as shoWn 
in and/or described in connection With at least one of the 
?gures, as set forth more completely in the claims. 
[0014] These and other advantages, aspects and novel fea 
tures of the present invention, as Well as details of an illus 
trated embodiment thereof, Will be more fully understood 
from the folloWing description and draWings. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF 
THE DRAWINGS 

[0015] FIG. 1A is a diagram illustrating an exemplary FC 
to-WLAN netWork comprising femtocells and access points, 
in accordance With an embodiment of the invention. 
[0016] FIG. 1B is a block diagram illustrating exemplary 
details of a FC-to-WLAN netWork comprising femtocells, 
access points, and a FC-to-WLAN netWork bridge and con 
troller, in accordance With an embodiment of the invention. 
[0017] FIG. 2A is a block diagram ofan exemplary access 
point (AP) controller, in accordance With an embodiment of 
the invention. 
[0018] FIG. 2B is a block diagram of an exemplary femto 
cell controller, in accordance With an embodiment of the 
invention. 
[0019] FIG. 2C is a block diagram of an exemplary FC-to 
WLAN netWork bridge and controller, in accordance With an 
embodiment of the invention. 
[0020] FIG. 3A is a block diagram ofan exemplary femto 
cell, in accordance With an embodiment of the invention. 
[0021] FIG. 3B is a block diagram of an exemplary access 
point, in accordance With an embodiment of the invention. 
[0022] FIG. 3C is a block diagram of exemplary user equip 
ment, in accordance With an embodiment of the invention. 
[0023] FIG. 4 illustrates exemplary steps for managing 
communication for a FC-to-WLAN sub-netWork comprising 
femtocells and/or access points by an AP controller, an FC 
controller, and a FC-to-WLAN netWork bridge and control 
ler, in accordance With an embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] Certain embodiments of the invention may be found 
in a method and system for communicatively coupling 
WLAN and femtocell netWorks utiliZing a multi-standard, 
femtocell (FC) to Wireless local area netWorking (WLAN), 
netWork bridge and controller. In various exemplary embodi 
ments of the invention, data communicated via one or more 
femtocells and one or more WLAN access points may be 
managed via a FC-to-WLAN netWork bridge and controller 
communicatively coupled to and/ or betWeen a femtocell con 
troller and an access point controller. The femtocell controller 
may be operable to manage and/or control operation of the 
one or more femtocells, and the access point controller may 
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be operable to manage and/ or control operation of the one or 
more WLAN access points. The FC-to-WLAN network 
bridge and controller, the femtocell controller, and the access 
point controller may interoperate to manage data communi 
cated betWeen a ?rst end-user device communicatively 
coupled to one of the femtocells and a second end-user device 
communicatively coupled to one of the access points. Data 
communicated betWeen the ?rst end-user device and the sec 
ond end-user device may traverse the femtocell controller, the 
FC-to-WLAN netWork bridge and controller, and the access 
point controller. The FC-to-WLAN netWork bridge and con 
troller, the access point controller, and the femtocell control 
ler may interoperate to deliver a portion of a datastream to an 
end-user device via one of the femtocells and delivering a 
remaining portion of the datastream to the end-user device via 
one of the WLAN access points. 

[0025] Hand-offs of one or more end-user devices betWeen 
one or more femtocells and/or one or more WLAN access 

points may be coordinated. One or more of the FC-to-WLAN 
netWork bridge and controller, the access point controller, and 
the femtocell controller may coordinate hand-offs of one or 
more end-user devices betWeen one or more of the femtocells 
and one or more of the WLAN access points. The femtocell 
controller may be communicatively coupled to an IP back 
bone via a ?rst connection and the access point controller may 
be communicatively coupled to the IP backbone via a second 
connection. A load on the ?rst connection and/ or the second 
connection may be balanced by the FC-to-WLAN netWork 
bridge and controller. The FC-to-WLAN netWork bridge and 
controller may manage quality of service on the ?rst connec 
tion and/or the second connection. One or more of the FC-to 
WLAN netWork bridge and controller, the access point con 
troller, and the femtocell controller may determine Whether a 
destination of the data may be reached via the FC-to-WLAN 
netWork bridge and controller or may be reached via the IP 
backbone. One or more of the FC-to-WLAN netWork bridge 
and controller, the access point controller, and the femtocell 
controller may control transmission poWer and/or antenna 
directionality of the femtocells and/ or WLAN access points. 
One or more of the FC-to-WLAN netWork bridge and con 
troller, the access point controller, and the femtocell control 
ler may manage communication of the data based on location 
information associated With one or more of the netWork FC 

to-WLAN bridge and controller, the femtocell controller, the 
access point controller, the one or more femtocells, and the 
one or more WLAN access points. The location information 
may be determined via one or both of input entered via a user 
interface and GNSS coordinates. 

[0026] FIG. 1A is a diagram illustrating an exemplary 
multi-standard netWork comprising femtocells and access 
points, in accordance With an embodiment of the invention. 
Referring to FIG. 1A, there is shoWn a system of netWorks 
100 comprising the Wired and/or Wireless communication 
backbone 102 and a multi-standard sub-netWork 118. 

[0027] The multi-standard sub-netWork 118 comprises an 
access point controller 106, a femtocell controller 107, a 
FC-to-WLAN netWork bridge and controller 110, a plurality 
of femtocells 112a and 11219 that are collectively referred to 
herein as femtocells 112, a plurality of access points 11411 and 
11419 that are collectively referred to herein as APs 114, and a 
plurality of end-user equipment (UE) 116a . . . 116e that are 

collectively referred to herein as UEs 116. The UEs 116, 
femtocells 112a and 112b, and APs 114a and 1141) may be 
installed in an enterprise system, commercial properties, resi 
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dential properties and/ or multi-tenant properties for example. 
The enterprise system may be deployed in o?ice buildings, 
schools, hospitals or government buildings, for example. The 
commercial properties may comprise, for example, stores, 
restaurants and/or of?ces. The residential properties may 
comprise, for example, single-family homes, home o?ices, 
and/or toWn-houses. Multi-tenant properties may comprise 
residential and/or commercial tenants such as apartments, 
condos, hotels, and/or high rises. In various embodiments of 
the invention, all or a portion of the multi-standard sub 
netWork 118 may be managed by a service provider Which 
licenses cellular frequencies utiliZed by femtocells 112. 
[0028] The femtocell controller 107 and the AP controller 
106 may be operable to communicate With the backbone 102 
via connections 101a and 101b, respectively. The connec 
tions 101a and 101b, Which may be collectively references as 
connections 101, may comprise one or more optical, Wired, 
and/or Wireless links utiliZing protocols such as Ethernet, 
digital subscriber line (DSL), passive optical netWork (PON), 
OC-x, Digital Video Broadcast (DVB), Tl/El, T3/E3, and 
WiMAX. The connections 101 may be operable to carry 
traf?c for the femtocells 112 and the APs 114 to and/ or from 
the Wired and/or Wireless communication backbone 102. For 
example, the connections 101 may transport IP packets to one 
or more of the netWorks 104 described With respect to FIG. 
1A. In this manner, the connections 101 may provide access 
to the Internet and/or one or more private netWorks. The 
connections 101 may comprise one or more of optical, Wired, 
and/or Wireless links. 
[0029] The AP controller 106 and the femtocell controller 
107 may be operable to communicate With the FC-to-WLAN 
netWork bridge and controller 110 via connections 105a and 
105b, respectively. The connections 105a and 105b, Which 
may be collectively referenced as connections 105, may each 
comprise an optical and/or Wired link utiliZing protocols such 
as PON, OC-x, Ethernet, ATM, Tl/El, T3/E3 and/or one or 
more proprietary protocols. In some embodiments of the 
invention, the connections 105a and 1051) may comprise a 
Wireless communication link, for example, a WiMax commu 
nication link. 
[0030] The AP controller 106 may communicate With the 
APs 114a and 1141) via connections 108a and 108b, respec 
tively. The connections 108a and 1081) may each comprise a 
Wired link utiliZing protocols such as Ethernet, ATM, a Wire 
less link utiliZing protocols such as Wi-Fi, an optical link 
utiliZing protocols such as PON and OC-x, or may comprise 
one or more optical, Wired, or Wireless links utiliZing one or 
more proprietary protocols. In some embodiments of the 
invention, the connections 108a and 1081) may comprise a 
Wireless communication link, for example, a WiMax commu 
nication link. Exemplary Wired communication links may 
comprise Ethernet, ATM, Tl/El and/or T3/E3 link. 
[0031] The femtocell controller 107 may be operable to 
communicate With the femtocells 112a and 1121) via connec 
tions 109a and 109b, respectively. The connections 109a and 
1091) may each comprise a Wired link utiliZing protocols such 
as Ethernet, ATM, a Wireless link utiliZing cellular and/or 
WiMax protocols, an optical link utiliZing protocols such as 
PON, or may comprise one or more optical, Wired, or Wireless 
links utiliZing one or more proprietary protocols. 

[0032] The AP controller 106 may comprise suitable logic, 
circuitry, interfaces and/or code that may be operable to con 
trol and/or manage various operational aspects of the APs 
114. For example, the AP controller 106 may manage com 
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munication and/or quality of service (QoS) for tra?ic trans 
ported between one or both of the APs 114 and the backbone 
102 via the connection 10119. In addition, the AP controller 
106 may control one or more aspects of communication 
among the APs 114. For example, load balancing, authenti 
cation and/or security management, session initiation, ses 
sion processing, resource allocation and mobility manage 
ment betWeen APs 114 may be managed by the AP controller 
106. In addition, the AP controller 106 may limit or control 
access and/or handoffs among the APs 114 and/or other APs 
in other sub-netWorks. 

[0033] The femtocell controller 107 may comprise suitable 
logic, circuitry, interfaces and/ or code that may be operable to 
control and/or manage various operational aspects of the 
femtocells 112. For example, the femtocell controller 107 
may manage communication and/or quality of service (QoS) 
for tra?ic transported betWeen one or both of the femtocells 
112 and the backbone 102 via the connection 10111. In addi 
tion, the femtocell controller 107 may control one or more 
aspects of communication among the femtocells 112. For 
example, load balancing, authentication and/or security man 
agement, call and/ or session initiation, call and/ or session 
processing, resource allocation, and mobility management 
betWeen femtocells 112 may be managed by the femtocell 
controller 107. In addition, the femtocell controller 107 may 
limit or control access and/ or handoffs among the femtocells 
112 and/or other femtocells in other sub-netWorks. 

[0034] The FC-to-WLAN network bridge and controller 
110 may comprise suitable logic, circuitry, interfaces and/or 
code that may be operable to control and/or manage various 
operational aspects of the femtocell controller 107 and the AP 
controller 106. For example, the FC-to-WLAN netWork 
bridge and controller 110 may be operable to manage com 
munication and/or quality of service (QoS) for tra?ic trans 
ported betWeen the AP controller 106 and the backbone 102 
via the connection 101a, and manage communication and/or 
quality of service (QoS) for tra?ic transported betWeen the 
femtocell controller 107 and the backbone 102 via the con 
nection 10119. In this regard, the FC-to-WLAN netWork 
bridge and controller 110 may be operable to communicate 
data betWeen the femtocell controller 107 and the AP control 
ler 106 Which may prevent a need for some tra?ic to be 
communicated to the backbone 102. In some embodiments of 
the invention, management and/or control functions, such as 
those for performing hand-offs, QoS management, control 
ling access to the femtocells 112 and APs 114, and load 
balancing, may be of?oaded from the femtocell controller 
107 and/ or AP controller 108 to the FC-to-WLAN bridge and 
controller 110. In some embodiments of the invention, man 
agement and/ or control functions, may be shared betWeen the 
femtocell controller 107, the AP controller 108, and the FC 
to-WLAN bridge and controller 110. 
[0035] The femtocells 112 may each comprise suitable 
logic, circuitry, and/or code that may be operable to commu 
nicate Wirelessly With the UEs 116 utiliZing one or more 
cellular standards comprising IS-95, CDMA, GSM, TDMA, 
GPRS, EDGE, UMTS/WCDMA, TD-SCDMA, HSDPA, 
extensions thereto, and/or variants thereof. Data comprises 
any analog and/or digital information including but not lim 
ited to voice, Internet data, and/or multimedia content. Mul 
timedia content may comprise audio and/or visual content 
comprising, video, still images, animated images, and/or tex 
tual content. The femtocells 112 may each communicate With 
various devices such as the UEs 116. Exemplary cellular 
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standards supported by the femtocells 112 may be speci?ed in 
the International Mobile Telecomunnications-2000 (IMT 
2000) standard and/or developed by the 3rd generation part 
nership project (3GPP) and/or the 3rd generation partnership 
project 2 (3GPP2). Additionally, the femtocells 112 may each 
comprise suitable logic, circuitry, and/or code that may be 
operable to communicate utiliZing, for example, Internet Pro 
tocol (IP) over a Wired or Wireless connection 109 With the 
femtocell controller 107. A plurality of femtocells 112 may be 
operable to support simultaneous sessions of a single UE 116 
or and/ or multiple UEs 116. In addition, one or more femto 
cells 112 may be operable to support handoffs of UEs 116 
With one or more APs 114. In various embodiments of the 

invention, the femtocells 112 may be operable to support 
handoff or simultaneous sessions of a single UE 116 With a 
femtocell in another netWork or sub-netWork (not shoWn). 

[0036] The APs 114 comprise suitable logic, circuitry and/ 
or code that may be operable to provide WLAN, Wi-Fi and/or 
WiMax connectivity to one or more of the UEs 116 utiliZing 
standards and/or protocols such as IEEE 802.11. For 
example, the APs 114 may provide Internet connectivity, 
multimedia doWnloads, and/or IP telephony sessions to the 
UEs 116. The APs 114 may be managed by the AP controller 
106 via the connections 108. A plurality of APs 114 may be 
operable to support simultaneous sessions and/or handoffs of 
a single UE 116 device. In addition, one or more APs 114 may 
be operable to support simultaneous sessions and/or handoffs 
for a single UE 116 With one or more femtocells 112. In 
various embodiments of the invention, the APs 114 may be 
operable to support handoff or simultaneous sessions of a 
single UE 116 With an AP in another sub-netWork (not 

shoWn). 
[0037] The user equipment (UE) 116 may each comprise 
suitable logic, circuitry, and/ or code that may be operable to 
communicate Wirelessly utiliZing one or more standards. For 
example, the UEs 116 may be operable to communicate With 
the APs 114 utiliZing on 802.11 standards and/ or variants 
thereof. In addition, the UEs 116 may be operable to commu 
nicate With the femtocells 112 utiliZing one or more Wireless 

standards such as IS-95, CDMA, EVDO, GSM, TDMA, 
GPRS, EDGE, UMTS/WCDMA, TD-SCDMA, HSDPA, 
WiMax and/ or LTE. In addition, the UEs 1 1 6 may be operable 
to communicate based on Bluetooth, Zigbee and/or other 
Wireless technologies. The UEs 116 may each be operable to 
transmit and/or receive data via femtocells 112 and/or APs 
114 in the multi-standard sub-netWork 118 as Well as With 
other cellular base stations and/or APs. Exemplary UEs 116 
may comprise laptop computers, mobile phones, media play 
ers, video and/ or still cameras, game consoles and/ or location 
determination enabled devices. The UEs 116 may be enabled 
to receive, process, and present multimedia content and may 
additionally be enabled run a Web broWser or other applica 
tions for providing Internet services to a user of the UEs 116. 

[0038] In various embodiments of the invention, the UEs 
116 may be multimode devices that may be operable to com 
municate simultaneously With a one or more femtocelis 112, 
one or more APs 114, or a combination thereof. For example, 
the UE 1161) may be enabled to communicate simultaneously 
With the femtocell 112a and the AP 114a. Alternatively, the 
UEs 116 may be enabled to communicate simultaneously 
With a plurality of femtocells 112 or simultaneously With a 
plurality of APs 114. Moreover, the UEs 116 devices may be 
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operable to perform handoffs, for example, between multiple 
femtocells 112, between femtocells 112 and APs 114, and/or 
between multiple APs 114. 
[0039] The wired and/or wireless communication back 
bone 102 may comprise suitable logic, circuitry and/or code 
that may be operable to provide access to a plurality of net 
works, for example, a cellular network 10411, a public 
switched telephone network (PSTN) 104b, an IP network 
1040, and/or a WiMax network 104d. The wired and/ or wire 
less communication backbone 102 and/or the networks 104 
may comprise various endpoint and/or user equipment 
devices. Exemplary devices of the various networks 104 may 
comprise a cellular base station 122 of the cellular network 
10411, a telephone 12411 of the PSTN 104b, a WiMAX base 
station 122 of the WiMAX network 104d, and a laptop 1240 
and application server 1241) of the IP network 1040. In this 
regard, the cellular base station 126, telephone 12411, 
WiMAX base station 122, laptop 124b, and/ or the application 
server 1240 may be accessible to devices within the sub 
network 118 via the wired and/or wireless communication 
backbone 102. In addition, the wired and/or wireless back 
bone 102 may be communicatively coupled to, for example, 
other sub-networks and/ or private intranets (not shown). 
Accordingly, the wired and/or wireless communication back 
bone 102 may enable the UEs 116 to communicate with 
remote resources such as otheruser equipment, an application 
server on the Internet and other network devices that may be 
communicatively coupled via the networks 104 for example. 
[0040] In operation, the AP controller 106, the femtocell 
controller 107, and the FC-to-WLAN network bridge and 
controller 110 may interoperate to manage communication 
among the UEs 1 1 6 and between the UEs 1 16 and one or more 
of the networks 104 within the wired and/or wireless com 
munication backbone 102. In an exemplary embodiment of 
the invention, UE 1160 may communicate with the UE 116d 
and the tra?ic may be routed via the connections 105 instead 
of the connections 101. In another exemplary embodiment of 
the invention, the UE 1161) may wish to communicate data to 
the laptop 1240, however the link 101a may be congested or 
otherwise undesirable for delivering the data. In such an 
instance, the data may be routed to the IP network 1040 via the 
connections 109b, 105b, 105a, and 10119. In this manner, the 
AP controller 106, the femtocell controller 107, and the FC 
to-WLAN network bridge and controller 110 may interoper 
ate to manage bandwidth and/or QoS on the connections 101. 

[0041] In various embodiments of the invention, the FC-to 
WLAN network bridge and controller 110 may control and/or 
manage operations of the femtocell controller 107 and the AP 
controller 106 to balance the load on the APs 114 and femto 
cells 112. In this regard, the AP controller 106, the femtocell 
controller 107, and/or the FC-to-WLAN network bridge and 
controller 110 may be operable to determine whether one or 
more femtocells 112 or APs 114 are over loaded, and such 
information may be communicated among various devices of 
the sub-network 118. An overloaded condition may be indi 
cated by exemplary factors comprising traf?c load, number of 
connections, congestion, insu?icient bandwidth, CPU usage, 
and/or memory usage. Such information may be utiliZed to 
automatically hand-off one or more UEs 116 from an AP 114 
to a femtocell 112 or from a femtocell 112 to anAP 114. This 
information may also be utiliZed to recommend that one or 
more UEs 116 switch from an AP 114 to a femtocell 112 or 
visa-versa. In various embodiments of the invention, AP con 
troller 106, the femtocell controller 107, and/or the FC-to 
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WLAN network bridge and controller 110 may interoperate 
to provide authentication and/ or security management, estab 
lishment of calls and/or sessions, call and/or session process 
ing, resource allocation and mobility management based on 
information exchanged over the connections 105. 

[0042] Various parameters may be communicated by the 
FC-to-WLAN network bridge and controller 110 to the fem 
tocell controller 107 and/ or the AP controller 106. Exemplary 
parameters may comprise a data rate, a modulation scheme, 
resource allocation, error coding schemes, and transmission 
power levels. In addition, information fed back to the FC-to 
WLAN network bridge and controller 110 may comprise a 
round trip path delay, received signal strength information at 
a femtocell 112 and/orAP 114, received signal strength infor 
mation at a UE 116, measured interference at a femtocell 112 
and/or AP 114, measured interference at a UE 116, bit error 
rates at a femtocell 112 and/ or AP 114, bit error rates at a UE 
116, available bandwidth of a femtocell 112 and/or AP 114 
and/or available bandwidth of a UE 116. Information that 
may be fed back may also comprise an indication of past, 
current and/or predicted tra?ic load, number of connections, 
congestion, insu?icient bandwidth, CPU usage, and/or 
memory usage. In addition, timing information and/or loca 
tion of one or more UEs 116, femtocells 112 and/or APs 114 
may be provided. For example, global navigation satellite 
system (GNSS) timing and/or location coordinates may be 
communicated to and/ or from the FC-to -WLAN network 
bridge and controller 110. Additionally, feedback from a UE 
116, femtocell 112, and/or AP 114 to the AP controller 106, 
the femtocell controller 107, and/or the FC-to-WLAN net 
work bridge and controller 110 may indicate the capabilities 
of the devices to the AP controller 106, the femtocell control 
ler 107, and/ or the FC-to-WLAN network bridge and control 
ler 110. Exemplary capabilities which may be communicated 
may comprise a hardware con?guration, a software con?gu 
ration, maximum transmit power, and battery strength. In this 
regard, the AP controller 106, the femtocell controller 107, 
and/or the FC-to-WLAN network bridge and controller 110 
may interoperate to manage calls and/or sessions within the 
multi-standard sub-network 118 based on feedback received 
from the femtocells 112, APs 114 and UEs 116. 
[0043] FIG. 1B is a block diagram illustrating exemplary 
details of a multi-standard network comprising femtocells, 
access points, and a FC-to-WLAN network bridge and con 
troller, in accordance with an embodiment of the invention. 
Referring to FIG. 1B, there is shown the wired and/ or wireless 
communication backbone 102, the AP controller 106, the 
femtocell controller 107, FC-to-WLAN network bridge and 
controller 110, the femtocells 112a and 112b, the APs 114a 
and 114b, the UEs 116, the connections 101a and 101b, the 
connections 105a and 105b, the connections 108a and 108b, 
and the connections 109a and 1091) all of which may be as 
described with respect to FIG. 1A. 

[0044] Also shown are connections 115a, . . . , 1150 

between the APs 114 and some of the UEs 116 and the 
connections 113a . . . 1131) between the femtocells 112 and 

some ofthe UEs 116. The connections 113a . . . 113b, which 

may be collectively referenced as connections 113, may each 
comprise a wireless link utiliZing cellular protocols. The con 
nections 115a . . . 115b, which may be collectively referenced 

as connections 115, may each comprise a wireless link uti 
liZing IEEE 802.11, or similar, protocols. 
[0045] In operation, the AP controller 106, the femtocell 
controller 107, and the FC-to-WLAN network bridge and 
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controller 110 may interoperate to manage communication 
that is handled by the femtocells 112 and/or the APs 114. For 
example, the AP 114a and the femtocell 1121) may commu 
nicate parameters about their usage to the AP controller 106 
and femtocell controller 107, respectively. The AP controller 
106 and femtocell controller 107 may forward the parameters 
to the FC-to-WLAN netWork bridge and controller 110. 
Exemplary usage parameters for a UE 116 may comprise 
requested and/ or required bandWidth of the UE 116, type of 
data requested and/or being communicated to the UE 116, 
location of the UE 1 16, received cellular signal strength of the 
UE 116, and received WLAN signals strength of the UE 116. 
The AP controller 106 and the femtocell controller 107 may 
also communicate parameters about their oWn operation to 
the FC-to-WLAN netWork bridge and controller 110. Exem 
plary operating parameters of the AP controller 106 may 
comprise available bandWidth for one or more of the connec 

tions 101a, 105a, 108a, and 108b, number ofAPs 114 com 
municatively coupled to the AP controller 106; and types of 
data requested and/or being communicated by the AP con 
troller 106. Exemplary operating parameters of the femtocell 
controller 107 may comprise available bandWidth for one or 
more of the connections 101b, 105b, 109a, and 109b, number 
of femtocells 112 communicatively coupled to the AP con 
troller 106; and/ or types of data requested and/ or being com 
municated by the AP controller 106. The FC-to-WLAN net 
Work bridge and controller 110 may then utiliZe the received 
parameters to determine hoW to balance the load of UE 1161) 
between the AP 114a and the femtocell 11219. The FC-to 
WLAN netWork bridge and controller 110 may communicate 
the determination to the AP controller 106 and the femtocell 
controller 107, Which may, in turn, communicate the deter 
mination to the APs 114 and the femtocells 112. 

[0046] In addition, the AP controller 106, the femtocell 
controller 107, and the FC-to-WLAN netWork bridge and 
controller 110 may interoperate to manage communication of 
data betWeen the sub-netWork 118 and remote endpoints via 
the Wired and/or Wireless backbone 102. For example, data 
received from one or more UEs 116 by the AP controller 106 
may be communicated to the backbone 102 via the connec 
tion 10111, or, in instances that the connection 10111 is con 
gested or otherWise undesirable or unavailable, route the data 
to the backbone 102 via the connections 105 and 10119. Simi 
larly, data received from one or more UEs 116 by the femto 
cell controller 107 may be communicated to the backbone 
102 via the connection 101b, or, in instances that the connec 
tion 101!) is congested or otherWise undesirable or unavail 
able, route the data to the backbone 102 via the connections 
105 and 10111. In various embodiments of the invention, the 
AP controller 106, the femtocell controller 107, and the FC 
to-WLAN netWork bridge and controller 110 may interoper 
ate to allocate, reallocate, reserve and/or deallocate band 
Width on the connections 101 for the femtocells 112 and/or 
APs 1 14. In this regard, it may be determined Which femtocell 
112 and/orAP 114 may handle a call and/or session With a UE 
116. In addition, the AP controller 106, the femtocell control 
ler 107, and the FC-to-WLAN netWork bridge and controller 
110 may interoperate to handle quality of service (QoS) for 
femtocell 112 and/orAP 114 tra?ic that is transported via the 
connections 101. 

[0047] In various embodiments of the invention, the UEs 
116 may communicate With other user equipment and/or 
application servers in the netWorks 104 via the one or more 
femtocells 112 and/or APs 114, the AP controller 106, the 
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femtocell controller 107, and the FC-to-WLAN netWork 
bridge and controller 110. For example, the UE 1160 may 
receive a phone call from a remote landline telephone 12411 in 
the PSTN network 1041). In this regard, the femtocell control 
ler 107 may assign the phone call to the femtocell 11219. The 
femtocell 11219 and the UE 1160 may exchange data and/or 
voice via the cellular connection 11319. The femtocell 1121) 
may packetiZe data received from the UE 1160 into one or 
more IP packets and the IP packets may be further encapsu 
lated, encoded, modulated, or otherWise processed. The IP 
packets may then be routed via the connection 10911 to the 
femtocell controller 107. The femtocell controller 107 may 
analyZe bandWidth and/or QoS levels for the IP packets to the 
backbone 102 and for IP packets from the IP backbone, and 
may enable routing the packets via the connection 101!) and/ 
or the connections 105 and 10111. 

[0048] In another exemplary embodiment of the invention, 
the UE 1161) may be operable to initiate a connection With an 
application server on the Internet to doWnload and/ or upload 
multimedia data via the backbone 102. The AP controller 106 
may determine that the AP 114a may handle the connection 
and the UE 11619 and AP 114a may exchange data utiliZing 
one or more 802.11 standards. The AP 114a may send or 
receive the data to and/or from the AP controller 106 via the 
connection 10819. The AP controller 106 may route the data to 
the appropriate destination in the backbone 1 02 via the broad 
band link 10111 or via the connections 105, the FC-to-WLAN 
netWork bridge and controller 110, the femtocell controller 
107, and the connection 10119. In various embodiments of the 
invention, the AP controller 106 may be operable to route the 
multimedia to a plurality of the UEs 116. Moreover, multi 
media may be routed from the AP controller 106 to one or 
more femtocells 112 via the FC-to-WLAN netWork bridge 
and controller 110 and the femtocell controller 107. In this 
regard, a portion of a datastream may be delivered to the UE 
1161) via the AP 114a and a remaining portion of the datas 
tream may be delivered to the UE 1161) via the femtocell 
112b. 

[0049] In another exemplary embodiment of the invention, 
the UE 116a may be operable to initiate a voice over IP 
connection With a remote end-user device in one of the net 
Works 104 via the backbone 102. The femtocell controller 
107 may determine that the femtocell 112a may handle the 
connection and the UE 116a and femtocell 112a may 
exchange data utiliZing one or more cellular standards. The 
femtocell 112a may send or receive the data to and/or from 
the femtocell controller 107 via the connection 10919. The 
femtocell controller 107 may route the data to the appropriate 
destination in the backbone 102 via the broadband link 1011) 
or via the connections 105, the FC-to-WLAN netWork bridge 
and controller 110, the AP controller 106, and the connection 
10119. In various embodiments of the invention, the femtocell 
controller 107 may be operable to route the multimedia to a 
plurality of the UEs 116. Moreover, multimedia information 
may be routed from the femtocell controller 107 to one or 
more APs 114 via the FC-to-WLAN netWork bridge and 
controller 110 and the AP controller 106. In this regard, a 
portion of a datastream may be delivered to the UE 1161) via 
the AP 1 14a and a remaining portion of the datastream may be 
delivered to the UE 1161) via the femtocell 11b. For example, 
a multimedia stream With a high data rate may be too large to 
deliver in a timely manner over only the cellular connection 
113a and thus a portion of the datastream may be delivered 
over the WLAN connection 1150. Similarly, security and/or 
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control information to enable decoding and presenting mul 
timedia content may be communicated over the cellular con 
nection and the corresponding multimedia content may be 
delivered over the WLAN connection 115c. 

[0050] FIG. 2A is a block diagram of an exemplary AP 
controller, in accordance With an embodiment of the inven 
tion. Referring to FIG. 2A, the AP controller 106 may com 
prise a GNSS receiver 202, a processor 204, a memory 206, a 
DSP 208, a FC-to-WLAN netWork bridge and controller 
communications (HNB comm) transmitter and/ or receiver 
(Tx/ Rx) 210, an AP communications Tx/Rx 212, a backbone 
communications Tx/Rx 214, and a WiMAX Tx/Rx 216. 

[0051] The GNSS receiver 202 may comprise suitable 
logic, circuitry and/or code to receive signals from one or 
more GNSS satellites, for example, GPS satellites. The 
received signals may comprise timing, ephemeris, long term 
orbit information, and/ or almanac information that enable the 
GNSS receiver 168 to determine its location and/or time. 
GNSS coordinates determined based on received GNSS sig 
nals may be utiliZed in managing communications by the AP 
controller 106. Determined GNSS coordinates may be com 
municated to other devices in a netWork such as the FC-to 
WLAN netWork bridge and controller 110 and the femtocell 
controller 107. Accordingly, the location of the AP controller 
106 may be a determining factor in deciding hoW to manage 
data communicated in a FC-to-WLAN netWork such as the 
sub-netWork 118. 

[0052] The processor 204 may comprise suitable logic, cir 
cuitry, and/or code that may enable processing data and/or 
controlling operations of the AP controller 106. In this regard, 
the processor 204 may be enabled to provide control signals 
to the various other blocks Within the AP controller 106. The 
processor 204 may also control data transfers betWeen vari 
ous portions of the AP controller 106. Additionally, the pro 
cessor 204 may enable execution of applications programs 
and/ or code. In various exemplary embodiments of the inven 
tion, the applications, programs, and/or code may enable, for 
example, parsing, transcoding, or otherWise processing data. 
In various embodiments of the invention, the applications, 
programs, and/ or code may enable, for example, con?guring 
and/ or controlling operation of the HNB communication. 
Tx/Rx 210, AP communications Tx/Rx 212, the backbone 
communications Tx/ Rx 214, and the WiMAX Tx/ Rx 216. For 
example, transmission poWer levels may be con?gured and/ or 
transmission times may be scheduled. In various embodi 
ments of the invention, the processor 204 may manage com 
munication of data and/ or QoS for data communicated to the 
FC-to-WLAN netWork bridge and controller 110, APs 114, 
and/or backbone 102. In various embodiments of the inven 
tion, the processor 204 may generate and/or process control 
information received from, or to be transmitted to, the APs 
114 and/or the UEs 116. In this regard, the processor 204 may 
be enabled to control or manage communication betWeen the 
APs 114 and the UEs 116. For example, the processor 204 
may determine and communicate control parameters such as 
poWer level, modulation schemes, error coding schemes, and/ 
or data rates. 

[0053] The memory 206 may comprise suitable logic, cir 
cuitry, and/or code that may enable storage or programming 
of information that includes, for example, parameters and/or 
code that may effectuate the operation of the AP controller 
106. Parameters may comprise con?guration data and the 
code may comprise operational code such as softWare and/or 
?rmware, but the information need not be limited in this 
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regard. Moreover, the parameters may include adaptive ?lter 
and/or block coe?icients. Additionally, the memory 206 may 
buffer or otherWise store received data and/ or data to be 
transmitted. In various embodiments of the invention, the 
memory 206 may comprise QoS and/or control parameters 
for traf?c managed by the AP controller 106. In addition, one 
or more look-up tables, Which may be utiliZed for determin 
ing UEs 116 to be serviced by the APs 114, may be stored in 
the memory 206. 

[0054] The DSP 208 may comprise suitable logic, circuitry, 
and/or code that may be operable to perform computationally 
intensive processing of data. In various embodiments of the 
invention, the DSP 208 may be operable to handle exemplary 
operations comprising encoding, decoding, modulating, 
demodulating, encryption, decryption, scrambling, descram 
bling, and/ or otherWise processing of data. In various 
embodiments of the invention, the DSP 208 may be enabled 
to calculate and adjust parameters such as transmitted signal 
strength, antenna directionality, and data rate of communica 
tion of the APs 114. 

[0055] The HNB communication Tx/ Rx 210 may comprise 
suitable logic, circuitry, and/ or code that may be operable to 
transmit and/ or receive data to and/ or from the FC-to -WLAN 
netWork bridge and controller 110 via the interface 209. The 
FC-to-WLAN netWork bridge and controller communica 
tions Tx/Rx 210 may be operable to perform exemplary 
operations or functions comprising ampli?cation, doWn-con 
version, ?ltering, demodulation, and analog to digital conver 
sion of received signals and/or signals to be transmitted. In 
various exemplary embodiments of the invention, a connec 
tion 105a (FIG. 1 B) to the FC-to-WLAN netWork bridge and 
controller 110 may be established via the interface 209, Which 
may Wired, Wireless, or optical and utiliZe protocols such as 
Ethernet, digital subscriber line (DSL), passive optical net 
Work (PON), Digital Video Broadcast (DVB), Tl/El, and 
WiMAX. 

[0056] The AP communications Tx/Rx 212 may comprise 
suitable logic, circuitry, and/ or code that may be operable to 
transmit and/or receive data to and/or from one or more APs 
114 via a Wireless interface 211 and/or a Wired or optical 
interface 212. The AP communications Tx/Rx 212 may be 
operable to perform exemplary operations or functions com 
prising ampli?cation, doWn-conversion, ?ltering, demodula 
tion, and analog to digital conversion of received signals 
and/or signals to be transmitted. In various exemplary 
embodiments of the invention, a connection 115 (FIG. IE) to 
one or more APs 114 may be established via the interface 211 
and/or 213 utiliZing protocols such as such as Ethernet, digital 
subscriber line (DSL), passive optical netWork (PON), Digi 
talV1deo Broadcast (DVB), and Tl/El. The AP communica 
tions Tx/ Rx 212 may transmit and receive via an antenna 
218a and antenna directionality may be controlled via one or 
more control signals and/or based on received control data. 
Additionally, transmitted signal strength of the AP commu 
nications Tx/Rx 212 may be controlled via one or more con 
trol signals and/or based on received control data. 

[0057] The backbone communications Tx/Rx 214 may 
comprise suitable logic, circuitry, and/or code that may be 
operable to transmit and/or receive data to and/or from the 
backbone 102 via a Wired or optical interface 215. The back 
bone communications Tx/ Rx 214 may be operable to perform 
exemplary operations or functions comprising ampli?cation, 
doWn-conversion, ?ltering, demodulation, and analog to digi 
tal conversion of received signals and/or signals to be trans 
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mitted. In various exemplary embodiments of the invention, a 
connection 101a (FIG. 1B) to the backbone 102 may be 
established via the interface 215 utilizing protocols such as 
such as Ethernet, digital subscriber line (DSL), passive opti 
cal netWork (PON), OX-x, Digital Video Broadcast (DVB), 
Tl/El, T3/E3, and WiMAX. 
[0058] The WiMax Tx/Rx 216 may comprise suitable 
logic, circuitry, and/ or code that may be operable to transmit 
and/ or receive data to and/or from a WiMax base station 
and/ or the WiMax netWork 104d in the Wired and/ or Wireless 
communication backbone 102. The WiMax Tx/Rx 216 may 
be operable to perform ampli?cation, doWn-conversion, ?l 
tering, demodulation, and analog to digital conversion of 
received signals and/or signals to be transmitted. The 
WiMAX Tx/Rx 216 may receive RF signals and output base 
band signals to one or more other portions of theAP controller 
106. The WiMAX Tx/Rx 216 may receive baseband signals 
from one or more other portions of the AP controller 106 and 
generate and transmit corresponding RF signals. The 
WiMAX Tx/ Rx 216 may transmit and receive via an antenna 
218!) and antenna directionality may be controlled via one or 
more control signals and/or based on received control data. 
Additionally, transmitted signal strength of the WiMAX 
Tx/Rx 216 may be controlled via one or more control signals 
and/ or based on received control data. 

[0059] In operation, the AP controller 106 may allocate 
bandWidth on the connection 10111 for the APs 114. In this 
regard, the AP controller 106 may be operable, possibly With 
the aid of communication With the femtocell controller 107 
and/ or the FC-to-WLAN netWork bridge and controller 110, 
to determine Which AP 114 may handle a call and/or session 
With the UEs 116. In addition, the AP controller 106 may, for 
example, With the aid of communication With the femtocell 
controller 107 and/ or the FC-to-WLAN netWork bridge and 
controller 110, manage quality of service (QoS) for AP 114 
tra?ic that is transported to the backbone 102 via the interface 
215. In various embodiments of the invention, the AP con 
troller 106 may communicate control information to the APs 
114 and receive measurements and/or status from them. For 
example, the APs 114 may communicate received signal 
strengths, RF interference and/ or bandWidth availability that 
may be utiliZed to determine neW operating parameters and/ or 
hoW to assign neW calls and/or communication sessions. In 
this regard, the AP controller 106 may enable management of 
communication betWeenAPs 114 and various UEs 116.Addi 
tionally, the AP controller 106 may send and receive control 
information to and from the FC-to-WLAN netWork bridge 
and controller 110. 

[0060] In various embodiments of the invention, the AP 
controller 106 may be controlled and/ or con?gured via a user 
interface. For example, a user may log into the AP controller 
106 via a Web broWser. In this regard, a user interface may 
enable a netWork administrator to con?gure parameters such 
as antenna directionality, frequencies of operation, transmit 
poWer, permissions, and security settings. The user interface 
may also enable the administrator to enter location informa 
tion of the AP controller 106. In this regard, a netWork admin 
istrator may enter, for example, a canonical name to be asso 
ciated With the AP controller 106, a street address for the 
location of the AP controller 1 06, and/ or a building or location 
name in an enterprise system. The location information may 
be communicated among the WLAN access point 106, the 
femtocell controller 107, and the netWork FC-to-WLAN 
bridge and controller 110. Additionally or alternatively, the 
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location information may be managed hierarchically. In this 
regard, the AP controller 106 may determine and store loca 
tion information for APs 114 With Which it communicates. 
The AP controller 106 may communicate its location infor 
mation and the location information for the APs 114 to the 
FC-to-WLAN netWork bridge and controller 110. Accord 
ingly, the FC-to-WLAN netWork bridge and controller 110 
may store location information for each AP controller 106 
With Which it communicates. 
[0061] FIG. 2B is a block diagram of an exemplary femto 
cell controller, in accordance With an embodiment of the 
invention. Referring to FIG. 2B, the femtocell controller 107 
may comprise a GNSS receiver 222, a processor 224, a 
memory 226, a DSP 228, a FC-to-WLAN netWork bridge 
communications Tx/Rx 210, an femtocell communications 
Tx/Rx 222, a backbone communications Tx/Rx 214, and a 
WiMAX Tx/Rx 216. 
[0062] The FC-to-WLAN netWork bridge communications 
Tx/Rx 210, the backbone communications Tx/Rx 214, and 
the WiMAX Tx/Rx 216 may be as described With respect to 
FIG. 2A. The processor 224, the memory 226, and the DSP 
228 may be substantially similar to the processor 204, 
memory 206, and DSP 208, respectively, described With 
respect to FIG. 1B. 
[0063] The GNSS receiver 222 may be similar to the GNSS 
receiver 202 described With respect to FIG. 2A. GNSS coor 
dinates determined based on received GNSS signals may be 
utiliZed in managing communications by the femtocell con 
troller 107. Determined GNSS coordinates may be commu 
nicated to other devices in a netWork such as the FC-to 
WLAN netWork bridge and controller 110 and the AP 
controller 106. Accordingly, the location of the femtocell 
controller 107 may be a determining factor in deciding hoW to 
manage data communicated in a FC-to-WLAN netWork such 
as the sub-netWork 118 (FIG.1 B). 
[0064] The femtocell communications Tx/Rx 222 may 
comprise suitable logic, circuitry, and/or code that may be 
operable to transmit and/or receive data to and/or from one or 
more femtocells 112 via a Wireless interface 223 and/or a 
Wired or optical interface 225. The femtocell communica 
tions Tx/Rx 222 may be operable to perform exemplary 
operations or functions comprising ampli?cation, doWn-con 
version, ?ltering, demodulation, and analog to digital conver 
sion of received signals and/or signals to be transmitted. In 
various exemplary embodiments of the invention, a connec 
tion 113 (FIG. 1 B) to one or more femtocells 112 may be 
established via the interface 223 and/ or 225 utiliZing cellular 
protocols and/or non-cellular protocols such as such as Eth 
ernet, digital subscriber line (DSL), passive optical netWork 
(PON), OC-x, Digital Video Broadcast (DVB), Tl/El, and 
T3/E3. The femtocell communications Tx/Rx 222 may trans 
mit and receive via an antenna 2180 and antenna directional 
ity may be controlled via one or more control signals and/or 
based on received control data. Additionally, transmitted sig 
nal strength of the femtocell communications Tx/Rx 222 may 
be controlled via one or more control signals and/or based on 
received control data. 

[0065] In operation, the femtocell controller 107 may allo 
cate bandWidth on the connection 101!) for the femtocells 
112. In this regard, the femtocell controller 107 may be oper 
able, for example, With the aid of communication With the AP 
controller 106 and/or the FC-to-WLAN netWork bridge and 
controller 110, to determine Which femtocell 112 may handle 
a call and/ or session With the UEs 116. In addition, the fem 
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tocell controller 107 may manage, for example, With the aid 
of communication With the AP controller 106 and/ or the 
FC-to-WLAN netWork bridge and controller 110, quality of 
service (QoS) for femtocell tra?ic that is transported to the 
backbone 102 via the interface 215. In various embodiments 
of the invention, the femtocell controller 107 may communi 
cate control information to the femtocells 112 and receive 
measurements and/ or status from them. For example, the 
femtocells 112 may communicate received signal strengths, 
RF interference and/or bandWidth availability that may be 
utiliZed to determine neW operating parameters and/ or hoW to 
assign neW calls and/or communication sessions. In this 
regard, the femtocell controller 107 may enable management 
of communication betWeen femtocells 112 and various UEs 
116. Additionally, the femtocell controller 107 may send and 
receive control information to and from the FC-to-WLAN 
netWork bridge and controller 110. 
[0066] In various embodiments of the invention, the AP 
controller 106 may be controlled and/ or con?gured via a user 
interface. For example, a user may log into the AP controller 
106 via a Web broWser. In this regard, a user interface may 
enable a netWork administrator to con?gure parameters such 
as antenna directionality, frequencies of operation, transmit 
poWer, permissions, and security settings. The user interface 
may also enable the administrator to enter location informa 
tion of the AP controller 106. In this regard, a netWork admin 
istrator may enter, for example, a canonical name to be asso 
ciated With the AP controller 106, a street address for the 
location of the AP controller 1 06, and/ or a building or location 
name in an enterprise system. The location information may 
be communicated among the WLAN access point 106, the 
femtocell controller 107, and the netWork FC-to-WLAN 
bridge and controller 110. Additionally or alternatively, the 
location information may be managed hierarchically. In this 
regard, the femtocell controller 107 may determine and store 
location information for femtocells 112 With Which it com 
municates. The femtocell controller 107 may communicate 
its location information and the location information for the 
femtocells 112 to the FC-to-WLAN netWork bridge and con 
troller 110. Accordingly, the FC-to-WLAN netWork bridge 
and controller 110 may store location information for each 
femtocell controller 107 With Which it communicates. 

[0067] FIG. 2C is a block diagram of an exemplary FC-to 
WLAN netWork bridge, in accordance With an embodiment 
of the invention. Referring to FIG. 2C, the FC-to-WLAN 
netWork bridge and controller 110 may comprise a GNSS 
receiver 202, a processor 244, a memory 246, a DSP 248, an 
AP communications Tx/Rx 210, and a femtocell communi 
cations Tx/ Rx 222. 

[0068] The AP communications Tx/ Rx 210 may be as 
described With respect to FIG. 2A. The femtocell communi 
cations Tx/Rx 222 may be as described With respect to FIG. 
2B. 

[0069] The GNSS receiver 242 may be similar to the GNSS 
receiver 202 described With respect to FIG. 2A. GNSS coor 
dinates determined based on received GNSS signals may be 
utiliZed in managing communications by the FC-to-WLAN 
netWork sWitch 110. Determined GNSS coordinates may be 
communicated to other devices in a netWork such as the 
femtocell controller 107 and the AP controller 106. Accord 
ingly, the location of the FC-to-WLAN netWork bridge and 
controller 110 may be a determining factor in deciding hoW to 
manage data communicated in a FC-to-WLAN netWork such 
as the sub-network 118 (FIG. 1B). 
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[0070] The processor 244 may comprise suitable logic, cir 
cuitry, and/or code that may enable processing data and/or 
controlling operations of the FC-to-WLAN netWork bridge 
and controller 110. In this regard, the processor 244 may be 
enabled to provide control signals to the various other blocks 
Within the FC-to-WLAN netWork bridge and controller 110. 
The processor 244 may also control data transfers betWeen 
various portions of the FC-to-WLAN netWork bridge and 
controller 110. Additionally, the processor 244 may enable 
execution of applications programs and/or code. In various 
exemplary embodiments of the invention, the applications, 
programs, and/or code may enable, for example, parsing, 
transcoding, or otherWise processing data. In various embodi 
ments of the invention, the applications, programs, and/or 
code may enable, for example, con?guring and/or controlling 
operation of the AP communications Tx/Rx 210 and femto 
cell communications Tx/Rx 222. Moreover, the applications, 
programs, and/or code may utiliZe parameters or control 
information received from the AP controller 106 and the 
femtocell controller 107 to manage a con?guration of, opera 
tion of, or communications With theAP controller 106 and the 
femtocell controller 107. For example, transmission poWer 
levels for Wireless interfaces of the AP controller 106, fem 
tocell controller 107, APs 114, and/or femtocelis 112 may be 
con?gured. Similarly, transmission times for optical, Wired, 
and/or Wireless interfaces of the AP controller 106, femtocell 
controller 107, APs 114, and/or femtocells 112 may be sched 
uled. 

[0071] In various embodiments of the invention, the pro 
cessor 244 may be operable to manage communication of 
data and/or QoS for data communicated via the interfaces 
231a and 23119 to the AP controller 106 and the femtocell 
controller 107. In various embodiments of the invention, the 
processor 244 may generate and/or process control informa 
tion received from, or to be transmitted to, the APs 114 and/or 
the UEs 116. In this regard, the processor 244 may be enabled 
to control or manage communication among the AP control 
ler 106 the femtocell controller 107, the APs 114, the femto 
cells 112, and the UEs 116. 

[0072] The memory 246 may comprise suitable logic, cir 
cuitry, and/or code that may enable storage or programming 
of information that includes, for example, parameters and/or 
code that may effectuate the operation of the FC-to-WLAN 
netWork bridge and controller 110. Parameters may comprise 
con?guration data and the code may comprise operational 
code such as softWare and/or ?rmware, but the information 
need not be limited in this regard. Moreover, the parameters 
may include adaptive ?lter and/or block coef?cients. Addi 
tionally, the memory 246 may buffer or otherWise store 
received data and/ or data to be transmitted. In various 
embodiments of the invention, the memory 246 may com 
prise QoS and/or control parameters for tra?ic managed by 
the FC-to-WLAN netWork bridge and controller 1 1 0. In addi 
tion, one or more look-up tables, Which may be utiliZed to 
determine the UEs 116 Within a coverage area of the APs 114 
and the UEs 116 that are Within a coverage area of the fem 
tocells 112, may be stored in the memory 246. The memory 
246 may also store operating parameters determined for, or 
received from, one or more of the AP controller 107, the 
femtocell controller 107, APs 114, and femtocells 112. 
[0073] The DSP 248 may comprise suitable logic, circuitry, 
and/or code that may be operable to perform computationally 
intensive processing of data. In various embodiments of the 
invention, the DSP 248 may be operable to handle exemplary 
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operations comprising encoding, decoding, modulating, 
demodulating, encryption, decryption, scrambling, descram 
bling, and/ or otherwise processing of data. In various 
embodiments of the invention, the DSP 248 may be enabled 
to calculate and adjust parameters such as transmitted signal 
strength, antenna directionality, and data rate of communica 
tion of the AP controller 106, the femtocell controller 107, the 
APs 114, and/or the femtocells 112. 

[0074] In operation, the FC-to-WLAN netWork bridge and 
controller 110 may allocate bandWidth on the connections 
101a and 10119 for theAPs 114 and the femtocells 112. In this 
regard, the FC-to-WLAN netWork bridge and controller 110 
may enable determination of Which AP 114 or femtocell 112 
may handle a call and/or session With a UE 116. In addition, 
the FC-to-WLAN netWork bridge and controller 110 may 
manage quality of service (QoS) for femtocell and AP tra?ic 
that is transported to the backbone 102 via the AP controller 
106 and the femtocell controller 107. In various embodiments 
of the invention, the FC-to-WLAN netWork bridge and con 
troller 110 may communicate control information to the AP 
controller 106 and the femtocell controller 107 and receive 
measurements and/or status from them. For example, the AP 
controller 106 and the femtocell controller 107 may commu 
nicate received signal strengths, RF interference and/ or band 
Width availability that may be utiliZed to determine neW oper 
ating parameters and/or hoW to assign neW calls and/or 
communication sessions. In this regard, the FC-to-WLAN 
netWork bridge 110 may manage communication among 
femtocells 112, among APs 114 and betWeen femtocells 112 
and APs 114. 

[0075] In various embodiments of the invention, the FC-to 
WLAN netWork bridge and controller 110 may be controlled 
and/or con?gured via a user interface. For example, a user 
may log into the FC-to-WLAN netWork bridge and controller 
110 via a Web broWser. In this regard, a user interface may 
enable a netWork administrator to con?gure parameters such 
as antenna directionality, frequencies of operation, transmit 
poWer, permissions, and security settings. The user interface 
may also enable the administrator to enter location informa 
tion of the FC-to-WLAN netWork bridge and controller 110. 
In this regard, a netWork administrator may enter, for 
example, a canonical name to be associated With the FC-to 
WLAN netWork bridge and controller 110, a street address 
for the location of the FC-to-WLAN netWork bridge and 
controller 110, and/or a building or location name in an enter 
prise system. The location information may be communi 
cated among the WLAN access point 106, the femtocell con 
troller 107, and the netWork FC-to-WLAN bridge and 
controller 110. Additionally or alternatively, the location 
information may be managed hierarchically. In this regard, 
the femtocell controller 107 and the AP controller 106 may 
determine and store location information for femtocells 112 
and APs 114 With Which they communicate, respectively. 
Furthermore, the femtocell controller 107 and the AP control 
ler 106 may communicate the determined femtocell and AP 
location information along With information about their oWn 
locations to the FC-to-WLAN netWork bridge and controller 
110. Accordingly, the FC-to-WLAN netWork bridge and con 
troller 110 may store location information for each femtocell 
controller 1 07 andAP controller With Which it communicates, 
and the femtocells and APs With Which those controllers 
communicate. 

[0076] FIG. 3A is a block diagram of an exemplary femto 
cell, in accordance With an embodiment of the invention. 
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Referring to FIG. 3A, there is shoWn a femtocell 112 com 
prising a GNSS receiver 202, a processer 304, a memory 306, 
a DSP 308, a cellular Tx/Rx 308, and a femtocell controller 
communications (FC Comm) Tx/Rx 310. The femtocell 112 
may be as described With respect to FIGS. 1A and 1B. 

[0077] The FC Comm Tx/ Rx 310 may be substantially 
similar to the femtocell communications Tx/Rx 222 
described With respect to FIGS. 2B and 2C. 

[0078] The GNSS receiver 301 may be similar to the GNSS 
receiver 202 described With respect to FIG. 2A. GNSS coor 
dinates determined based on received GNSS signals may be 
utiliZed in managing communications by the femtocell 112. 
Determined GNSS coordinates may be communicated to 
other devices in a netWork such as the femtocell controller 
107, the AP controller 106, and the FC-to-WLAN netWork 
bridge and controller 110. Accordingly, the location of the 
femtocell 112 may be a determining factor in deciding hoW to 
manage data communicated in a multi-standard netWork such 
as the sub-network 118 (FIG. 1B). 
[0079] The cellular Tx/Rx 308 may comprise suitable logic 
circuitry and/or code that may be operable to transmit and/or 
receive voice and/or data utiliZing one or more cellular stan 
dards. The cellular Tx/Rx 308 may be operable to perform 
ampli?cation, doWn-conversion, ?ltering, demodulation, and 
analog to digital conversion of received cellular signals and/ 
or cellular signals to be transmitted. The cellular Tx/ Rx 308 
may be operable to support communication over a plurality of 
communication channels utiliZing time division multiple 
access (TDMA), code division multiple access (CDMA) and/ 
or orthogonal frequency division multiplexing (OFDM) for 
example. In addition, exemplary cellular standards supported 
by the femtocells 112 may be speci?ed in the International 
Mobile Telecomunnications-2000 (IMT-2000) standard and/ 
or developed by the 3rd generation partnership project (3 GPP) 
and/or the 3rd generation partnership project 2 (3GPP2). In 
various embodiments of the invention, the cellular Tx/ Rx 308 
may be enabled to measure received signal strength and may 
adjust a poWer level and/or a modulation scheme or level of 
transmitted signals. The cellular Tx/Rx 308 may transmit and 
receive via an antenna 218e and antenna directionality may be 
controlled via one or more control signals and/or based on 
received control data. Additionally, transmitted signal 
strength of the cellular Tx/Rx 308 may be controlled via one 
or more control signals and/ or based on received control data. 

[0080] The processor 304 may comprise suitable logic, cir 
cuitry, and/or code that may enable processing data and/or 
controlling operations of the femtocell 112. In this regard, the 
processor 304 may be enabled to provide control signals to 
the various other blocks Within the femtocell, for example the 
DSP 308, memory 306 and/or Tx/Rx 308. The processor 304 
may also control data transfers betWeen various portions of 
the femtocell 112. Additionally, the processor 304 may 
enable execution of applications programs and/or code. In 
various embodiments of the invention, the applications, pro 
grams, and/or code may enable, for example, parsing, 
transcoding, and/or otherWise processing data. In various 
embodiments of the invention, the applications, programs, 
and/or code may enable, for example, con?guring or control 
ling operation of the cellular transmitter and/ or receiver 308, 
the broadband transmitter and/or receiver 156, the DSP 308, 
and/ or the memory 3 06. In various embodiments of the inven 
tion, the processor 304 may receive control information from 
the femtocell controller 107. In this regard, the processor 304 
may be enabled to provide one or more signals to the cellular 
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Tx/Rx 308, the memory 306, and/or the DSP 308 to control 
communication between the femtocell 112 and an end-user 
device 116. In addition, the processor 304 may control exem 
plary parameters comprising power level, modulation 
scheme, error coding scheme, and/ or data rates of transmitted 
cellular signals. 
[0081] The memory 306 may comprise suitable logic, cir 
cuitry, and/or code that may enable storage or programming 
of information that includes parameters and/or code that may 
effectuate the operation of the femtocell 112. A portion of the 
programming information and/or parameters may be 
received from the femtocell controller 107. The parameters 
may comprise con?guration data and the code may comprise 
operational code such as software and/or ?rmware, but the 
information need not be limited in this regard. Moreover, the 
parameters may include adaptive ?lter and/or block coef? 
cients. Additionally, the memory 3 06 may buffer or otherwise 
store received data and/or data to be transmitted. In various 
embodiments of the invention, the memory 306 may com 
prise one or more look-up tables which may be utiliZed for 
determining cellular devices to be serviced by the femtocell 
112. 

[0082] The DSP 308 may comprise suitable logic, circuitry, 
and/or code operable to perform computationally intensive 
processing of data. In various exemplary embodiments of the 
invention, the DSP 308 may operable to encode, decode, 
modulate, demodulate, encrypt, decrypt, scramble, 
descramble, and/ or otherwise process data. In various 
embodiments of the invention, the DSP 308 may be enabled 
to adjust a modulation scheme, error coding scheme, and/or 
data rates of transmitted cellular signals data. 
[0083] In operation, the femtocell 112 may handle commu 
nication between one or more UEs 116 and a remote commu 

nication device, for example, the telephone 12411, the laptop 
1241) and/or the application server 1240. The FC Comm 
Tx/Rx 310 may receive communication management mes 
sages from the femtocell controller 107. The processor 304 
may utiliZe the received management messages to con?gure 
the cellular Tx/ Rx 308 and/or the DSP 308 with control 
parameters for a communication channel to the UEs 116. 
Control parameters may comprise transmission power levels, 
error coding scheme for transmitted cellular signals, data 
rates for transmitted cellular signals, and modulation scheme 
for transmitted signals. Additionally, management messages 
from the femtocell controller 107 may be communicated to 
the UEs 116 via the cellular Tx/ Rx 308. Additionally, the FC 
comm. Tx/ Rx 310 may transmit and receive data to and from 
the FC controller 107. Likewise, the cellular Tx/Rx 308 may 
transmit and receive data to and from one or more UEs 116. 

[0084] The cellular Tx/Rx 308 may determine characteris 
tics such as interference levels and signal strength of desired 
signals received via a cellular communication channel. Simi 
larly, the DSP 308 and/ or the processor 304 may be operable 
to determine bit error rates of data received via a cellular 
communication channel and available bandwidth of the chan 
nel. The measurements may be communicated to the FC 
controller 107 by the FC comm Tx/Rx 310 via the wired 
interface 213 and/ or the wireless interface 211. Additionally, 
the femtocell 112 may receive feedback from a UE 116 on the 
other end of a cellular communication channel and the 
received feedback information may be communicated to the 
FC controller 107 by the FC comm Tx/Rx 310. 

[0085] In various embodiments of the invention, the fem 
tocell 112 may be controlled and/or con?gured via a user 
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interface. For example, a user may log into the femtocell 112 
via a web browser. In this regard, a user interface may enable 
a network administrator to con?gure parameters such as 
antenna directionality, frequencies of operation, transmit 
power, permissions, and security settings. The user interface 
may also enable the administrator to enter location informa 
tion of the femtocell 112. In this regard, a network adminis 
trator may enter, for example, a canonical name to be associ 
ated with the femtocell 112, a street address for the location of 
the femtocell 112, and/or a building or location name in an 
enterprise system. The location information may be commu 
nicated among the WLAN access point 106, the femtocell 
controller 107, and the network FC-to-WLAN bridge and 
controller 110. Additionally or alternatively, the location 
information may be managed hierarchically. In this regard, 
the femtocell 112 may determine and store location informa 
tion for UEs 116 with which it communicates. Furthermore, 
the femtocell 112 may communicate the determined UE 116 
location information along with its own location information 
to the femtocell controller 107. 

[0086] FIG. 3B is a block diagram of an exemplary access 
point, in accordance with an embodiment of the invention. 
Referring to FIG. 3B, there is shown an AP 114 comprising a 
GNSS receiver 202, a processer 304, a memory 306, a DSP 
308, a cellular Tx/Rx 308, and a femtocell controller commu 
nications (FC Comm) TX/Rx 310. The access point 114 may 
be as described with respect to FIGS. 1A and 1B. 

[0087] The FC Comm Tx/Rx 310 may be substantially 
similar to the femtocell communications Tx/Rx 222 
described with respect to FIGS. 2B and 2C. 

[0088] The GNSS receiver 321 may be similar to the GNSS 
receiver 202 described with respect to FIG. 2A. GNSS coor 
dinates determined based on received GNSS signals may be 
utiliZed in managing communications by the AP 114. Deter 
mined GNSS coordinates may be communicated to other 
devices in a network such as the femtocell controller 107, the 
AP controller 106, and the FC-to-WLAN network bridge and 
controller 110. Accordingly, the location of the AP 114 may 
be a determining factor in deciding how to manage data 
communicated in a multi-standard network such as the sub 

network 118 (FIG. 1B). 
[0089] The Wi-Fi Tx/Rx 332 may comprise suitable logic 
circuitry and/or code that may be operable to transmit and/or 
receive data to the UEs 116 utiliZing IEEE 802.11 standards. 
In various embodiments of the invention, an AP 114 may 
utiliZe the same Wi-FiTx/Rx 332 for communicating with 
UEs 116 and with the AP controller 106. The Wi-Fi Tx/Rx 
332 may comprise suitable logic, circuitry, and/or code that 
may be operable to transmit and/or receive data to and/or 
from one or more APs 114 via the wireless interface 333. The 
Wi-Fi Tx/Rx 332 may be operable to perform exemplary 
operations or functions comprising ampli?cation, down-con 
version, ?ltering, demodulation, and analog to digital conver 
sion of received signals and/or signals to be transmitted. In 
various exemplary embodiments of the invention, a connec 
tion 113 (FIG. IE) to one or more UEs 116 may be established 
via the interface 333 utiliZing IEEE 802.11 protocols. The 
Wi-Fi Tx/Rx 332 may transmit and receive via an antenna 
218g and antenna directionality may be controlled via one or 
more control signals and/or based on received control data. 
Additionally, transmitted signal strength of the Wi-Fi Tx/ Rx 
may be controlled via one or more control signals and/or 
based on received control data. 










