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(57) ABSTRACT 

Systems, methods, and devices are described for Supporting 
macrocell-to-femtocell hand-ins of active macro communi 
cations for mobile devices. An out-of-band (OOB) link is 
used to detect that a mobile device is in proximity of a fem 
tocell. Having detected the mobile device in proximity to the 
femtocell, an OOB proximity detection is communicated to a 
femtocell gateway disposed in a core network in communi 
cation with the macro network to effectively pre-register the 
mobile device with the femto-convergence system. When the 
femtocell gateway receives a handover request from the 
macro network implicating the pre-registered mobile device, 
it is able to reliably determine the appropriate target femtocell 
to use for the hand-in according to the pre-registration, even 
where identification of the appropriate target femtocell would 
otherwise be unreliable. Some embodiments may also han 
dling registering the mobile device after a handover request 
has occurred, including tiered approaches. 
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UNIQUELY IDENTIFYING TARGET 
FEMTOCELL TO EACILITATE 

FEMTO-ASSISTED ACTIVE HAND-N 

CROSS REFERENCES 

0001. The present Application claims priority to Provi 
sional Application No. 61/393,533 entitled “Uniquely Iden 
tifying Target Femtocell to Facilitate Femto-Assisted Active 
Hand-in' filed Oct. 15, 2010, and assigned to the assignee 
hereof and hereby expressly incorporated by reference 
herein. This application is also related to: U.S. patent appli 
cation Ser. No. entitled “PROXIMITY DETEC 
TION FOR FEMTOCELLS USING OUT OF-BAND 
LINKS,” and referenced as Qualcomm Docket No. 102971, 
and U.S. patent application Ser. No. entitled “FEM 
TOCELL INDICATION OF MOBILE DEVICE PROXIM 
ITY AND TRANSMISSION OF MOBILE IDENTITY TO 
ASSIST IN RESOLVING FEMTOCELL DISAMBIGUA 
TION,” and referenced as Qualcomm Docket No. 110936, 
each assigned to the assignee hereof and hereby expressly 
incorporated by reference herein. 

BACKGROUND 

0002 Communication networks are in wide use today, and 
often have multiple devices in communication over wireless 
links to carry Voice and data. Many of these devices, such as 
cellular phones, Smartphones, laptops, and tablets, are 
mobile, and may connect with a network wirelessly via a base 
station, access point, wireless router, or Node B (collectively 
referred to herein as “access points'). A mobile device may 
remain within the service area of Such an access point for a 
relatively long period of time (thereby being “camped on the 
access point) or may travel relatively rapidly through access 
point service areas, with cellular handover or reselection 
techniques being used for maintaining a communication ses 
Sion, or for idle mode operation as association with access 
points is changed. 
0003 Issues with respect to available spectrum, band 
width, or capacity may result in an access being unavailable 
or inadequate between certain mobile devices and an access 
point. Likewise, issues with respect to wireless signal propa 
gation (e.g., shadowing, multipath fading, interference, etc.) 
may result in access being unavailable for particular mobile 
devices. 
0004 Cellular networks have employed the use of various 
cell types. Such as macrocells, microcells, picocells, and fem 
tocells, to provide desired bandwidth, capacity, and wireless 
communication coverage within service areas. Femtocells 
may be used to provide wireless communication in areas of 
poor network coverage (e.g., inside of buildings), to provide 
increased network capacity, and to utilize broadband network 
capacity forbackhaul. There may be a need in the art for novel 
functionality to accurately identify femtocells for a macrocell 
to femtocell hand-in. 

SUMMARY 

0005. The present disclosure is directed to systems and 
methods for Supporting macrocell-to-femtocell hand-ins of 
active macro communications for mobile devices. A femto 
cell detects a mobile device in its proximity (e.g., using an 
out-of-band link established by an out-of-band radio inte 
grated with the femtocell as part of a femto-proxy system). 
Having detected the mobile device in its proximity, the fem 
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tocell communicates an OOB presence indicator to pre-reg 
ister the mobile device with a femtocellgateway (e.g., another 
type of interface gateway) disposed in a core network in 
communication with the macro network. When the femtocell 
gateway receives a handover request from the macro network 
implicating the pre-registered mobile device, the femtocell 
gateway is able to reliably determine the appropriate femto 
cell to use for the hand-in according to the OOB presence 
indication. The OOB presence indication can be carried in an 
existing message between femtocell and femtocell gateway 
Such as a registration message, handover response message, 
or an OOB presence message can be defined to communicate 
this indication. 

0006. Some embodiments include a method for macro 
cell-to-femtocell hand-in. A user equipment may be in proX 
imity to a femtocell using an out-of-band (OOB) communi 
cations link. A user equipment identifier may be identified 
corresponding to the user equipment detected in proximity to 
the femtocell using the OOB communications link. The user 
equipment may be registered for hand-in from a macrocell to 
the femtocell by communicating, from the femtocell to a 
femtocell gateway, the user equipment identifier and indicat 
ing OOB proximity detection of the user equipment at the 
femtocell. 
0007 Identifying the user equipment identifier may 
include receiving an OOB identifier associated with the user 
equipment identifier over the OOB communications link. 
Identifying the user equipment identifier may include receiv 
ing a macro identifier associated with the user equipment 
identifier over the OOB communications link. Registering the 
user equipment for hand-in from the macrocell to the femto 
cell may include transmitting a registration message from the 
femtocell to the femtocell gateway. Registering the user 
equipment for hand-in from the macrocell to the femtocell 
may include transmitting an OOB indication message from 
the femtocell to the femtocell gateway. 
0008. In some embodiments, the method for macrocell-to 
femtocell hand-in may further include utilizing a user equip 
ment mapping between a macro identifier of the user equip 
ment with the OOB identifier to determine the user equipment 
identifier. Detecting the user equipment in proximity to the 
femtocell may include paging the user equipment over the 
OOB communications link; and detecting a response to the 
paging from the user equipment over the OOB communica 
tions link. The response may include the OOB identifier of the 
user equipment. In some embodiments, the response may 
include the macro identifier for the user equipment. 
0009. In some embodiments, the method for macrocell-to 
femtocell hand-in may further include receiving a handover 
request for the user equipment at the femtocell from the 
femtocell gateway, the handover request being configured to 
direct the user equipment to hand off active communications 
with the macro network from the macrocell to the femtocell. 
The handover request may be received Subsequent to regis 
tering the user equipment for hand-in from the macrocell to 
the femtocell. The handover request may be received prior to 
registering the user equipment for hand-in from the macrocell 
to the femtocell; and detecting the user equipment may 
include detecting the user equipment in response to receiving 
the handover request. Detecting the user equipment in 
response to receiving the handover request may include 
detecting the user equipment over the OOB communications 
link utilizing an OOB identifier of the user equipment. In 
Some embodiments, detecting the user equipment in response 
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to receiving the handover request may include detecting the 
user equipment over the OOB communications link utilizing 
a macro identifier of the user equipment. Registering the user 
equipment may further include transmitting a handover 
response accepting the handover request. 
0010. In some embodiments, the method for macrocell-to 
femtocell hand-in may further include detecting a loss of the 
OOB communications link between the user equipment and 
the femtocell. The user equipment may be de-registered 
according to detecting the loss of the OOB communications 
link. 

0011. In some embodiments, the femtocell is one of mul 
tiple femtocells on a macro network, each femtocell having a 
first femtocell identifier according to which the femtocell is 
non-uniquely addressable by the macro network and a second 
femtocell identifier according to which the femtocell is 
uniquely addressable by the femtocell gateway. In some 
embodiments, the OOB communications link includes a 
Bluetooth link. The first femtocell identifier of each respec 
tive femtocell may include a primary scrambling code (PSC) 
of the respective femtocell. The user equipment identifier 
may include a macro identifier associated with the user equip 
ment. The macro identifier may include a International 
Mobile Subscriber Identity (IMSI) associated with the user 
equipment. 
0012 Some embodiments include a femtocell that may 
include an in-band frequency module, communicatively 
coupled with a macro network via a femtocell gateway and 
configured to provide cellular network access to user equip 
ments. The femtocell may include an out-of-band (OOB) 
frequency module, communicatively coupled with the in 
band frequency module and configured to communicate with 
the user equipments over an OOB communications link. The 
femtocell may include a communications management Sub 
system, communicatively coupled with the in-band fre 
quency module and the OOB frequency module, and config 
ured to: detect a user equipment in proximity to the femtocell 
using an out-of-band (OOB) communications link: identify a 
user equipment identifier corresponding to the user equip 
ment detected in proximity to the femtocell using the OOB 
communications link; and registerfor the user equipment for 
hand-in from a macrocell to the femtocell by communicating, 
from the femtocell to a femtocell gateway, the user equipment 
identifier and indicating OOB proximity detection of the user 
equipment at the femtocell. 
0013 The communications management Subsystem may 
be configured to identify the user equipment identifier using a 
configuration to receive a macro identifier associated with the 
user equipment identifier over the OOB communications 
link. The communications management Subsystem may be 
configured to identify the user equipment identifier using a 
configuration to receive an OOB identifier associated with the 
user equipment identifier over the OOB communications 
link. The communications management Subsystem may be 
configured to register the user equipment using a configura 
tion to transmit a registration message from the femtocell to 
the femtocell gateway. The communications management 
Subsystem may be configured to register the user equipment 
using a configuration to transmit an OOB indication message 
from the femtocell to the femtocell gateway. 
0014. The communications management Subsystem may 
be further configured to utilize a user equipment mapping 
between a macro identifier of the user equipment with a OOB 
identifier to determine the user equipment identifier. The 
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communications management Subsystem configured to 
detect the user equipment in proximity to the femtocell may 
be configured to: page the user equipment over the OOB 
communications link; and/or detect a response to the paging 
from the user equipment over the OOB communications link. 
The response may include a macro identifier and/or an OOB 
identifier of the user equipment. 
0015 The communications management Subsystem may 
be further configured to: receive a handover request for the 
user equipment at the femtocell from the femtocell gateway, 
the handover request being configured to direct the user 
equipment to hand off active communications with the macro 
network from the macrocell to the femtocell. The handover 
request may be received Subsequent to registering the user 
equipment for hand-in from the macrocell to the femtocell. 
The handover request may be received prior to registering the 
user equipment for hand-in from the macrocell to the femto 
cell. The communications management Subsystem may be 
configured to detect the user equipment by detecting the user 
equipment in response to receiving the handover request. The 
communications management Subsystem may be configured 
to detect the user equipment in response to receiving the 
handover request using a configuration to detect the user 
equipment over the OOB communications link utilizing an 
OOB identifier of the user equipment. In some embodiments, 
a macro identifier of the user equipment may be utilized. 
0016. In some embodiments, the communications man 
agement Subsystem may be further configured to detect a loss 
of the OOB communications link between the user equipment 
and the femtocell. The user equipment may be de-registered 
according to detecting the loss of the OOB communications 
link. In some embodiments, the communications manage 
ment Subsystem may be further configured to transmit a han 
dover response accepting the handover request as part of 
registering the user equipment. In some embodiments, the 
femtocell is one of multiple femtocells on a cellular network, 
each femtocell having a first femtocell identifier according to 
which the femtocell is non-uniquely addressable by the 
macro network and a second femtocell identifier according to 
which the femtocell is uniquely addressable by the femto 
gateway. 
0017. Some embodiments include a processor for macro 
cell-to-femtocell hand-in. The processor may include a com 
munications management controller that may be configured 
to: detect a user equipment in proximity to the femtocell using 
an out-of-band (OOB) communications link: identify a user 
equipment identifier corresponding to the user equipment 
detected in proximity to the femtocell using the OOB com 
munications link; and/or register the user equipment for 
hand-in from a macrocell to the femtocell by communicating, 
from the femtocell to a femtocell gateway, the user equipment 
identifier and indicating OOB proximity detection of the user 
equipment at the femtocell. 
0018. Some embodiments include computer program 
product for macrocell-to-femtocell hand-in residing on a pro 
cessor-readable medium and including processor-readable 
instructions, which, when executed, cause a processor to per 
form steps that may include: detecting a user equipment in 
proximity to a femtocell using an out-of-band (OOB) com 
munications link: identifying a user equipment identifier cor 
responding to the user equipment detected in proximity to the 
femtocell using the OOB communications link; and/or regis 
tering the user equipment for hand-in from a macrocell to the 
femtocell by communicating, from the femtocell to a femto 
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cell gateway, the user equipment identifier and indicating 
OOB proximity detection of the user equipment at the fem 
tocell. 

0019. Some embodiments include a system for macrocell 
to-femtocell hand-in. The system may include: means for 
detecting a user equipment in proximity to the femtocell 
using an out-of-band (OOB) communications link; means for 
identifying a user equipment identifier corresponding to the 
user equipment detected in proximity to the femtocell using 
the OOB communications link; and/or means for registering 
the user equipment for hand-in from a macrocell to the fem 
tocell by communicating, from the femtocell to a femtocell 
gateway, the user equipment identifier and indicating 00B 
proximity detection of the user equipment at the femtocell. 
0020 Some embodiments include a method for macro 
cell-to-femtocell hand-in. The method may include receiv 
ing, at a femtocell gateway from a macro network, a handover 
request configured to direct a user equipment to hand off 
active communications with the macro network from a mac 
rocell to a designated femtocell with a first femtocell identi 
fier. It may be determined, at the femtocell gateway, whether 
any of multiple femtocells registered the user equipment with 
the femtocellgateway prior to receiving the handover request. 
The handover request may be communicated, from the fem 
tocell gateway, to the designated femtocell. 
0021 Determining, at the femtocell gateway, whether any 
of the multiple femtocells registered the user equipment with 
the femtocell gateway prior to receiving the handover request 
may include determining a registering femtocell from the 
plurality of femtocells that has registered the user equipment 
prior to receiving the handover request; and/or determining 
that the registering femtocell is the designated femtocell with 
the first femtocell identifier. The method for macrocell-to 
femtocell hand-in may further include receiving an acknowl 
edgement message from the registering femtocell. 
0022 Determining, at the femtocell gateway, whether any 
of the multiple femtocells registered the user equipment with 
the femtocell gateway prior to receiving the relocation 
request may include determining that none of the multiple 
femtocells registered the user equipment prior to receiving 
the handover request. The method may further include deter 
mining a set of candidate femtocells from the multiple fem 
tocells registered at the femto gateway. The set of candidate 
femtocells may be identified by at least the first femtocell 
identifier. Each of the set of candidate femtocells may be 
directed to detect whether the user equipment is in its proX 
imity. An indication may be received from a successful fem 
tocell of the candidate femtocells that the user equipment is in 
its proximity. It may be determined that the successful fem 
tocell is the designated femtocell. In some embodiments, the 
method may further include monitoring an elapsed time Sub 
sequent to directing the set of candidate femtocells to detect 
whether the user equipment is in its proximity; and determin 
ing whether the indication from one of the candidate femto 
cells that the user equipment is in its proximity is received 
while the elapsed time is within a predefined time limit. 
0023 Determining, at the femtocell gateway, whether any 
of the multiple femtocells registered the user equipment prior 
to receiving the handover request may include determining 
whether an OOB proximity detection is received from any of 
the plurality of femtocells prior to receiving the handover 
request. The OOB proximity indication may include a macro 
identifier of the user equipment. 
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0024 Determining, at the femtocell gateway, whether any 
of the multiple femtocells registered the user equipment prior 
to receiving the handover request may include determining 
whether an OOB proximity indication is received from any of 
the multiple femtocells prior to receiving the handover 
request. The OOB proximity indication may include an OOB 
identifier of the user equipment. A macro identifier of the user 
equipment corresponding to the OOB identifier of the user 
equipment may be determined. 
0025. The method of macrocell-to-femtocell hand-in may 
further include determining whether the designated femtocell 
is uniquely addressable by the femtocell gateway according 
to the first femtocell identifier. Communicating, from the 
femtocell gateway, the handover request to designated fem 
tocell may utilize the first femtocell identifier. 
0026 Determining, at the femtocell gateway, whether any 
of the multiple femtocells registered the user equipment prior 
to receiving the handover request may include determining 
whether two or more femtocells of the multiple femtocells are 
addressable by the femtocell gateway according to the first 
femtocell identifier. Determining whether the designated 
femtocell is one of the two or more femtocells addressable 
according to the first femtocell identifier may utilize a second 
femtocell identifier. 

0027. In some embodiments, the method of macrocell-to 
femtocell hand-in may further include determining a set of 
candidate femtocells from the multiple femtocells; and 
directing, using an OOB hand-in cause value in the handover 
request, each of the set of candidate femtocells to detect 
whether the user equipment is in its proximity. The method 
may further include receiving an OOB accept message from 
one of the candidate femtocells. The OOB accept message 
may indicate that the one of the candidate femtocells detects 
the user equipment in its proximity. The method may include 
identifying one of the candidate cells associated with the 
OOB accept message as the designated femtocell. In some 
embodiments, the method may further receiving at least an 
OOB reject message from one or more of the candidate fem 
tocells or an error indication message from one or more of the 
candidate femtocells and no OOB accept messages; and/or 
transmitting to each of the candidate femtocells a handover 
request with a normal cause value. The method may further 
include receiving at least a blind accept or a blind reject from 
one or more of the candidate femtocells; and/or identifying 
one of the candidate femtocells associated with a blind accept 
as the designated femtocell. 
0028. Some embodiments include a femtocell gateway 
that may include a macro network interface Subsystem con 
figured to communicate with a core node of a macro network 
and configured to receive communications from the macro 
network. The femtocell gateway may include a femtocell 
interface Subsystem configured to communicate with mul 
tiple femtocells. The femtocell gateway may include a com 
munications management Subsystem, communicatively 
coupled with the macro network interface subsystem and the 
femtocell interface Subsystem, and may be configured to: 
receive, from the macro network, a handover request config 
ured to direct a user equipment to hand off active communi 
cations with the macro network from a macrocell to a desig 
nated femtocell with a first femtocell identifier; determine 
whether any of the multiple femtocells registered the user 
equipment with the femtocell gateway prior to receiving the 
handover request; and/or communicate the handover request 
to designated femtocell. 
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0029. To determine whether any of the multiple femtocells 
registered the user equipment with the femtocell gateway 
prior to receiving the handover request, the communications 
management Subsystem may be configured to: determine a 
registering femtocell from the multiple femtocells that has 
registered the user equipment prior to receiving the handover 
request; and/or determine that the registering femtocell is the 
designated femtocell with the first femtocell identifier. The 
communications management Subsystem may be further con 
figured to: receive an acknowledgement message from the 
registering femtocell. 
0030 To determine whether any of the multiple femtocells 
registered the user equipment with the femtocell gateway 
prior to receiving the handover request, the communications 
management Subsystem may be configured to: determine that 
none of the multiple femtocells registered the user equipment 
prior to receiving the handover request. The communications 
management Subsystem may be further configured to deter 
mine a set of candidate femtocells from the multiple femto 
cells. The candidate femtocells may be identified by at least 
the first femtocell identifier. Each of the candidate femtocells 
may be directed to detect whether the user equipment is in its 
proximity. An indication may be received from a Successful 
femtocell of the candidate femtocells that the user equipment 
is in its proximity. It may be determined that the successful 
femtocell is the designated femtocell. The communications 
management Subsystem may be further configured to: moni 
tor an elapsed time Subsequent to directing the set of candi 
date femtocells to detect whether the user equipment is in its 
proximity; and/or determine whether the indication from one 
of the candidate femtocells that the user equipment is in its 
proximity is received while the elapsed time is within a pre 
defined time limit. 

0031. To determine whether any of the multiple femtocells 
registered the user equipment with the femtocell gateway 
prior to receiving the handover request, the communications 
management Subsystem may be further configured to deter 
mine whether an OOB proximity indication is received from 
any of the multiple femtocells prior to receiving the handover 
request, wherein the OOB proximity indication comprises a 
macro identifier of the user equipment. To determine whether 
any of the multiple femtocells registered the user equipment 
with the femtocell gateway prior to receiving the handover 
request, the communications management Subsystem may be 
further configured to: determine whether an OOB proximity 
detection is received from any of the multiple femtocells prior 
to receiving the handover request, wherein the OOB proxim 
ity indication comprises an OOB identifier of the user equip 
ment; and/or determine a macro identifier of the user equip 
ment corresponding to the OOB identifier of the user 
equipment. 
0032. In some embodiments, the communications man 
agement Subsystem may be further configured to: determine 
whether the designated femtocell is uniquely addressable by 
the femtocell gateway according to the first femtocell identi 
fier. Communicating the handover request to designated fem 
tocell may utilize the first femtocell identifier. 
0033. In some embodiments, the communications man 
agement Subsystem configured to determine whether any of 
the multiple femtocells registered the user equipment prior to 
receiving the handover request may include a configuration 
to: determine whether two or more femtocells of the multiple 
femtocells are addressable by the femtocell gateway accord 
ing to the first femtocell identifier; and/or determine whether 
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the designated femtocell is one of the two or more femtocells 
addressable according to the first femtocell identifier utilizing 
a second femtocell identifier. 
0034. In some embodiments, the communications man 
agement Subsystem may be further configured to: determine 
a set of candidate femtocells from the multiple femtocells; 
and direct, using an OOB hand-in cause value in the handover 
request, each of the candidate femtocells to detect whether the 
user equipment is in its proximity. The communications man 
agement Subsystem may be further configured to: receive an 
OOB accept message from one of the candidate femtocells, 
wherein the OOB accept message indicates that the one of the 
candidate femtocells detects the user equipment in its proX 
imity; and/or identify the one of the candidate cells as the 
designated femtocell. The communications management 
Subsystem may be further configured to: receive at least an 
OOB reject message from one or more of the candidate fem 
tocells or an error indication message from one or more of the 
candidate femtocells and no OOB accept messages; and 
transmit to each of the candidate femtocells a handover 
request with a normal cause value. The communications man 
agement Subsystem may be further configured to: receive at 
least a blind accept or a blind reject from one or more of the 
candidate femtocells; and/or identify one of the candidate 
femtocells associated with a blind accept as the designated 
femtocell. 
0035) Some embodiments include a processor for macro 
cell-to-femtocell hand-in in a femtocell gateway. The proces 
sor may include a communications management controller 
configured to: receive, from the macro network, a handover 
request configured to direct a user equipment to hand off 
active communications with the macro network from a mac 
rocell to a designated femtocell with a first femtocell identi 
fier; determine whether any of a plurality of femtocells reg 
istered the user equipment with the femtocellgateway prior to 
receiving the handover request; and/or communicate the han 
dover request to the designated femtocell. 
0036 Some embodiments include a computer program 
product for macrocell-to-femtocell hand-in residing on a pro 
cessor-readable medium disposed at a femtocell gateway and 
including a processor-readable instructions, which, when 
executed, cause a processor to perform steps that may include 
receiving, from a macro network, a handover request config 
ured to direct a user equipment to hand off active communi 
cations with the macro network from a macrocell to a desig 
nated femtocell with a first femtocell identifier; determining 
whether any of a plurality of femtocells registered the user 
equipment with the femtocell gateway prior to receiving the 
handover request; and/or communicating the handover 
request to the designated femtocell. 
0037. Some embodiments include system for macrocell 
to-femtocell hand-in that may include: means for receiving, 
from a macro network, a handover request configured to 
direct a user equipment to hand off active communications 
with the macro network from a macrocell to a designated 
femtocell with a first femtocell identifier; means for deter 
mining whether any of a plurality of femtocells registered the 
user equipment with the femtocell gateway prior to receiving 
the handover request; and/or means for communicating the 
handover request to the designated femtocell. 
0038. The foregoing has outlined rather broadly examples 
according to disclosure in order that the detailed description 
that follows may be better understood. Additional features 
will be described hereinafter. The conception and specific 
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examples disclosed may be readily utilized as a basis for 
modifying or designing other structures for carrying out the 
same purposes of the present disclosure. Such equivalent 
constructions do not depart from the spirit and scope of the 
appended claims. Features which are believed to be charac 
teristic of the concepts disclosed herein, both as to their 
organization and method of operation, together with associ 
ated advantages will be better understood from the following 
description when considered in connection with the accom 
panying figures. Each of the figures is provided for the pur 
pose of illustration and description only and not as a definition 
of the limits of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039. A further understanding of the nature and advan 
tages of examples provided by the disclosure may be realized 
by reference to the remaining portions of the specification and 
the drawings wherein like reference numerals are used 
throughout the several drawings to refer to similar compo 
nents. In some instances, a Sub-label is associated with a 
reference numeral to denote one of multiple similar compo 
nents. When reference is made to a reference numeral without 
specification to an existing Sub-label, the reference numeral 
refers to all Such similar components. 
0040 FIG. 1 shows a block diagram of a wireless commu 
nications system in accordance with various embodiments; 
0041 FIG. 2A shows a block diagram of a wireless com 
munications system that includes a femtocell in accordance 
with various embodiments; 
0042 FIG. 2B shows a block diagram of a wireless com 
munications system that another femtocell in accordance 
with various embodiments; 
0043 FIG. 3 shows a block diagram of an example of a 
processor module for implementing functionality of a com 
munications management Subsystem inaccordance with vari 
ous embodiments; 
0044 FIG. 4 shows a block diagram of an example of a 
mobile user equipment in accordance with various embodi 
ments; 
0045 FIG. 5 shows a simplified network diagram of a 
communications system for facilitating active hand-in using a 
femtocell in accordance with various embodiments; 
0046 FIG. 6A shows a block diagram of a wireless com 
munications system that includes a femtocell gateway in 
accordance with various embodiments; 
0047 FIG. 6B shows a block diagram of another femtocell 
gateway in accordance with various embodiments; 
0048 FIG. 7A shows a flow diagram of a method for 
handling user equipment registration with a femtocell in 
accordance with various embodiments; 
0049 FIG. 7B shows a flow diagram of a method for 
handling user equipment registration with a femtocell using a 
Bluetooth radio for out-of-band proximity detection in accor 
dance with various embodiments; 
0050 FIG. 8 shows a flow diagram of a method for han 
dling active hand-ins with a femtocell in accordance with 
various embodiments; 
0051 FIG. 9 shows a call flow diagram illustrating an 
active hand-in in accordance with various embodiments such 
as the methods of FIGS. 9 and 10; 
0052 FIG. 10 shows a flow diagram of a method for han 
dling de-registration of user equipment with a femtocell in 
accordance with various embodiments; 
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0053 FIG. 11 shows a flow diagram of a method for 
implementing certain active hand-in functionality without 
OOB proximity detection in accordance with various 
embodiments; 
0054 FIG. 12 shows a flow diagram of a method for han 
dling femtocell-assisted active hand-in at a femtocellgateway 
in accordance with various embodiments; 
0055 FIG. 13A shows a flow diagram of a method for 
handling femtocell-assisted active hand-in at a femtocell 
gateway in accordance with various embodiments; 
0056 FIG. 13B shows a flow diagram of a method for 
handling femtocell-assisted active hand-in at a femtocell 
gateway with a tiered approach in accordance with various 
embodiments; 
0057 FIGS. 14A and 14B show call flow diagrams illus 
trating an active hand-in in accordance with various embodi 
ments such the methods of FIGS. 11, 12, and/or and 13; 
0058 FIG. 15A shows a call flow diagram of a method for 
handling the receipt of handover requests when a “tiered 
approach is used and OOB detection is successful in accor 
dance with various embodiments; and 
0059 FIG. 15B shows a call flow diagram of a method for 
handling the receipt of handover requests when the “tiered 
approach is used and OOB detection is unsuccessful in accor 
dance with various embodiments. 

DETAILED DESCRIPTION 

0060. The following description generally relates to sup 
porting macrocell-to-femtocell hand-ins of active macro 
communications for mobile devices. A femtocell may detect 
a mobile device in its proximity (e.g., using an out-of-band 
link established by an out-of-band radio integrated with the 
femtocell, which may be part of a femto-proxy system). Hav 
ing detected the mobile device in its proximity, the femtocell 
may communicate an OOB proximity detection or presence 
indication to pre-register the mobile device with a femtocell 
gateway (or other type of interface gateway) disposed in a 
core network in communication with the macro network. 
When the femtocell gateway receives a handover request 
from the macro network implicating the pre-registered 
mobile device, the femtocell gateway may be able to reliably 
determine the appropriate femtocell to use for the hand-in 
according to the OOB proximity detection. Some embodi 
ments also provide for registering the mobile device after a 
handover request has occurred. In addition, Some embodi 
ments may provide “tiered' approaches for handling the 
receipt of handover requests. 
0061 The following description provides examples, and is 
not limiting of the scope, applicability, or configuration set 
forth in the claims. Changes may be made in the function and 
arrangement of elements discussed without departing from 
the spirit and scope of the disclosure. Various examples may 
omit, Substitute, or add various procedures or components as 
appropriate. For instance, the methods described may be per 
formed in an order different from that described, and various 
operations may be added, omitted, or combined. Also, fea 
tures described with respect to certain examples may be com 
bined in other examples. 
0062 Referring first to FIG. 1, a block diagram illustrates 
an example of a wireless communications system 100. The 
system 100 includes macrocell base stations 105, user equip 
ments (UEs) 115, a base station controller 120, femtocell 125, 
and a core network 130 (the controller 120 may be integrated 
into the core network 130). The system 100 may support 
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operation on multiple carriers (waveform signals of different 
frequencies). Multi-carrier transmitters can transmit modu 
lated signals simultaneously on the multiple carriers. Each 
modulated signal may be a Code Division Multiple Access 
(CDMA) signal, Time Division Multiple Access (TDMA) 
signal, Frequency Division Multiple Access (FDMA) signal, 
Orthogonal FDMA (OFDMA) signal, Single-Carrier FDMA 
(SC-FDMA) signal, etc. Each modulated signal may be sent 
on a different carrier and may carry control information (e.g., 
pilot signals), overhead information, data, etc. The system 
100 may be a multi-carrier LTE network capable of efficiently 
allocating network resources. 
0063. The UEs 115 may be any type of mobile station, 
mobile device, access terminal, Subscriber unit, or user equip 
ment. The UEs 115 may include cellular phones and wireless 
communications devices, but may also include personal digi 
tal assistants (PDAs), smartphones, other handheld devices, 
netbooks, notebook computers, etc. Thus, the term user 
equipment (UE) should be interpreted broadly hereinafter, 
including the claims, to include any type of wireless or mobile 
communications device. 

0064. The macrocell base stations 105 may wirelessly 
communicate with the UEs 115 via a base station antenna. 
The macrocell base stations 105 may be configured to com 
municate with the UEs 115 under the control of the controller 
120 via multiple carriers. Each of the base station 105 sites 
can provide communication coverage for a respective geo 
graphic area. In some embodiments, macrocell base stations 
105 may be referred to as a Node B. The coverage area for 
each macrocell base station 105 here is identified as 110-a, 
110-b, or 110-c. The coverage area for a base station may be 
divided into sectors (not shown, but making up only a portion 
of the coverage area). The system 100 may include base 
stations 105 of different types (e.g., macro, micro, and/or pico 
base stations). As used herein, the term “cell may refer to 1) 
a sector, or 2) a site (e.g., a base station 105). Thus, the term 
“macrocell' may refer to 1) a macrocell sector. 2) a macrocell 
base station (e.g., macrocell base station 105), and/or 3) a 
macrocell controller. Thus, the term “femtocell may refer to 
1) a femtocell sector, or 2) a femtocell base station (e.g., 
femtocell access point). 
0065. For the discussion below, the UEs 115 operate on 
(are “camped on) a macro or similar network facilitated by 
multiple macrocell base stations 105. Each macrocell base 
station 105 may cover a relatively large geographic area (e.g., 
hundreds of meters to several kilometers in radius) and may 
allow unrestricted access by terminals with service subscrip 
tion. A portion of the UEs 115 may also be registered to 
operate (or otherwise allowed to operate) in femtocell cover 
age area 110-d (e.g., communicating with femtocell 125. 
which may be referred to as a femtocell access point (FAP) in 
Some cases), within the coverage area of a macrocell 110-a. 
As a UE 115 approaches a femtocell, there may be need for 
novel mechanisms for the UE 115 to recognize the presence 
of the femtocell 125 so that the UE 115 may migrate to the 
femtocell 125 from the macrocell base station 105. 
0066 Strategic deployment of femtocells may be used to 
mitigate mobile device power consumption, as mobile 
devices typically operate using an internal power Supply, Such 
as a small battery, to facilitate highly mobile operation. Fem 
tocells may be used to offload traffic and reduce spectrum 
usage at a macrocell. Femtocells may also be utilized to 
provide service within areas which might not otherwise expe 
rience adequate or even any service (e.g., due to capacity 
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limitations, bandwidth limitations, signal fading, signal shad 
owing, etc.), thereby allowing mobile devices to reduce 
searching times, to reduce transmit power, to reduce transmit 
times, etc. A femtocell 125 may provide service within a 
relatively small service area (e.g., within a house or building). 
Accordingly, a UE 115 is typically disposed near a femtocell 
110-d when being served, often allowing the UE115 to com 
municate with reduced transmission power. 
0067 By way of example, the femtocell may be imple 
mented as a Home Node B (“HNB') or Home eNode B 
(HeNB), and located in a user premises, such as a residence, 
an office building, etc. Femtocell 125 will be used hereinafter 
generically to describe any femtocell access point, and should 
not be interpreted as limiting. The femtocell 125 location may 
be chosen for maximum coverage (e.g., in a centralized loca 
tion), to allow access to a global positioning satellite (GPS) 
signal (e.g., near a window), or in other locations. A set of 
UEs 115 may be registered on (e.g., on a whitelist of) a single 
femtocell 125 that provides coverage over substantially an 
entire user premises. The “home’ femtocell 125 provides the 
UE115 with access to communication services via a connec 
tion to the macrocell communications network. As used 
herein, the macrocell communications network is assumed to 
be a wireless wide-area network (WWAN). As such, terms 
like “macrocell network and “WWAN network are inter 
changeable. Similar techniques may be applied to other types 
of network environments, femtocell coverage topologies, 
etc., without departing from the scope of the disclosure or 
claims. 

0068 Systems, methods, devices, and computer program 
products are described to identify target femtocells to facili 
tate femto-assisted active hand-ins. In example configura 
tions, the femtocell 125 may be integrated with one or more 
OOB transceivers. The femtocell 125 may transmit or receive 
OOB discovery signals (e.g., Bluetooth page or inquiry sig 
nals) to or from a UE 115 to facilitate the exchange of fem 
tocell and device information. The femtocell 125 may, of 
course, also be configured to connect with a UE 115 via 
in-band signals. The femtocell 125 may detect the UE 115 in 
proximity to the femtocell 125 using an OOB communica 
tions link. The femtocell 125 may identify an identifier of the 
UE 115. The femtocell 125 may register the UE 115 for 
hand-in from the macrocell base station 105 for example, to 
the femtocell 125. The registration process may include com 
municating, from the femtocell 125 to a femtocell gateway 
(not shown), the UE identifier and indicating OOB proximity 
detection of the UE 115 to the femtocell 125. 
0069. As used herein, the term “frequency range' may be 
used to refer to the frequency spectrum allocated to a particu 
lar macrocellor femtocell, or for OOB signaling. A macrocell 
frequency range may be a first frequency channel within a set 
of frequencies allocated to WWAN communications, and a 
femtocell frequency range may be a second frequency chan 
nel within the set of frequencies allocated to WWAN com 
munications. The macrocell frequency range and the femto 
cell frequency range may the same, or different (therefore, 
there may be an intra-frequency or inter-frequency search for 
a femtocell). Additional macrocell frequency ranges may 
occupy other frequency channels within the set of frequencies 
allocated to WWAN communications. 

0070. As used herein, “out-of-band, or “OOB includes 
any type of communications that are out-of-band with respect 
to the macrocell or femtocell communications network. For 
example, a femtocell 125 and/or the UE 115 may be config 
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ured to operate using Bluetooth (e.g., class 1, class 1.5, and/or 
class 2), ZigBee (e.g., according to the IEEE 802.15.4-2003 
wireless standard), near field communication (NFC), WiFi. 
an ultra-wideband (UWB) link, and/or any other useful type 
of communications out of the macrocell network band. 
(0071 OOB integration with the femtocell 125 may pro 
vide a number of features. For example, the OOB signaling 
may allow for reduced interference, lower power femtocell 
registration, macrocell offloading, and so on. Further, the 
integration of OOB functionality with the femtocell 125 may 
allow the UEs 115 associated with the femtocell 125 to also 
be part of an OOB piconet. The piconet may facilitate 
enhanced HNB functionality, other communications ser 
vices, power management functionality, and/or other features 
to the UES 115. These and other features will be further 
appreciated from the description below. 
0072 FIG. 2A shows a block diagram of a wireless com 
munications system 200-a that includes OOB capabilities. 
This system 200-a may be an example of aspects of the 
system 100 depicted in FIG. 1. The femtocell 125-a may 
include an OOB frequency module 240-a, an in-band fre 
quency module 230-a, and/or a communications manage 
ment subsystem 250. The in-band frequency module 230-a 
may be a femto Node B and/or radio network controller, as 
described with reference to FIG.1. The femtocell 125-a also 
may include antennas 205, a transceiver module 210, memory 
215, and a processor module 225, which each may be in 
communication, directly or indirectly, with each other (e.g., 
over one or more buses). The transceiver module 210 may be 
configured to communicate bi-directionally, via the antennas 
205, with the UEs 115. The transceiver module 210 (and/or 
other components of the femtocell 125-a) may also be con 
figured to communicate bi-directionally with a macro com 
munications network 100-a (e.g., a WWAN). For example, 
the transceiver module 210 may be configured to communi 
cate with the macro communications network 100-a via a 
backhaul network. The macro communications network 
100-a may be the communications system 100 of FIG. 1. 
0073. The memory 215 may include random access 
memory (RAM) and read-only memory (ROM). In some 
embodiments, the memory 215 includes (or is in communi 
cation with) a data store 217 configured to store UE mappings 
219. As described more fully below, these UE mappings 219 
may be used to facilitate certain femtocell-assisted hand-in 
functionality. Typically the UE mappings 219 map aidentifier 
of each UE 115 (e.g., the International Mobile Subscriber 
Identity (IMSI) associated with the UE's 115 SIM card) with 
an OOB identifier corresponding to the UE's 115 OOB radio 
(e.g., the UE's 115 Bluetooth address). In certain embodi 
ments, further mappings are maintained for each UE 115 by 
the UE mappings 219 including, for example, a public long 
code mask. 
0074 The memory 215 may also store computer-readable, 
computer-executable Software code 220 containing instruc 
tions that are configured to, when executed, cause the proces 
sor module 225 to perform various functions described herein 
(e.g., call processing, database management, message rout 
ing, etc.). Alternatively, the software 220 may not be directly 
executable by the processor module 225 but be configured to 
cause the computer, e.g., when compiled and executed, to 
perform functions described herein. 
0075. The processor module 225 may include an intelli 
gent hardware device, e.g., a central processing unit (CPU) 
such as those made by Intel(R) Corporation or AMDR), a 
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microcontroller, an application specific integrated circuit 
(ASIC), etc. The processor module 225 may include a speech 
encoder (not shown) configured to receive audio via a micro 
phone, convert the audio into packets (e.g., 30 ms in length) 
representative of the received audio, provide the audio pack 
ets to the transceiver module 210, and provide indications of 
whethera user is speaking Alternatively, an encoder may only 
provide packets to the transceiver module 210, with the pro 
vision or withholding/suppression of the packet itself provid 
ing the indication of whether a user is speaking 
0076. The transceiver module 210 may include a modem 
configured to modulate the packets and provide the modu 
lated packets to the antennas 205 for transmission, and to 
demodulate packets received from the antennas 205. While 
Some examples of the femtocell 125-a may include a single 
antenna 205, the femtocell 125-a preferably includes mul 
tiple antennas 205 for multiple links. For example, one or 
more links may be used to Support macro communications 
with the UEs 115. Also, one or more out-of-band links may be 
supported by the same antenna 205 or different antennas 205. 
(0077. Notably, the femtocell 125-a may be configured to 
provide both in-band frequency module 230-a and OOB fre 
quency module 240-a functionality. For example, when the 
UE115 approaches the femtocell coverage area, the UE's 115 
OOB radio may begin searching for the OOB frequency 
module 240-a. In some cases, the OOB frequency module 
240-a may page the UE's OOB radio. Upon discovery, the UE 
115 may have a high level of confidence that it is in proximity 
to the femtocell coverage area, and a scan for the in-band 
frequency module 230-a may commence. Similarly, the OOB 
frequency module 240-a may be utilized by the femtocell 
125-a to determine that a UE 115 is in proximity to the 
femtocell 125-a. 
0078. The scan for the in-band frequency module 230-a 
may be implemented in different ways. For example, due to 
the OOB frequency module 240-a discovery by the UE's 115 
OOB radio, both the UE 115 and the femtocell 125-a may be 
aware of each other's proximity. The UE115 may scan for the 
in-band frequency module 230-a. Alternatively, the in-band 
frequency module 230-a may poll for the UE 115 (e.g., indi 
vidually, or as part of a round-robin polling of all registered 
UEs 115), and the UE 115 may listen for the poll. When the 
scan for the in-band frequency module 230-a is successful, 
the UE 115 may attach to the in-band frequency module 
230-a. 

(0079. When the UE 115 is in the femtocell coverage area 
and is linked to the in-band frequency module 230-a through 
a communication link, the UE115 may be in communication 
with the macro communications network 100-a via the in 
band frequency module 230-a. As described above, the UE 
115 may also be a slave of a piconet for which the OOB 
frequency module 240-a acts as the master. For example, the 
piconet may operate using Bluetooth and may include Blue 
tooth communications links facilitated by a Bluetooth radio 
(e.g., implemented as part of the transceiver module 210) in 
the in-band frequency module 230-a. 
0080 Examples of the in-band frequency module 230-a 
have various configurations of base station or wireless access 
point equipment. As used herein, the in-band frequency mod 
ule 230-a may be a device that communicates with various 
terminals (e.g., client devices (UEs 115, etc.), proximity 
agent devices, etc.) and may also be referred to as, and include 
some or all the functionality of a base station, a Node B, 
Home Node B, and/or other similar devices. Although 
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referred to herein as the in-band frequency module 230-a, the 
concepts herein are applicable to access point configurations 
other than femtocell configuration (e.g., picocells, micro 
cells, etc.). Examples of the in-band frequency module 230-a 
utilize communication frequencies and protocols native to a 
corresponding cellular network (e.g., the macro communica 
tions network 100-a, or a portion thereof) to facilitate com 
munication within a femtocell coverage area associated with 
the in-band frequency module 230-a (e.g., to provide 
improved coverage of an area, to provide increased capacity, 
to provide increased bandwidth, etc.). 
0081. The in-band frequency module 230-a may be in 
communication with other interfaces not explicitly shown in 
FIG. 2A. For example, the in-band frequency module 230-a 
may be in communication with a native cellular interface as 
part of the transceiver module 210 (e.g., a specialized trans 
ceiver utilizing cellular network communication techniques 
that may consume relatively large amounts of power in opera 
tion) for communicating with various appropriately config 
ured devices, such as the UE 115, through a native cellular 
wireless link (e.g., an “in-band' communication link) Such a 
communication interface may operate according to various 
communication standards, including but not limited to wide 
band code division multiple access (W-CDMA), 
CDMA2000, global system for mobile telecommunication 
(GSM), worldwide interoperability for microwave access 
(WiMax), and wireless LAN (WLAN). Also or alternatively, 
the in-band frequency module 230-a may be in communica 
tion with one or more backend network interfaces as part of 
the transceiver module 210 (e.g., a backhaul interface provid 
ing communication via the Internet, a packet Switched net 
work, a Switched network, a radio network, a control network, 
a wired link, and/or the like) for communicating with various 
devices or other networks. 

0082. As described above, the in-band frequency module 
230-a may further be in communication with one or more 
OOB interfaces as part of the transceiver module 210 and/or 
the OOB frequency module 240-a. For example, the OOB 
interfaces may include transceivers that consume relatively 
low amounts of power in operation and/or may cause less 
interference in the in-band spectrum with respect to the in 
band transceivers. Such an OOB interface may be utilized 
according to embodiments to provide low power wireless 
communications with respect to various appropriately con 
figured devices, such as an OOB radio of the UE 115. The 
OOB interface may, for example, provide a Bluetooth link, an 
ultra-wideband (UWB) link, an IEEE 802.11 (WLAN) link, 
etc. 

I0083. The terms “high power” and “low power” as used 
herein are relative terms and do not imply a particular level of 
power consumption. Accordingly, OOB devices (e.g. OOB 
frequency module 240-a) may simply consume less power 
than native cellular interface (e.g., for macro WWAN com 
munications) for a given time of operation. In some imple 
mentations, OOB interfaces also provide relatively lower 
bandwidth communications, relatively shorter range commu 
nication, and/or consume relatively lower power in compari 
son to the macro communications interfaces. There is no 
limitation that the OOB devices and interfaces below power, 
short range, and/or low bandwidth. Devices may use any 
suitable out-of-band link, whether wirelessor otherwise, such 
as IEEE 802.11, Bluetooth, PEANUT, UWB, ZigBee, an IP 
tunnel, a wired link, etc. Moreover, devices may utilize virtual 
OOB links, such as through use of IP based mechanisms over 
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a wireless wide area network (WWAN) link (e.g., IP tunnel 
over a WWAN link) that acts as a virtual OOB link. 
I0084 OOB frequency module 240-a may provide various 
types of OOB functionality and may be implemented in vari 
ous ways. An OOB frequency module 240-a may have any of 
various configurations, such as a stand-alone processor-based 
system, a processor-based system integrated with a host 
device (e.g., access point, gateway, router, Switch, repeater, 
hub, concentrator, etc.), etc. For example, the OOB frequency 
module 240-a may include various types of interfaces for 
facilitating various types of communications. In some 
embodiments, the OOB frequency module 240-a may be 
referred to as a femto-proxy module. 
I0085. Some OOB frequency module 240-a include one or 
more OOB interfaces as part of the transceiver module 210 
(e.g., a transceiver that may consume relatively low amounts 
of power in operation and/or may cause less interference than 
in the in-band spectrum) for communicating with other 
appropriately configured devices (e.g., a UE 115) for provid 
ing interference mitigation and/or femtocell selection herein 
through a wireless link. One example of a suitable commu 
nication interface is a Bluetooth-compliant transceiver that 
uses a time-division duplex (TDD) scheme. 
I0086 OOB frequency module 240-a may also include one 
or more backend network interfaces as part of the transceiver 
module 210 (e.g., packet switched network interface, 
switched network interface, radio network interface, control 
network interface, a wired link, and/or the like) for commu 
nicating with various devices or networks. An OOB fre 
quency module 240-a that is integrated within a host device, 
Such as with in-band frequency module 230-a, may utilize an 
internal bus or other Such communication interface in the 
alternative to a backend network interface to provide commu 
nications between the OOB frequency module 240-a and 
other devices, if desired. Additionally or alternatively, other 
interfaces, such as OOB interfaces, native cellular interfaces, 
etc., may be utilized to provide communication between the 
OOB frequency module 240-a and the in-band frequency 
module 230-a and/or other devices or networks. 
I0087 Various communications functions (e.g., including 
those of the in-band frequency module 230-a and/or the OOB 
frequency module 240-a) may be managed using the com 
munications management Subsystem 250. For example, the 
communications management Subsystem 250 may at least 
partially handle communications with the macro (e.g., 
WWAN) network, one or more OOB networks (e.g., piconets, 
UE 115 OOB radios, other femto-proxies, OOB beacons, 
etc.), one or more other femtocells (e.g., in-band frequency 
module 230-a), UEs 115, etc. For example, the communica 
tions management Subsystem 250 may be a component of the 
femtocell 125-a in communication with some or all of the 
other components of the femtocell 125-a via a bus. 
I0088 Various other architectures are possible other than 
those illustrated by FIG. 2A. The in-band frequency module 
230-a and/or the OOB frequency module 240-a may or may 
not be collocated, integrated into a single device, configured 
to share components, etc. For example, the femtocell 125-a of 
FIG. 2A has an integrated in-band frequency module 230-a 
and OOB frequency module 240-a that at least partially share 
components, including the antennas 205, the transceiver 
module 210, the memory 215, and the processor module 225. 
I0089. The components of the femtocell 125-a may, indi 
vidually or collectively, be implemented, in whole or in part, 
with instructions embodied in a memory, formatted to be 
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executed by one or more general or application-specific pro 
cessors. They may also be implemented with one or more 
application specific integrated circuits (ASICs) adapted to 
perform some or all of the applicable functions in hardware. 
Alternatively, the functions may be performed by one or more 
other processing units (or cores), on one or more integrated 
circuits. In other embodiments, other types of integrated cir 
cuits may be used (e.g., Structured/Platform ASICs, Field 
Programmable Gate Arrays (FPGAs), and other Semi-Cus 
tom ICs), which may be programmed in any manner known in 
the art. 

0090 FIG. 2B shows a block diagram of a wireless com 
munications system 200-b that includes an architecture of a 
femtocell 125-b that is different from the architecture shown 
in FIG. 2A. Similar to the femtocell 125-a of FIG. 2A, the 
femtocell 125-b includes an OOB frequency module 240-b 
and an in-band frequency module 230-b. Unlike the system 
125-a of FIG. 2A, however, each of the OOB frequency 
module 240-band the in-band frequency module 230-bhas its 
own antenna 205, transceiver module 210, memory 215, and 
processor module 225. Both transceiver modules 210 are 
configured to communicate bi-directionally, via their respec 
tive antennas 205, with UEs 115. The transceiver module 
210-1 of the in-band frequency module 230-bis illustrated in 
bi-directional communication with the macro communica 
tions network 100-b (e.g., typically over a backhaul network). 
0091. For the sake of illustration, the femtocell 125-bis 
shown without a separate communications management Sub 
system 250. In some configurations, a communications man 
agement subsystem 250 is provided in both the OOB fre 
quency module 240-b and the in-band frequency module 
230-b. In other configurations, the communications manage 
ment subsystem 250 is implemented as part of the OOB 
frequency module 240-b. In still other configurations, func 
tionality of the communications management Subsystem 250 
is implemented as a computer program product (e.g., stored 
as software 220 in memory 215) of one or both of the OOB 
frequency module 240-band the in-band frequency module 
230-b. 

0092. The components of the femtocell 125-b may, indi 
vidually or collectively, be implemented, in whole or in part, 
with instructions embodied in a memory, formatted to be 
executed by one or more general or application-specific pro 
cessors. They may also be implemented with one or more 
application specific integrated circuits (ASICs) adapted to 
perform some or all of the applicable functions in hardware. 
Alternatively, the functions may be performed by one or more 
other processing units (or cores), on one or more integrated 
circuits. In other embodiments, other types of integrated cir 
cuits may be used (e.g., Structured/Platform ASICs, Field 
Programmable Gate Arrays (FPGAs), and other Semi-Cus 
tom ICs), which may be programmed in any manner known in 
the art. 

0093. In yet other configurations, some or all of the func 
tionality of the communications management Subsystem 250 
of system 200-a may implemented as a component of the 
processor module 225. FIG. 3 shows a block diagram 300 of 
a processor module 225-a for implementing functionality of 
the communications management Subsystem 250. The pro 
cessor module 225-a may include a WWAN communications 
controller 310 and a user equipment controller 320. The pro 
cessor module 225-a may be in communication (e.g., as illus 
trated in FIGS. 2A and 2B) with the OOB frequency module 
240 and/or the in-band frequency module 230. The WWAN 
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communications controller 310 may be configured to receive 
a WWAN communication (e.g., a page) for a designated UE 
115. The user equipment controller 320 may determine how 
to handle the communication, including affecting operation 
of the OOB frequency module 240 and/or the in-band fre 
quency module 230. 
(0094. Both the in-band frequency module 230-a of FIG. 
2A and the in-band frequency module 230-b of FIG. 2B are 
illustrated as providing a communications link only to the 
macro communications network 100-a. However, the in-band 
frequency module 230 may provide communications func 
tionality via many different types of networks and/or topolo 
gies. For example, the in-band frequency module 230 may 
provide a wireless interface for a cellular telephone network, 
a cellular data network, a local area network (LAN), a met 
ropolitan area network (MAN), a wide area network (WAN). 
the public switched telephone network (PSTN), the Internet, 
etc 

(0095. As described above, the femtocell 125 may be con 
figured to communicate with client devices, including the 
UEs 115. FIG. 4 shows a block diagram 400 of mobile user 
equipment (UE) 115-a for use with the femtocell 125 of 
FIGS. 2A and/or 2B in the context of the communications 
systems and networks of FIGS. 1-3. The UE 115-a may have 
any of various configurations, such as personal computers 
(e.g., laptop computers, net book computers, tablet comput 
ers, etc.), cellular telephones, PDAs, digital video recorders 
(DVRs), internet appliances, gaming consoles, e-readers, etc. 
For the purpose of clarity, the UE 115-a is assumed to be 
provided in a mobile configuration, having an internal power 
Supply (not shown). Such as a small battery, to facilitate 
mobile operation. 
0096. The UE115-a may include antennas 445, an in-band 
transceiver module 410, an OOB transceiver module 405, 
memory 415, and a processor module 425, which each may be 
in communication, directly or indirectly, with each other 
(e.g., via one or more buses). The transceiver modules 405, 
410 may be configured to communicate bi-directionally, via 
the antennas 445 with femtocells and macrocells. For 
example, the in-band transceiver module 410 may be config 
ured to communicate bi-directionally with macrocell base 
stations 105 of a macrocell of FIG. 1, and with the femtocell 
125 of FIG. 1, 2A, or 2B. The OOB transceiver module 405 
may be configured to communicate bi-directionally with the 
femtocell 125 of FIG. 1, 2A, or 2B. Each transceiver module 
405, 410 may include a modem configured to modulate the 
packets and provide the modulated packets to the antennas 
445 for transmission, and to demodulate packets received 
from the antennas 445. While the UE 115-a may include a 
single antenna, the UE 115-a will typically include multiple 
antennas 445 for multiple links. 
(0097. As generally referenced above, the OOB transceiver 
module 405 may be configured to communicate with a fem 
tocell over one or more OOB communication links as 
described in more detail below. The OOB transceiver module 
405 at the mobile device 115-a may include a Bluetooth 
transceiver for example. 
0098. The memory 415 may include random access 
memory (RAM) and read-only memory (ROM). The memory 
415 may store computer-readable, computer-executable soft 
ware code 420 containing instructions that are configured to, 
when executed, cause the processor module 425 to perform 
various functions described herein (e.g., call processing, 
database management, message routing, etc.). Alternatively, 
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the software 420 may not be directly executable by the pro 
cessor module 425 but be configured to cause the computer 
(e.g., when compiled and executed) to perform functions 
described herein. 
0099. The processor module 425 may include an intelli 
gent hardware device, e.g., a central processing unit (CPU) 
such as those made by Intel(R) Corporation or AMDR), a 
microcontroller, an application specific integrated circuit 
(ASIC), etc. The processor module 325 may include a speech 
encoder (not shown) configured to receive audio via a micro 
phone, convert the audio into packets (e.g., 30 ms in length) 
representative of the received audio, provide the audio pack 
ets to the in-band transceiver module 410, and provide indi 
cations of whether a user is speaking Alternatively, an 
encoder may only provide packets to the in-band transceiver 
module 410, with the provision or withholding/suppression 
of the packet itself providing the indication of whether a user 
is speaking 
0100. According to the architecture of FIG. 4, the UE 
115-a further includes a communications management mod 
ule 440. The communications management module 440 may 
manage communications with a macrocell, femtocell, other 
UES 115 (e.g., acting as a master of a secondary piconet), etc. 
By way of example, the communications management mod 
ule 440 may be a component of the UE 115-a in communi 
cation with some or all of the other components of the UE 
115-a via a bus. Alternatively, functionality of the communi 
cations management module 440 may be implemented as a 
component of a transceiver module 405, 410, as a computer 
program product, and/or as one or more controller elements 
of the processor module 425. 
0101 Some components of the UE 115-a may, individu 
ally or collectively, be implemented, in whole or in part, with 
instructions embodied in a memory, formatted to be executed 
by one or more general or application-specific processors. 
They may also be implemented with one or more application 
specific integrated circuits (ASICs) adapted to perform some 
or all of the applicable functions in hardware. Alternatively, 
the functions may be performed by one or more other pro 
cessing units (or cores), on one or more integrated circuits. In 
other embodiments, other types of integrated circuits may be 
used (e.g., Structured/Platform ASICs, Field Programmable 
Gate Arrays (FPGAs), and other Semi-Custom ICs), which 
may be programmed in any manner known in the art. 
0102. In many cases, it is desirable to support active hand 
in from a macrocell (e.g., macrocell base stations 105 of FIG. 
1) to the femtocell 125 and/or active hand-out from the fem 
tocell 125 to the macrocell base station 105 using handovers 
to provide seamless voice and data service to active users 
(active UEs 115). Active handouts can be relatively simple to 
implement and are Supported by most operators with legacy 
macro networks 100 and UEs 115. However, active hand-in 
may be challenging and may not typically be supported by 
operators. 
0103 For example, as a UE 115 moves during the course 
of active communications with the macro network 100 (e.g., 
during a voice call, an active data transfer, etc.), a determina 
tion may be made that a handover is needed (e.g., the current 
macrocell base station 105 signal may become weak). The 
need for a handover may be determined according to mea 
surement reports sent by the active UE 115. Notably, the 
phrase “measurement report' may be generally associated 
with 3GPP networks, but is intended herein to include any 
similar types of measurement reporting in any similar type of 
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network (e.g., including “PSMMs.” or pilot strength mea 
surements, in 3GPP2 networks). 
0104. The measurement reports may include a measure 
ment of the strength of the pilot observed by the UE 115 and 
the forward link cell identifier of the target cell. The cell 
identifier may be any identifier used by the macro network 
100 to identify a particular cell. For example, the cell identi 
fier may be a “PSC (primary scrambling code) in a 3GPP 
network, a “PN offset in a 3GPP2 network, etc. On a typical 
macro network 100, enough cell identifiers (e.g., PSC) may 
be available to Substantially ensure that, given the geographi 
cal distribution of the macrocell base stations 105, each mac 
rocell base station 105 can effectively be uniquely identified 
by its cell identifier (e.g., by a Radio Network controller 
(RNC) 120 in the macro network 100, a Serving GPRS Sup 
port Node (SGSN) in the core of the network, etc.). 
0105. While macrocell base stations 105 may effectively 
be uniquely identified by the macro network 100, there are 
typically not enough remaining cell identifiers to uniquely 
identify all femtocells, such as femtocell 125, and in particu 
lar, the in-band frequency modules 230 added to the network. 
For example, a typical macro network 100 may have 512 PSC 
values available for assignment to all the cells in its network. 
PN offsets may be reused on different carriers, in different 
geographic regions, etc. to extend the number of cells that can 
effectively be identified without confusion. However, only a 
small portion of the PSC values may be available for use by 
the femtocells 125, through their in-band frequency modules 
230 (i.e., other than the values reserved for use by macrocell 
base stations 105), and the number and density of femtocells 
125 may be relatively large in some areas. For example, only 
a small number of PSC values must be reused among possibly 
hundreds of femtocells 125 per macro sector. 
0106. When a handover is required for an active UE115 to 
a macrocell base station 105 (as a handover from another 
macrocell base station 105 or as a hand-out from a femtocell 
125), the cell identifier provided in the measurement report 
may be sufficient to reliably determine the appropriate mac 
rocell base station 105 for hand-off. The active communica 
tion may be handed off to the correct target cell without 
ambiguity. However, when a handover may be required for an 
active UE 115 to a femtocell 125 (as a hand-in from a mac 
rocell base station 105), the same cell identifier provided in 
the measurement report may be shared by multiple femtocells 
125 in the same macro sector. As such, the cell identifier alone 
may be insufficient to reliably determine the appropriate fem 
tocells 125 for hand-in in all cases. For example, the UE 115 
may be near its femtocell 125, and it may be desirable to 
hand-into that femtocell 125, but another femtocell 125 in the 
macro sector may be associated with the same cell identifier. 
0107. In some newer networks, additional identifiers are 
available that may mitigate or solve this issue. For example, in 
UMTS networks, cells may be upgraded to broadcast system 
information (SI), location information, and/or other informa 
tion that may make identification of a particular femtocell 125 
based only on its cell identifier(s) more unique and reliable. 
Upgraded UEs 115 can exploit new cell identifier(s), for 
example, by decoding the system information of neighboring 
cells and reporting the identifiers in measurement reports 
during active communications. The controllers (which may 
include macro radio network controls (RNC) 120 and/or 
Serving GPRS Support Node (SGSN) 550, shown below in 
FIG. 5) can then include the SI (e.g. CELL ID, C) in the 
handover messages to uniquely identify the target femtocell 
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125 (e.g., to the femtocell gateway). This technique may only 
be available for communications between upgraded networks 
and upgraded UEs 115. For operators who do not want to 
upgrade the air interface, this technique may not be available. 
Likewise for operators who do want to upgrade their net 
works (e.g. RNC 120 and SGSN 650 shown below in FIG. 
6A) to forward the SI to the femtocell gateway, this technique 
may not be available. 
0108 Operators of legacy networks (including those 
desiring to communicate with legacy UES 115) may address 
this difficulty with active hand-in in different ways. Some 
typical networks may not Support active hand-in at all. In the 
event that the hand-in may be the only way to maintain the 
active communications with the UE 115, the active commu 
nications may simply be lost (e.g., a call may be dropped 
when signals from macrocell base station 105 are lost, even 
when the UE115 is otherwise in the femtocell coverage area). 
0109 According to at least one technique for addressing 
the difficulty with active hand-in in legacy networks, some 
operators may implement blind handover. For example, when 
the measurement report includes a cell identifier that is shared 
by multiple femtocells 125 in the same macro sector, the 
network may blindly select any of the femtocells 125 having 
that cell identifier for the hand-in. If blind selection results in 
hand-in to an appropriate femtocell 125, the hand-in may be 
successful. However, if blind selection results in hand-into an 
inappropriate femtocell 125 (e.g., one that is out of range of 
the UE 115, one for which the UE 115 is not authorized to 
attach, etc.), the active communications may be lost. 
0110. It will now be appreciated that operators of legacy 
systems may be unable to reliably support active hand-ins to 
femtocells 125 using existing techniques. Embodiments 
include novel techniques for Supporting active hand-ins for 
legacy networks and/or for legacy UEs 115. Turning to FIG. 
5, a simplified network diagram is shown of a communica 
tions system 500 for facilitating active hand-in. 
0111. The communications system 500 may include a 
macro network 100, a user local network 510, and a core 
network 530. The core network 530 may include, among 
other things, a femtocell gateway 540 and/or a SGSN 550. 
The femtocell gateway 540 may be in communication with a 
number of femtocells 125 (only one femtocell 125 is shown 
for clarity), and the SGSN 550 is in communication with 
multiple macrocell base stations 105 via one or more macro 
RNCs 120 (only one macrocell base station 105 is show for 
clarity). The femtocell 125 is in communication through in 
band frequency module 230 with the macro network 100 via 
core network 530 elements, such that cellular communica 
tions may be facilitated through the femtocell 125 using func 
tionality of the femtocell gateway 540 and/or SGSN 550. 
0112 AUE 115 in active communications with the mac 
rocell base station 105 (over a macro communications link 
560-b) may approach a coverage area of the femtocell 125. As 
described above, the macro network 100 (e.g., the macro 
RNC 120) may determine that a handover is needed based on 
a measurement report from the UE 115. The measurement 
report may identify the target femtocell 125 by its cell iden 
tifier (e.g., its PSC). A handover request may then be sent by 
the SGSN 550 to the target femtocell gateway 540 for iden 
tifying an appropriate femtocell 125 for the hand-in. 
0113. As discussed, particularly where multiple femto 
cells 125 share a cell identifier, it may be difficult or impos 
sible for the femtocell gateway 540 to reliably determine the 
appropriate target femtocell 125 for hand-in using the cell 
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identifier alone. Some embodiments may exploit features of 
femtocell 125. As shown, the user local network510 includes 
the in-band frequency module 230 functionality integrated 
with OOB functionality of an OOB frequency module 240 as 
part of a femtocell 125. This OOB functionality may be 
facilitated over an OOB communications link 570 that can be 
established between the UE 115 and the OOB frequency 
module 240. This in-band functionality may be facilitated 
over an in-band communications link 5S0-a that can be estab 
lished between the UE115 and the in-band frequency module 
230. The in-band communications link 550-a may be estab 
lished, for example, when a hand-in occurs from macrocell 
105 to femtocell 125. 
0114 While many different types of out-of-band commu 
nications may be used to facilitate functionality described 
here (e.g., as discussed above), the discussion below focuses 
on Bluetooth as facilitating the OOB communications of 
these embodiments. Other embodiments may utilize other 
types of out-of-band communications. Bluetooth may pro 
vide certain features. One feature is that Bluetooth radios may 
be integrated into many UEs 115, so that the Bluetooth func 
tionality can be exploited for many users without modifying 
their existing UEs 115. Another feature is that the tolerable 
path loss between two "Class 1.5' Bluetooth devices may be 
comparable or even higher than between a femtocell 125 and 
a UE115. In any given environment, this higher tolerable path 
loss may translate to higher effective range (e.g., facilitating 
femtocell 125 discovery, handover, and/or interference miti 
gation, as described herein). 
0115 Yet another feature of Bluetooth is that the Blue 
tooth address (BD ADDR) can provide a unique, 48-bit 
address used to identify each Bluetooth enabled device. The 
Bluetooth address may be used when a device communicates 
with another device, and is divided into a 24-bit LAP (Lower 
Address Part), a 16-bit NAP (Non-significant Address Part), 
and an 8-bit UAP (Upper Address Part). The LAP may be 
assigned by a manufacturer and may be unique for each 
Bluetooth device, while UAP and NAP may be part of an 
Organizationally Unique Identifier (OUI). Using the Blue 
tooth address, each Bluetooth adapter in any device may be 
identified according to a globally unique value. 
0116. As described more fully below, embodiments may 
operate in the context of a system, like the communications 
system 500 of FIG. 5, to support active hand-ins with minimal 
or no change to legacy macro networks 100 and/or to legacy 
UEs 115. One set of such embodiments uses modifications to 
UEs 115 and the femtocell gateway 540 to facilitate active 
hand-in. In particular, an OOB identifier of the femtocell 125 
may be detected by the UE 115 and communicated as part of 
the measurement report to facilitate identification of the target 
femtocell 125 by the femtocell gateway 540. 
0117. Each of the UE115 and the femtocell 125 (through 
OOB frequency module 240, for example) may have a unique 
Bluetooth device address (BD ADDR) that may be used for 
paging the other device (e.g., UE 115 pages the femtocell 125 
or the femtocell 125 pages the UE 115). It is understood that 
the BD ADDR of the other device may be known by the 
paging device. Notably, the same or similar techniques may 
be used for other types of out-of-band addressing. For 
example, the devices may know each other's WiFi MAC 
address, etc. The UE 115 may then assist the macro network 
100 in effecting the active hand-in. 
0118. In some embodiments, after an OOB communica 
tions link 570 is established with the OOB frequency module 
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240 of the femtocell 125, the UE115 can communicate a cell 
identifier (e.g., PSC) and the OOB identifier (e.g., Bluetooth 
device address) of the target femtocell 125 to the SGSN 550 
as part of its measurement report. The femtocell gateway 540 
may maintain a mapping between the cell identifier and the 
OOB identifier, which can then be used to uniquely identify 
the target femtocell 125 for active hand-in. 
0119. One technique may involve upgrades at the UE 115 
'air-interface' (i.e., new messages or modifications of exist 
ing messages are involved). Also, proper communication of 
new UE 115 messaging may involve changes to the macro 
RNCs120, the SGSN550, the femtocellgateway 540, and the 
femtocell 125 (and in particular, the in-band frequency mod 
ule 230 of the femtocell 125). These changes to the legacy 
macro network 100 may largely be software upgrades (rather 
than hardware upgrades), but operators may still be reluctant 
to implement the changes. 
0120 Another set of embodiments supports active hand 
ins for both macro networks 100 and UEs 115, which may be 
legacy macro networks 100 and/or legacy UEs 115 in some 
cases. In particular, changes to the femtocell 125 and/or the 
femtocell gateway 540 may allow for femtocell 125 assisted 
active hand-in. Embodiments of femtocell 125 assisted hand 
in may be implemented without changes to the air-interface, 
the macroRNC 120, or the SGSN 550. Femtocell 125 assisted 
hand-in may exploit registration by the femtocell 125 of UEs 
115 at the femtocell gateway 540 (e.g., using OOB proximity 
detection to effectively pre-register the UE 115 with the fem 
tocell gateway 540). When a handover directive is received at 
the femtocell gateway 540 implicating a UE 115, registration 
of the UE 115 can be used by the femtocell gateway 540 to 
help determine the appropriate target femtocell 125 for hand 
1. 

0121. As described above with reference to FIG. 2A, 
embodiments of the femtocell 125 may maintain UE map 
pings 219. Typically, the UE mappings 219 map a macro 
identifier of each UE 115 (e.g., the International Mobile Sub 
scriber Identity (IMSI), Mobile Equipment Identifier 
(MEID), Electronic Serial Number (ESN), etc.) with an OOB 
identifier corresponding to the UE's 115 OOB radio (e.g., 
Bluetooth device address, WiFi MAC address, etc.). When 
the femtocell 125 is a restricted access femtocell, the UE 
mappings 219 may be maintained only for authorized users. 
For example, an access control list may be maintained at the 
femtocell 125 that includes or is associated with the UE 
mappings 219. 
0122) Notably, there may various ways to establish the UE 
mappings 219. According to one exemplary technique, the 
UE 115 calls a particular number, which may automatically 
trigger an OOB pairing (e.g., a Bluetooth pairing) between 
the UE 115 and the femtocell 125. Thus, the mapping 
between the UE macro identifier and OOB identifier may be 
established. According to another exemplary technique, a 
user manually enters the UE's 115 macro identifier (e.g., 
IMSI) and OOB identifier (e.g., BD ADDR) into a user inter 
face at the femtocell 125. According to yet another exemplary 
technique, a user enters the mapping information via a portal 
(e.g., a web page), and the femtocell 125 downloads the 
information (e.g., or the femtocell 125 includes a web server 
and the portal directly addresses femtocell 125). In yet 
another exemplary technique, the OOB identifier of the UE 
can be entered into the portal by using a sniffer, an OOB 
enabled device that wirelessly obtains the OOB identifier and 
reports it to the portal. 
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I0123 Active hand-in functionality described herein may 
involve use of a femtocell 125 having an in-band frequency 
module 230 integrated with an OOB frequency module 240. 
As illustrated in FIG. 5, and as described in a number of 
exemplary configurations above, the OOB frequency module 
240 includes an OOB device (e.g., an OOB radio) that is 
communicatively coupled with the in-band frequency mod 
ule 230. For example, the in-band frequency module 230 and 
the OOB frequency module 240 may be physically integrated 
into a single housing or assembly (e.g., and in communication 
over a bus or some other internal connection), or the OOB 
frequency module 240 may be separately housed and may be 
in communication with the in-band frequency module 230 
using a wired or wireless connection. Typically, the OOB 
frequency module 240 is located close enough to the in-band 
frequency module 230 so that proximity detection by the 
OOB frequency module 240 indicates proximity also to the 
in-band frequency module 230. 
0.124. In some other configurations, the OOB frequency 
module 240 is logically, rather than physically, integrated 
with the in-band frequency module 230 (e.g., the components 
can otherwise be logically associated with each other by the 
network). For example, even having the OOB frequency 
module 240 physically separated from the in-band frequency 
module 230, the components may be part of a common Subnet 
so that proximity detection by the OOB frequency module 
240 can be associated with proximity to the in-band fre 
quency module. 
(0.125. The configuration described in FIG. 5 is intended 
only to be illustrative, and not limiting. Other configurations 
are possible for providing the same or similar types of inte 
grative functionality between OOB frequency module 240 
and in-frequency module 230. For example, many configu 
rations may allow OOB proximity detection to be used to 
facilitate reliable active hand-in to a particular femtocell 125, 
according to various embodiments. 
0.126 To facilitate femtocell 125 assisted hand-in, femto 
cells 125, like the one described in FIG. 2A for example, may 
interact with embodiments of femtocell gateway 540, such as 
those described in FIG. 6A and FIG. 6B. FIG. 6A shows a 
block diagram of a wireless communications system 600-a 
that includes a femtocell gateway 540-a. The femtocell gate 
way 540-a may include a communications management Sub 
system 610, a femto interface subsystem 630, and/or a macro 
interface subsystem 640. The femtocell gateway 540-a also 
may include memory 615 and a processor module 625. All the 
components of the femtocell gateway 540-a may be in com 
munication with each other directly or indirectly (e.g., over 
one or more buses). 
I0127. For the sake of context and clarity, the femto inter 
face subsystem 630 is shown in communication with femto 
cell 125 (which includes in-band frequency module 230 and 
OOB frequency module 240), and the macro interface sub 
system 640 is shown in communication with macrocell base 
station 105 (via an SGSN 550 and/or one or more macro 
RNCs 120). Various communications functions, including 
those involved in facilitating femtocell 125 assisted hand-in 
are implemented and/or managed using the communications 
management Subsystem 610. For example, the communica 
tions management Subsystem 610 may at least partially 
handle communications with macro network elements using 
functionality of the macro interface subsystem 640 and may 
at least partially handle communications with femtocell 125 
using functionality of the femto interface subsystem 630. For 
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example, the communications management Subsystem 610 
may be a component of the femtocell gateway 540-a in com 
munication with some or all of the other components of the 
femtocell gateway 540 via a bus. 
0128. The memory 615 may include random access 
memory (RAM) and read-only memory (ROM). In some 
embodiments, the memory 615 is configured to maintain 
registration-related information. As described more fully 
below, the registration-related information may include iden 
tifier mappings for femtocells 125, UEs 115, etc., as well as 
registration messages, flags, etc. 
0129. The memory 615 may also store computer-readable, 
computer-executable Software code 620 containing instruc 
tions that are configured to, when executed, cause the proces 
sor module 625 to perform various functions described herein 
(e.g., call processing, database management, message rout 
ing, etc.). Alternatively, the software 620 may not be directly 
executable by the processor module 625 but be configured to 
cause the computer, e.g., when compiled and executed, to 
perform functions described herein. 
0130. The processor module 625 may include an intelli 
gent hardware device, e.g., a central processing unit (CPU) 
such as those made by Intel(R) Corporation or AMDR), a 
microcontroller, an application specific integrated circuit 
(ASIC), etc. Embodiments of the processor module 625 may 
be configured to facilitate functionality, Such as timer func 
tionality. Further, embodiments of the processor module 625 
include or facilitate some or all of the functionality of the 
communications management subsystem 610, the femto 
interface subsystem 630, or the macro interface subsystem 
640. 

0131 For example, FIG. 6B shows a block diagram of a 
wireless communications system 600-b that includes a fem 
tocell gateway 540-b that is an alternate configuration of the 
femtocell gateway 540-a of FIG. 6A. As with the femtocell 
gateway 540-a of FIG. 6A, the femtocell gateway 540-b of 
FIG. 6B may include a femto interface subsystem 630, a 
macro interface subsystem 640, memory 615, and/or a pro 
cessor module 625, which may all be in communication with 
each other directly or indirectly (e.g., over one or more buses). 
Unlike the femtocellgateway 540-a of FIG. 6A, the femtocell 
gateway 540-b of FIG. 6B may include communications 
management controller 610. Embodiments of the communi 
cations management controller 610 may be implemented as 
part of the processor module 625 to provide substantially the 
same functionality as that of the communications manage 
ment subsystem 610 shown in FIG. 6A. 
0132. As discussed above, embodiments of femtocell 
gateway 540, such as those described in FIGS. 6A and 6B, can 
interact with femtocells 125, like the one described in FIG. 
2A, to facilitate femtocell 125 assisted hand-in. For example, 
when a UE115 approaches a femtocell 125, the femtocell 125 
may detect the UE 115 in its proximity using an OOB link 
(e.g., Bluetooth paging procedure) or vice versa. In addition 
to or as part of the OOB detection procedure, the femtocell 
125 may determine whether the UE115 is an authorized user. 
For example, the femtocell 125 may check an access control 
list to determine whether the UE 115 is authorized to access 
macro communications services via the femtocell 125. 
0133. Having discovered each other (and the femtocell 
125 having validated the UE 115 as an authorized user), the 
femtocell 125 may register the UE 115 with the femtocell 
gateway 540. For example, the femtocell 125 may maintain a 
UE mapping 219 between the UE's 115 OOB identifier (e.g., 
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the Bluetooth device address.) detected during the detection 
procedure and a macro identifier of the UE 115, like the UE's 
115 IMSI. The femtocell 125 may register the UE 115 with 
the femtocell gateway 540 according to the UE's 115 identi 
fier(s). 
I0134. In some embodiments, the OOB radio range (e.g., 
the edge of Bluetooth coverage) may be greater than the 
femtocell 125 coverage range (for example, the range of the 
in-band frequency module 230), such that the detection and 
registration of the UE 115 may be performed before the UE 
115 detects the femtocell 125. Thus, in many cases, a, OOB 
proximity detection or indication may be communicated by 
the femtocell 125 to the femtocellgateway 540 for the UE115 
before any handover has been triggered by a measurement 
report of the UE 115 (i.e., the UE 115 may effectively be 
“pre-registered upon receipt of any handover request impli 
cating the UE 115). 
I0135. Notably, various types of registration or pre-regis 
tration may be available in the macro network 100 and/or 
femtocell 125 context. As used herein, “registration' and 
“pre-registration” can intend to refer to the existing UE reg 
istration in macro networks (and the communication of this 
message between the femtocell 125 and femtocell gateway 
540 may be triggered by the OOB proximity detection). In 
another embodiment, the registration refers to a message 
carrying an OOB proximity detection specifically to register 
a UE115 with an femtocell gateway 540. When a handover is 
triggered and a relocation request is received at the femtocell 
gateway 540 (e.g., from the SGSN 650), the femtocell gate 
way 540 may be able to correlate the UE registration with the 
handover request (e.g., according to the UE's 115 macro 
identifier). With this information, the femtocell gateway 540 
can uniquely identify the appropriate target femtocell 125 and 
reliably proceed with the hand-in. If the existing UE 115 
registration message in macro network is used for indicating 
the OOB proximity to femtocell gateway 540, the femtocell 
gateway 540 may create an entry for the UE 115 and the 
registering femtocell 125 in a registration database as it would 
for regular UE registrations not indicating OOB proximity. 
Later on, when a handover is triggered and a relocation 
request is received at the femtocell gateway 540 (e.g., from 
the SGSN 650), the femtocellgateway 540 may use the entry 
in the database to correlate the UE115 with registration in the 
database with the handover request (e.g., according to the 
UE's 115 macro identifier). With this information, the fem 
tocell gateway 540 can uniquely identify the appropriate tar 
get femtocell 125 and reliably proceed with the hand-in. 
0.136. In some cases, the femtocell gateway 540 commu 
nicates the handover request to the femtocell 125 with a flag 
indicating that femtocell gateway 540 thinks that the UE 115 
is in proximity of the femtocell 125 based on the femtocell's 
125 prior registration with the UE's 115 macro identifier (e.g., 
IMSI). Having received the flag, the femtocell 125 may try to 
detect the UE115 again (e.g., over an OOB channel using the 
OOB frequency module 240). If the UE115 is no longer in the 
femtocell's 125 proximity, the femtocell 125 can reject the 
handover request from the femtocell gateway 540. Further 
certain types of de-registration techniques may be used, as 
described below. 
0.137 According to one de-registration technique, a UE 
115 is explicitly deregistered by communicating an OOB 
absence indication to the femtocell gateway 540. For 
example, the OOB frequency module 240 and/or the in-band 
frequency module 230 may detect link loss with the UE 115 
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and send a de-registration request to the femtocell gateway 
540 in the form of an OOB absence indication. According to 
another de-registration technique, a UE 115 may be de-reg 
istered if a certain amount of time elapses after registration 
without receiving a corresponding handover request. Accord 
ing to yet another de-registration technique, a UE115 may be 
explicitly or implicitly de-registered upon acknowledgement 
of handover to the target femtocell 125. 
0.138. In some embodiments, registration is only per 
formed for active UEs 115. In one illustrative scenario, as 
described above, registration is based on detection over an 
OOB communication link and Subsequent communication to 
the femtocell gateway 540 of an OOB proximity detection or 
indication. In this scenario, the femtocell 125 may not know 
whether the UE 115 is in WWAN idle State or active State 
(e.g., in a voice call). For idle handover, the femtocell's 125 
pre-registration with the femtocell gateway 540 with the UE's 
115 macro identifier (e.g., IMSI) is ignored. For example, 
implicit de-registration may occur if a handover request mes 
sage does not arrive at femtocell gateway 540 prior to a 
timeout. 

0.139. In another illustrative scenario, a handover request 
message arrives at the femtocell gateway 540 (e.g., as a relo 
cation request message from the core network 130 of FIG. 1) 
implicating a UE 115. Even if the UE 115 has been pre 
registered, the femtocell gateway 540 may send a handover 
request to the femtocell 125 with a flag indicating that the 
femtocell gateway 540 believes the UE115 is in proximity of 
that specific femtocell 125 based on the pre-registration. In 
some embodiments, the femtocell 125 again tries to detect the 
UE 115 over the OOB communication link. If it fails, the 
femtocell 125 may reject the handover request; if it succeeds, 
the femtocell 125 may accept the handover request. 
0140. If the registration request is received at the femtocell 
gateway 540 after a corresponding handover request impli 
cating the UE 115 is received at the femtocell gateway 540, 
the femtocell gateway 540 may handle the hand-in in various 
ways, as described more fully below (e.g., with reference to 
the call flow diagram of FIGS. 13-14). For example, even 
when the registration request is received after a correspond 
ing handover request, techniques described herein may be 
used to help facilitate active hand-in. Alternatively, there may 
be no hand-in, or techniques described above may be used, 
like blind hand-in, etc. 
0141. It may be appreciated that the femtocell 125 assisted 
hand-in techniques described herein provide certain features. 
One feature may be that the techniques may be used to reli 
ably determine an appropriate target femtocell 125 for active 
hand-in. Another feature is that pre-registration through com 
munication of OOB proximity detection or indication may 
reduce or eliminate latencies relating to the blind hand-off 
technique. Yet another feature is that core network signaling 
(e.g., from measurement request and response) may be 
reduced. And another feature is that no changes may be 
needed in the UE 115, the air interface, or the legacy infra 
structure. The techniques may be implemented with changes 
only to the femtocell 125 and/or the femtocell gateway 540. 
0142 Embodiments of femtocell 125 assisted hand-in 
techniques are described below with reference to methods of 
FIGS. 7-14. Turning first to FIG. 7A, a flow diagram is shown 
of a method 700-a for macrocell-to-femtocell hand-in in 
accordance with various embodiments. The method 700-a 
may, for example, be performed by the femtocell 125 of FIG. 
1, 2A, 2B, 5, 6A, or 6B. The method 700-a may begin at block 
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705 by detecting a UE 115 in proximity to a femtocell 125 
using an OOB communications link. The femtocell 125 may 
be communicatively coupled with a macro network 100 via a 
macrocell base station 105. For example, the UE 115 may be 
camped on the macrocell base station 125 and may or may not 
be in active cellular communications. The femtocell 125 may 
include includes an OOB frequency module 240 and an in 
band frequency module 230. The in-band frequency module 
230 may include an HNB. The femtocell 125, through the 
in-band frequency module 230, may be communicatively 
coupled with the macro network 100 via a femtocell gateway 
540. In some embodiments, the femtocell gateway 540 may 
be a HNB gateway. 
0143. At block 710, an identifier of UE 115 on the macro 
network 100 may be identified or determined by the femtocell 
125 using the OOB communications link. For example, as 
part of detecting the UE 115 at block 705, an OOB identifier 
corresponding to the UE 115 (e.g., the BD ADDR) may be 
detected using the OOB frequency module 240 over an OOB 
communications link. In some embodiments, a macro iden 
tifier (e.g., IMSI) associated with the UE 115 may be identi 
fied. As discussed above, the femtocell 125 may maintain UE 
mappings 219 between a corresponding OOB identifier and 
identifier for a particular UE 115. 
0144. In some embodiments, a determination is made as to 
whether the UE115 is authorized to access the macro network 
100 via the femtocell 125. For example, the femtocell 125 
may maintain an access control list (e.g., a “white list) with 
UEs 115 authorized to attach to the femtocell 125 (e.g., autho 
rized to access macro communications services via the fem 
tocell 125). If it is determined that the UE 115 is not autho 
rized to access the macro network 100 via the femtocell 125, 
the method 700-a may abort. For example, the method 700-a 
may ignore the UE115. In some embodiments, the femtocell 
gateway 540 may determine whether the UE 115 is autho 
rized to access the macro network 100 via the femtocell 125. 
If it is determined that the UE 115 is authorized to access the 
macro network 100 via the femtocell 125, the femtocell 125 
may proceed with registering the UE115 as described below. 
(0145 At block 715, the UE 115 is registered for hand-in 
from the macrocell base station 105 to the femtocell 125. This 
may be done by communicating, from the femtocell 125 to 
the femtocell gateway 540, the user equipment identifier. In 
addition, the registering of the UE 115 may indicate OOB 
proximity detection of the UE 115 with respect to the femto 
cell 125. For example, the femtocell 125 may communicate at 
least the UE's 115 macro identifier to the femtocell gateway 
540 as part of a registration message. As discussed above, the 
OOB range may be greater than (e.g., or at least Substantially 
the same as) the femtocell range, such that the blocks of the 
method 700-a (e.g., from the proximity detection at block 705 
to communication of the registration method at block 715) 
may, in some cases, occur before the UE 115 enters the 
femtocell range. In this way, the registration may occur before 
the UE's 115 measurement report may indicate the femtocell 
125 and before any handover to the femtocell 125 is deter 
mined by the macro network 100. 
014.6 Registering the UE 115 for hand-in the macrocell 
105 to the femtocell 125 may include transmitting a registra 
tion message from the femtocell 125 to the femtocell gateway 
540. Registering the UE 115 for hand-in from the macrocell 
105 to the femtocell 125 may include transmitting an OOB 
indication message from the femtocell 125 to the femtocell 
gateway 540. Some embodiments may utilize a UE mapping 
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between a macro identifier of the UE 115 with the OOB 
identifier to determine the user equipment identifier. 
0147 As described above with reference to FIG. 5, various 
configurations may use different types of OOB proximity 
detection to facilitate registration (e.g., pre- and/or post-reg 
istration using OOB proximity detection). For example, por 
tions of the method 700-a may be different, depending on 
whether the OOB proximity detection was being performed 
using a configuration like the one shown in FIG. 5 (e.g., using 
a Bluetooth radio as an OOB frequency module 240 physi 
cally integrated with the femtocell 125). For the sake of added 
clarity, an example scenario is described in FIG. 7B. 
0148 Turning first to FIG. 7B, a flow diagram is shown of 
a method 700-b for macrocell-to-femtocell hand-in utilizing 
UE 115 registration at a femtocell gateway 540 using a fem 
tocell 125 in accordance with various embodiments. The 
method 700-b may, for example, be performed by the femto 
cell 125 of FIG. 1, 2A, 2B, 5, 6A, or 6B. Method 700-b may 
be performed in the context of a Bluetooth radio being used as 
an OOB frequency module 240 physically integrated with a 
femtocell 125, for example. For the sake of added clarity, 
reference numerals from FIG. 7A are used with the addition 
of a lower-case “a” to indicate a possible illustrative imple 
mentation of the corresponding block from FIG. 7A in the 
context of FIG. 7B. Accordingly, the method 700-b begins 
with block 705-a in which a Bluetooth radio, configured as an 
OOB frequency module 240 integrated with a femtocell 125 
is used to detect a UE 115 in proximity to the femtocell 125. 
0149 Block 705-a includes blocks 720 and 725. At block 
725, a Bluetooth radio (i.e., OOB frequency module 240) 
periodically pages the UE115 to see whether the UE115 is in 
its proximity. As used herein, “periodically' is intended 
broadly to convey types of signaling that are non-continuous. 
For example, periodically may include signaling (e.g., pag 
ing) at predefined intervals, according to particular thresh 
olds, etc. At block 725, the Bluetooth radio of the femtocell 
detects a response from the UE 115 over a Bluetooth link. 
More generally, the femtocell may page the UE 115 over an 
OOB communications link and then detect a response to the 
paging from the UE115 over the OOB communications link. 
The response may include an OOB identifier of the UE 115. 
In some embodiments, the response may include a macro 
identifier of the UE 115. 

0150 Having received the response from the UE 115, the 
femtocell 125 may be aware that the UE 115 is in proximity, 
and the femtocell 125 may know the Bluetooth device address 
(e.g., BD ADDR) of the UE 115. As described above, the 
Bluetooth device address may effectively provide a unique 
out-of-band identifier for the UE115. In some configurations, 
the femtocell 125 makes further determinations. For example, 
as discussed above, the femtocell 125 may determine whether 
the UE115 is authorized to access the macro network 100 via 
the femtocell 125, through the in-band frequency module 
230, for example. 
0151. At block 710-a, a macro identifier identifying the 
UE 115 on the macro network 100 (e.g., the IMSI) may be 
determined. For example, UE mappings 219 between a cor 
responding OOB identifier and macro identifier for a particu 
lar UE 115 may be maintained by the femtocell 125, such that 
the femtocell 125 may determine the macro identifier of the 
UE 115 from its corresponding Bluetooth device address. 
Alternatively, the mappings may be maintained at the femto 
cell gateway 540. 

Apr. 19, 2012 

0152. At block 715-a, the UE 115 may be registered for 
hand-in from the macrocell base station 105 to the target 
femtocell 125. In particular, the femtocell 125 may commu 
nicate an OOB proximity detection or OOB presence indica 
tion to the femtocell gateway 540 with an identifier of the UE 
115 to register the UE115 with the femtocellgateway 540. In 
Some configurations, in which the UE mappings are main 
tained at the femtocell 125, the OOB proximity detection or 
indiction may be communicated to the femtocell gateway 540 
with the UE's 115 macro identifier (e.g., and OOB identifier, 
in some configurations). In other configurations, in which the 
UE mappings are maintained at the femtocell gateway 540. 
the OOB proximity detection or indication may be commu 
nicated to the femtocell gateway 540 with the UE's 115 OOB 
identifier, and the femtocell gateway 540 may then determine 
the mapping to the corresponding macro identifier. 
0153. Using Bluetooth for proximity may provide a num 
ber of features. For example, Bluetooth may allow for rela 
tively low-power paging, range that may be similar to that of 
the femtocell coverage area, etc. Further, many UEs 115 may 
already be equipped with Bluetooth radios, such that the 
techniques may be implemented with little or no changes to 
the UEs 115. However, certain limitations may manifest in 
some configurations. For example, the femtocell 125 may 
need to be integrated with the Bluetooth radio, and certain 
types of provisioning may be difficult. Further, when using an 
open-femtocell (e.g., no access controllist) or enterprise-type 
configuration, it may be difficult or inefficient to page the 
large number of Bluetooth addresses corresponding to all 
UEs 115 that may be in proximity. Some embodiments may 
utilize other forms of OOB communication to address these 
issues, or utilize other methods discussed herein. 
0154 FIG. 8 shows a flow diagram of a method 800 for 
handling active hand-ins with a femtocell in accordance with 
various embodiments. The method 800 may, for example, be 
performed by the femtocell 125 of FIG. 1, 2A, 2B, 5, 6A, or 
6B. The method 800 is shown in the context of block 715 of 
FIG. 7A or FIG. 7B for added clarity. For the sake of illus 
tration, the method 800 is described for a UE 115 that was 
registered by the femtocell 125 with the femtocell gateway 
540, for example, according to the method 700-a of FIG. 7A. 
0155 Accordingly, the method 800 may begin at block 
805 by receiving a handover request for a pre-registered UE 
115 (a UE 115 for which OOB proximity detection has pre 
viously been communicated to the femtocell gateway 540) at 
the femtocell 125 from the femtocell gateway 540. In these 
cases, the handover request may be received Subsequent to 
registered the UE115 from hand-in from the macrocell to the 
femtocell. In some embodiments, the femtocell 125 main 
tains an awareness of its registration of the UE 115, such that 
it is aware of the proximity of the UE115 when the handover 
request is received. In other embodiments, the handover 
request includes a flag or other indication to the femtocell 125 
that the implicated UE 115 is believed to be in the femtocell's 
125 proximity (e.g., that the UE 115 has been pre-registered 
by the femtocell 125 by communicating an OOB proximity 
detection to the femtocell gateway 540). 
0156. At block 810, an acknowledgement message may be 
communicated from the femtocell 125 to the femtocell gate 
way 540 in response to receiving the handover request. The 
messaging between the femtocell 125 and the femtocell gate 
way 540 may be implemented across one or more networks. 
For example, the acknowledgement message may be commu 
nicated from the femtocell 125 to a secure gateway at the edge 
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of a core network over an Internet Protocol Security (IPSec) 
tunnel, from the secure gateway to an IP Multimedia Sub 
system (IMS) network in the core network, and from the IMS 
network to the femtocell gateway 540 in the core network. 
(O157 At block 815, the pre-registered UE 115 is directed 
to hand in active communications from its currently con 
nected (source) macrocell 105 to the target femtocell 125. 
Notably, the UE 115 may not typically receive any handover 
direction from the femtocell 125. Rather, the femtocell 125 
may acknowledge the handover request to indicate that it is an 
appropriate handover target, and macro network 100 ele 
ments (e.g., the source macrocell 105) ultimately may com 
municate the handover directive to the UE 115. 
0158 Merely by way of example, a call flow diagram 900 
illustrating an active hand-in according to the methods 700 
and 800 of FIGS. 7 and 8 is shown in FIG. 9. The call flow 
diagram 900 shows communications between a UE 115, a 
currently connected (source) macrocell 105, RNC 120, a 
source SGSN 650, a target femtocell gateway 540, and two 
potential target femtocells 125-a and 125-b. For the sake of 
avoiding excess detail, the signaling between source macro 
cell 105 in communication with a macro RNC 120, is not 
shown. It is assumed for the sake of the call flow diagram 900 
that the potential target femtocells 125 have a common cell 
identifier (e.g., they have the same PSC). As such, it may be 
necessary to reliably determine the appropriate one of the 
potential target femtocells 125 to ensure a successful active 
hand-in. 
0159. The call flow diagram 900 begins at block 904 with 
the UE 115 currently engaged in an active macro communi 
cations, like a Voice call or a data call, that may be facilitated 
by the source SGSN 650 via the source macrocell 105 and/or 
RNC 120. At some time, the UE115 moves into proximity of 
the OOB frequency module 240 associated with a first of the 
potential target femtocell 125-a (e.g., the OOB frequency 
module 240 and an in-band frequency module 230 may inte 
grated into the femtocell 125-a). At block 908, the OOB 
frequency module 240 may detect the UE115 in its proximity 
(e.g., as in block 705 of FIG. 7A). At block 912, the first 
potential target femtocell 125-a may send an OOB proximity 
detection or indication (e.g., a registration request) to the 
target femtocell gateway 540 to pre-register the UE115 (e.g., 
according to block 715 of FIG. 7A). At block 914, the target 
femtocell gateway 540 may respond with a registration 
acceptance acknowledging the reception of the registration 
request from the target femtocell 125-a, and then may con 
firm that an entry for the UE 115 and registering femtocell 
125-a have been created in the registration database. 
0160. At some time thereafter, the UE 115 may move into 
the femtocell coverage area of the femtocell 125, detect the 
femtocell 125, and send a measurement report to the source 
macrocell 105 and/or RNC 120 at block 916. The measure 
ment report may include the pilot strength of the femtocell 
125 as observed by the UE115 and the PSC of the femtocell 
125. The source macrocell 105 and/or RNC 120 may deter 
mine that a handover is required according to the measure 
ment report and may communicate a relocation required mes 
sage to the source SGSN 650 at block 920. At block 924, the 
relocation required message may be communicated (e.g., as a 
relocation request message over the core network) from the 
source SGSN 650 to the target femtocell gateway 540. 
0161 Having received a relocation request, the target fem 

tocell gateway 240 may now determine which potential target 
femtocell 125 is the correct target for the hand-in. For 
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example, the handover request may include the IMSI of the 
UE 115 and the PSC of the target femtocell 125. However, in 
this exemplary case, two potential target femtocells 125 may 
have the same PSC, such that one cannot be uniquely identi 
fied by the PSC alone. Using traditional techniques, as 
described above, the handover request may be addressed, for 
example, by ignoring the hand-in, by blindly selecting one of 
the potential target femtocells 125, etc. However, having 
received the OOB proximity indication or UE registration 
message at block 912, the target femtocell gateway 540 may 
reliably select the first potential target femtocell 125-a as the 
correct target femtocell 125 for the hand-in. 
0162. At block 928, the target femtocell gateway 540 may 
send the handover request to the first target femtocell 125-a. 
The first target femtocell 125-a may respond to the target 
femtocell gateway 540 with a handover response carrying an 
“accept’ message at block 932. The handover may then be 
communicated to the UE 115 via the core network and/or the 
macro network 100. Notably, while referred to generically 
herein in some instances as “handover requests' for the sake 
of simplicity, each related message may, in fact, be of a 
different form and/or purpose. For example, as illustrated, a 
handover response may be communicated from the target 
femtocell gateway 540 to the source SGSN 650 as a reloca 
tion response message at block 936; a relocation command 
may be communicated from the source SGSN 650 to the 
source macrocell 105 and/or RNC 120 at block940; and/or a 
relocation command may be communicated from the Source 
macrocell 105 and/or RNC 120 to the UE 115 as a physical 
channel configuration message at block 944. 
(0163 At block 948, the UE 115 may communicate an 
acknowledgement message, the physical channel reconfigu 
ration message to the source macrocell 105 and/or RNC 120. 
At block 952, the UE115 may attempt to detect and synchro 
nize with the first potential femtocell 125-a; and, at block 
956, the UE 115 may communicate a handover complete 
message to the first potential target femtocell 125-a; and the 
first potential target femtocell 125-a may communicate the 
handover complete message to the target femtocell gateway 
540 at block 960. Although not shown in the figure, the 
handover complete message may be relayed to the source 
macrocell 105 and/or RNC 120 so that the radio link set-up 
for the UE115 can be deleted. Having completed the hand-in, 
the UE's 115 active macro communications (e.g., the voice 
call) continue at block 964 facilitated by the appropriately 
identified target femtocell 125 (i.e., previously the first poten 
tial target femtocell 125-a) instead ofby the source macrocell 
125 and/or RNC 120. 

0164. It is worth noting that the call flow diagram 900 is 
intended to show one example of a exemplary call flow and is 
simplified in many ways to add clarity. For example, while a 
“handover request' is discussed in a number of blocks, it will 
be appreciated that each element may communicate the mes 
sage in similar or different forms with similar or different 
information included. As such, the call flow diagram 900 
should not be construed as limiting the scope of the disclosure 
or claims. 

0.165. It is further worth noting that it may be necessary or 
desirable to de-register UEs 115 in certain cases. For 
example, suppose that a UE 115 is registered by a first fem 
tocell 125-a. Later, the UE115 may move into proximity of a 
second femtocell 125-b that may have the same PSC of the 
first femtocell 125-a, but may be located well out of range of 
the first femtocell 125-a (e.g., miles away). The UE115 may 
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send a measurement report with the shared PSC, triggering a 
handover request. At this block, the femtocell gateway 540 
may have to use one or more techniques to determine that 
handover to the second femtocell 125-b, rather than to the first 
femtocell 125-a, is desired. Otherwise, registration by the 
first femtocell 125-a may cause the femtocell gateway 540 to 
attempta hand-in of the active communications of the UE115 
from its current macrocell 105 to the first femtocell 125-a, 
even though the UE 115 is well out of range of the first 
femtocell 125, which may cause undesirable results (e.g., an 
active voice call may be dropped). Registration time stamps, 
de-registration, and/or other techniques described herein may 
be used to address this issue, as described more fully below. 
(0166 FIG. 10 shows a flow diagram of a method 1000 for 
handling de-registration of UES in accordance with various 
embodiments. The method 1000 may, for example, be per 
formed by the femtocell 125 of FIG. 1, 2A, 2B, 5, 6A, or 6B. 
The method 1000 is shown in the context of block 715 of FIG. 
7A for added clarity. For the sake of illustration, the method 
1000 is described for a UE 115 that was registered by the 
femtocell 125 with the femtocell gateway 540, for example, 
according to the method 700-a of FIG. 7A. 
(0167. The method 1000 may begin at block 1005 by deter 
mining whether an OOB communications link between the 
OOB frequency module 240 and the registered UE 115 has 
been lost. As described above (e.g., with reference to block 
705 of FIG.7A), an OOB communications link may be estab 
lished between the UE 115 and an OOB frequency module 
240 associated with the target femtocell 125. If the OOB 
communications link is lost (e.g., at all, for a predetermined 
minimum duration, etc.), this may indicate that the UE115 is 
no longer in proximity to the femtocell 125. 
(0168 If it is determined at block 1005 that the OOB com 
munications link has been lost (e.g., since registration of the 
UE 115), the UE 115 may be de-registered at the femtocell 
gateway 540 by the femocell 125 at block 1010. If it is 
determined at block 1005 that the OOB communications link 
has not been lost, a further determination may be made at 
block 1015 as to whether a handover request has been 
received for the registered UE 115 at the femtocell 125. If a 
handover request has not been received, the method 1000 may 
iterate through blocks 1005 and 1015 until either the OOB 
communications link is determined to be lost at block 1005 or 
the handover request is received at block 1015. If a handover 
request has been received for the registered UE 115 at the 
femtocell 125, the registered UE 115 may be directed to 
hand-in (e.g., according to block 815 of FIG. 8). 
0169 Certain embodiments may handle de-registration in 
other ways. For example, in one configuration, the method 
1000 may explicitly de-register the UE 115 after completing 
the hand-in (e.g., Successfully and/or unsuccessfully). Nota 
bly, however, it may be useful to maintain the registration 
(i.e., not de-register the UE115) even after hand-in to provide 
the network with knowledge about the proximity of the UE 
115 and/or other types of information that can begained from 
the registration. 
0170 According to another configuration, when the UE 
115 is registered at the femtocellgateway 540, the registration 
is associated with a timestamp. For example, the registering 
femtocell 125 may communicate an OOB proximity detec 
tion that includes the UE's 115 macro identifier (e.g., or OOB 
identifier) and a timestamp. If another femtocell 125 subse 
quently sends a registration request to the femtocell gateway 
540 for the same UE 115, the new registration request may 
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include a later timestamp. The femtocell gateway 540 may 
then consider any prior registration request to be invalid, and 
facilitate handover to the later-requesting femtocell 125. For 
example, the UE 115 may implicitly be de-registered from 
prior-requesting femtocell 125 upon receiving a Subsequent 
registration request at the femtocell gateway 540. 
0171 According to still another configuration, timer 
based de-registration is implemented. For example, upon reg 
istering the UE115, the femtocell 125 may begin a timer (e.g., 
or otherwise begin tracking elapsed time). A certain time 
frame (e.g., one minute) may be determined after which de 
registration is appropriate. For example, setting the time 
frame too small may cause the femtocell 125 to have to 
re-register the UE 115 inefficiently, while setting the time 
frame too large may allow the UE115 to enter coverage areas 
of other femtocells 125 potentially sharing the same PSC 
prior to the de-registration. Notably, timer-based de-registra 
tion may be undesirable in certain configurations. For 
example, after registration, a handover request may not be 
received for a long time due to the UE 115 being idle or due 
to some other circumstance. If the UE 115 were implicitly 
de-registered prior to receiving the handover request, benefits 
of the registration may be lost. 
0172 FIGS. 7-10 are discussed above primarily in context 
of pre-registration (i.e., communicating the OOB proximity 
detection for a UE 115 prior to receiving a handover request 
for the UE 115). It may be appreciated that similar techniques 
may be used in cases where the OOB proximity detection is 
communicated Subsequent to receiving a handover request 
implicating the UE115. For example, as described above, the 
femtocellgateway 540 may be unable to determine the appro 
priate target femtocell 125 for hand-in based only on the cell 
identifier provided in the handover request from the SGSN 
650, and may communicate a handover request to all candi 
date target femtocells 125 (e.g., simultaneously). 
(0173 FIG. 11 shows a flow diagram of a method 1100 for 
implementing certain active hand-in functionality without 
pre-registration (i.e., without having communicated the OOB 
proximity detection for a UE 115 prior to receiving a han 
dover request for the UE 115) in accordance with various 
embodiments. The method 1100 may, for example, be per 
formed by the femtocell 125 of FIG. 1, 2A, 2B, 5, 6A, or 6B. 
The method 1100 may begin at block 1105 by receiving a 
handover request at a femtocell 125 via its in-band frequency 
module 230 from a femtocell gateway 540 for a designated 
UE 115. The femtocell gateway 540 may send the handover 
request to a set of candidate femtocells that share the same 
PSCs. Note that the handover request may be sent to each 
femtocell with a “dummy ID', instead of the target femtocell 
macro identifier. The “dummy ID' may indicate to the fem 
tocell 125 that the handover request is for a PSC confusion 
scenario where multiple candidate femtocells 125 have been 
identified, hence, an OOB capable femtocell 125 may use an 
OOB detection of a designated UE 115 (a UE with mapping 
between a UE macro identifier and OOB identifier stored in 
the femtocell). Otherwise, the femtocell 125 may use legacy 
techniques like blind Support or no support to respond to the 
handover request. 
(0174. At block 1110, the femtocell 125 may confirm that 
the UE115 has an entry in the UE mappings 219 between the 
UE macro identifier and OOB identifier. For example, if the 
UE115 is in the femtocell's 125 UE mappings 219 (e.g., in the 
femtocell's 125 access controllist), the femtocell 125 may be 
able to use the UE's 115 IMSI, etc. to determine the UE's 115 
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OOB identifier (e.g., BD ADDR). Then the OOB frequency 
module 240 of the femtocell 125 may be used to detect the UE 
115 over an OOB communications channel. Note that if a 
mapping for the UE was not found in UE mapping 219, the 
femtocell 125 may be unable to use OOB detection and 
hence, send a handover response based on other techniques 
such as blind support or no support as shown in block 1115. 
0175 Having used OOB communication to detect the UE 
115 at block1120, a determination is made at block 1125 as 
to whether the UE115 is detected in proximity to the femto 
cell 125. If it is determined at block 1125 that the UE 115 is 
not detected in proximity to the femtocell 125, the femtocell 
125 may communicate a detection failure response to the 
femtocell gateway 540 at block 1130 through a handover 
response with a "reject' flag. If it is determined at block1125 
that the UE115 is detected in proximity to the femtocell 125, 
femtocell 125 may communicate a detection successful 
response to the femtocell gateway 540 at block 1135. 
0176 Having successfully detected the UE115 in its prox 
imity, the femtocell 125 may handle the hand-in in various 
ways. According to one technique, the femtocell 125 registers 
the UE115 for hand-in to the femtocell gateway 540 (e.g., by 
communicating the cell identifier of the UE 115 from the 
femtocell 125 to the femtocell gateway 540 in a registration 
message such as with block 715 of FIG. 7A) followed by a 
handover response with an “accept flag 1145. According to 
another technique, the femtocell 125 communicates Success 
ful proximity detection with a handover response with an 
“accept” and “OOB indicator” flags 1140. The reception of an 
OOB indicator in a handover response message at block 1228 
or a UE 115 registration preceding the handover response 
with an “accept flag at block 908, alerts the femtocell gate 
way 540 to the fact that the handover response is based on 
OOB detection and the UE has been successfully detected. 
The femtocell gateway may give precedence to Such 
responses over handover responses based on other techniques 
like blind hand-off or no support since these techniques are 
less reliable. Having communicated a Successful detection to 
the femtocell gateway 540, the UE's 115 communications 
may be handed over to the femtocell 125 in a reliable fashion. 
0177 FIGS. 7-11 focus primarily on handling of hand-in 
functionality from the perspective of a femtocell 125. As 
described above and as illustrated by the call flow diagram 
900 of FIG. 9, active hand-in functionality is further facili 
tated by actions of the femtocell gateway 540. Techniques for 
handling of hand-in functionality from the perspective of a 
femtocell gateway 540 are described in FIGS. 12-14. 
0.178 Turning to FIG. 12, a flow diagram is shown of a 
method 1200 for handling femtocell-assisted hand-in at a 
femtocell gateway in accordance with various embodiments. 
The method 1200 may, for example, be performed by the 
femtocellgateway 540 of FIG.5, 6A, or 6B. The method 1200 
may begin at block 1205 a handover request may be received, 
at a femtocell gateway 540 from a macro network 100. The 
handover request may be configured to direct a UE 115 to 
hand off active communications with the macro network 100 
from a macrocell 105 to a designated femtocell 125 with a 
first femtocell identifier. 

(0179. At block 1210, it may be determined at the femtocell 
gateway 540 whether any of multiple femtocells 125 regis 
tered the UE 115 with the femtocell gateway 540 prior to 
receiving the handover request. Block 1210 may include 
determining whether an OOB proximity detection is received 
from any of the multiple femtocells prior to receiving the 
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handover request. The OOB proximity detection may include 
a macro identifier of the UE 115, such as an IMSI. The OOB 
proximity detection may include an OOB identifier of the UE 
115. In some cases, the femtocell gateway 540 may determine 
whether the macro identifier of the UE115 corresponds to the 
OOB identifier of the UE 115. In some embodiments, the 
femtocell gateway 540 may determine whether two or more 
femtocells of the multiple femtocells are addessable by the 
femtocell gateway 540 according to the first femtocell iden 
tifier. The femtocell gateway 540 may then determine 
whether the designated femtocell is one of the two or more 
femtocells addressable according to the first femtocell iden 
tifier utilizing a second femtocell identifier. 
0180. At block 1215, the femtocellgateway 540 may com 
municate the handover request to the designated femtocell 
125. Some embodiments of method 1200 may further include 
determining whether the designated femtocell 125 is 
uniquely addressable by the femtocellgateway 540 according 
to the first femtocell identifier. Communicating the handover 
request from the femtocell gateway 540 to designated femto 
cell may utilize the first femtocell identifier. 
0181 Turning to FIG. 13A, a flow diagram is shown of a 
method 1300-a for handling femtocell-assisted active hand 
in at a femtocell gateway in accordance with various embodi 
ments. The method 1300-a may, for example, be performed 
by the femtocell gateway 540 of FIG. 5, 6A, or 6B. The 
method 1300-a may begin at block 1205 by receiving a han 
dover request at the femtocell gateway 540 from a macro 
network 100 (e.g., from the SGSN 650 over the core net 
work). The handover request may be configured to direct a 
UE 115 to hand off active macro communications from a 
current (source) macrocell 105 to a designated femtocell 125. 
The designated femtocell 125 may be one of a number of 
femtocells 125 in communication with the femtocell gateway 
540, and each femtocell 125 may be identifiable by a first 
femtocell identifier (e.g., a PSC). Each femtocell 125 may 
also be identifiable by a second femtocell identifier, which 
may be a femtocell gateway-oriented identifier (e.g., an iden 
tifier used by the femtocell gateway 540 to uniquely address 
all the femtocells 125 in communication with the femtocell 
gateway 540). Note that this femtocell gateway identifier can 
be similar to the unique identifier broadcasted in the system 
information of the femtocells 125. In addition, the femtocell 
gateway 540 can send handover requests to the femtocells 125 
with an identifier termed the “dummy ID' which indicates to 
the femtocells 125 that the handover request is for a PSC 
confusion scenario where multiple candidate femtocells 125 
have been identified, hence, an OOB capable femtocell 125 
with an OOB frequency module 240 may use the OOB detec 
tion for a designated UE 115. Otherwise, the femtocell 125 
may use legacy techniques like blind Support or no support to 
respond to the handover request. Note that the “dummy ID' 
may have a similar format as the femtocell gateway oriented 
identifier but it has not been assigned to any femtocell 125. 
0182. As described above, the first femtocell identifier 
may be substantially non-unique. For example, a number of 
femtocells 125 in the same macro sector may share the same 
first femtocell identifier (e.g., PSC). On the contrary, the 
second femtocell identifier may be substantially or com 
pletely unique. For example, the second femtocell identifier 
may be at least unique enough so as to be used to reliably 
identify a particular femtocell 125 from the perspective of the 
femtocellgateway 540. It may be assumed that the designated 
femtocell 125 is identified in the handover request by its first 
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femtocell identifier. For example, the first femtocell identifier 
may be how the femtocell 125 is identified by the UE115 as 
part of its measurement report, which is then used to trigger 
the handover request. 
0183 At block 1210, a determination may be made as to 
whether any femtocells 125 registered the macro identifier of 
the UE 115 (e.g., the IMSI) with the femtocell gateway 540 
prior to receiving the handover request at the femtocell gate 
way 540. If it is determined at block 1210 that a particular 
(“registering') femtocell 125 registered the macro identifier 
of the UE115 with the femtocellgateway 540 prior to receiv 
ing the handover request at the femtocell gateway 540, the 
designated femtocell 125 may be determined to be the “reg 
istering femtocell 125 at block 1305 (i.e., the “registering” 
femtocell 125 may be determined to be the target femtocell 
125 for hand-in). Accordingly, at block 1215, the handover 
request may be communicated from the femtocell gateway 
540 to the designated femtocell 125 (i.e., the “registering 
femtocell 125) according to its second femtocell identifier. 
For example, the femtocell gateway 540 may maintain a 
mapping for all its connected femtocells 125 between their 
respective first and second identifiers. The femtocell gateway 
540 may uniquely address the handover request to the desig 
nated femtocell 125 by mapping the received first femtocell 
identifier (which may be substantially non-unique) to the 
maintained second femtocell identifier (which may be sub 
stantially unique). After the handover request is sent to the 
femtocell 125, at block 1310, an acknowledgement message 
(e.g. handover request message with an “accept may be 
received by the femtocell gateway 540 from the designated 
femtocell 125. 

0184. If it is determined at block 1210 that no femtocells 
125 registered the macro identifier of the UE 115 (using an 
OOB proximity detection or UE registration message) with 
the femtocell gateway 540 prior to receiving the handover 
request at the femtocell gateway 540, the femtocell gateway 
540 may use one or more techniques to handle the hand-in 
without being able to exploit pre-registration. For example, at 
block 1315, a set of candidate target femtocells 125 may be 
determined from those femtocells 125 registered at the fem 
tocell gateway 540. For example, the femtocell gateway 540 
may include in the set of candidates all femtocell 125 in the 
relevant macro sector associated with the received first fem 
tocell identifier. As described above, the femtocell gateway 
540 may send handover request for the designated UE 115 to 
any or a set of the femtocells 125 in the candidate list. 
0185. In some embodiments, the handover request sent to 
the femtocells 125 of the candidate list are directed to detect 
the UE115 at block 1320. In some cases, the handover request 
may include a “dummy ID so femtocells 125 with OOB 
frequency modules 240 may be directed to detect the UE115. 
For example, the femtocells 125 may engage in proximity 
detection according to techniques described with reference to 
FIG. 11. It may be possible that none of the candidate fem 
tocells 125 will detect the UE 115 in its proximity, or that 
multiple candidate femtocells 125 will detect the UE 115 in 
their proximity. Various techniques may be used to abort the 
method 1300 where there is no successful detection, or to 
select a “best result when there are multiple successes. Nota 
bly, embodiments may use only OOB detection. Use of the 
OOB detection may obviate the possibility that multiple suc 
cesses would occur. Accordingly, and for the sake of clarity, it 
is assumed that one of the candidate femtocells 125 is iden 
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tifiable by the femtocell gateway 540 as having successfully 
detected the UE 115 in its proximity. 
0186. At block 1325, an indication is received at the fem 
tocell gateway 540 from one of the candidate femtocells 125 
that the UE 115 is in its proximity. The femtocell 125 that 
indicates that the UE 115 is in its proximity may be referred 
to as a successful femtocell. This may be a registration mes 
sage accompanied by a handover response with an “accept 
flag or a handover response with “accept' and “OOB indica 
tor' flags, etc. 
0187. At block 1330, the femtocell gateway 540 may 
direct the designated UE 115 to be handed over to the desig 
nated (registering) femtocell 125 determined from blocks 
1210, 1305, 1215, and/or 1310. Otherwise, if there was no 
pre-registration for the designated UE 115 in 1210, the fem 
tocell gateway 540 may direct the designated UE 125 to be 
handed over to the designated femtocell 125 determined from 
blocks 1210, 1315, 1320, and/or 1325. 
0188 In some embodiments, the femtocell gateway 540 
may monitor an elapsed time Subsequent to directing the set 
of candidate femtocells 125 to detect whether UE 115 is in its 
proximity. The femtocell gateway 540 may determine 
whether the indication from one of the candidate femtocells 
125 that the UE 115 is in its proximity is received while the 
elapsed time is within a predefined time limit. The femtocell 
gateway 540 may communicate the handover request to the 
designated femtocell 125 when the indication from the one of 
the candidate femtocells 125 that the UE 115 is in its prox 
imity is received within the predefined time limit. 
0189 Turning to FIG. 13B, a flow diagram is shown of a 
method 1300-b for handling femtocell-assisted active hand 
in at a femtocell gateway in accordance with various embodi 
ments. The method 1300-b may, for example, be performed 
by the femtocell gateway 540 of FIG. 5, 6A, or 6B. Method 
1300-lb may utilize aspects of method 1300-a of FIG. 13A, 
such as blocks 1205 that are not shown in this diagram. For 
the sake of added clarity, reference numerals from FIG. 13A 
may used with the addition of a lower-case “a” to indicate a 
possible illustrative implementation or variation of the corre 
sponding block from FIG. 13A in the context of FIG. 13B. 
(0190. Method 1300-b may include at block 1210-a deter 
mining that none of the of multiple femtocells 125 registered 
the UE 115 prior to receiving the handover request. At block 
1315-a, a set of candidate femtocells 125 from the multiple 
femtocells may be determined. The set of candidate femto 
cells may be identified by at least the first femtocell identifier 
in some embodiments. At block 1335, each of the candidate 
femtocells 125 may be directed with an OOB hand-in cause 
value in the handover request to detect whether the UE 115 is 
in its proximity. The OOB hand-in cause value may be unrec 
ognizable by some femtocells 125, while some femtocells 
125 with OOB capabilities may recognize the OOB hand-in 
cause value. A dummy identifier may also be transmitted in 
some cases. Block 1335 may be referred to as a “first tier 
handover request. 
(0191). At block 1340, it may be determined whether an 
OOB accept message from one of the candidate femtocells 
125 is received. The OOB accept message may indicate that 
the one of the candidate femtocells 125 detects the UE 115 in 
its proximity. If it is determined that an OOB accept message 
has been received, the candidate femtocell 125 associated 
with the OOB accept message may identified as the desig 
nated femtocell 125. 
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0.192 Ifan OOB accept message is not received, it may be 
that only OOB reject message(s) from one or more of the 
candidate femtocells and/or error indication message(s) from 
one or more of the candidate femtocells may be received at 
block 1350. A “second tier handover request may be made as 
a result. At block 1355, a handover request with a normal 
cause value may be transmitting to each of the set of candidate 
femtocells 125. The normal cause value may be recognizable 
by the candidate femtocells 125 in general. A dummy identi 
fier may also be transmitted in some cases. The femtocell cells 
125 may respond using legacy techniques such as a handover 
response with blind accept or blind reject flag. At block 1360, 
at least a blind accept or a blind reject from one or more of the 
candidate femtocells 125 may be received. At block 1365, the 
candidate femtocell 125 associated with the blind accept may 
be identified as the designated femtocell. 
(0193 At block 1330-a, the designated UE 115 may be 
directed to hand in from its current connected macrocell 105 
to the designated femtocell 125. 
0194 Exemplary call flow diagrams 1400-a and 1400-b, 
illustrating an active hand-in according to the methods 1100, 
1200, and/or 1300-a of FIGS. 11, 12, and/or 13A, respec 
tively, are shown in FIG. 14A and FIG. 14B. The call flow 
diagrams 1400 are similar to the call flow diagram 900 of FIG. 
9, and similar messaging is described according to the same 
reference numbers as those used in FIG. 9. It will be appre 
ciated that the messaging, while similar, may not be identical 
according to the circumstances of the different call flows. In 
particular, FIG.9 describes a pre-registration scenario, while 
FIGS. 14A and 14B describe a post-registration scenario. In 
FIG.14A, a post-registration scenario is illustrated where the 
OOB proximity detection may be communicated from the 
femtocell 125 to the femtocell gateway 540 by a combination 
of UE registration message and a handover request with an 
“accept flag. In FIG.14B, a post-registration scenario is 
illustrated where the OOB proximity detection may be com 
municated from the femtocell 125 to the femtocell gateway 
540 by a handover request with “accept and OOB indicator 
flags. 
(0195 As in FIG. 9, the call flow diagrams 1400 show 
communications between a UE 115, a currently connected 
(source) macrocell 105 and/or RNC120, a source SGSN 650, 
a target femtocell gateway 540, and two potential target fem 
tocell 125-a and 125-b. For the sake of avoiding excess detail, 
the source macrocell base station may include a source mac 
rocell 105 in communication with a macro RNC 120, and 
signaling between those elements is not shown. It is assumed 
for the sake of the call flow diagrams 1400 that the potential 
target femtocells 125 have a common cell identifier (e.g., they 
have the same PSC). As such, it may be necessary to reliably 
determine the appropriate one of the potential target femto 
cells 125 to ensure a successful active hand-in. 
(0196. The call flow diagrams 1400 may begin at block 904 
with the UE 115 currently engaged in an active macro com 
munications, like a Voice call or a data call, facilitated by the 
Source SGSN 650 via the Source macrocell 105 and/or the 
RNC 120. At sometime, the UE115 may move into the femto 
coverage area of the femtocell 125, detect the femtocell 125, 
and send a measurement report to the source macrocell 105 
and/or RNC 120 at block 916. The measurement report may 
include the pilot strength of the femtocell 125 as observed by 
the UE 115 and the PSC of the femtocell 125. The Source 
source macrocell 105 and/or RNC 120 may determine that a 
handover is required according to the measurement report and 
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communicates a relocation required message to the Source 
SGSN 650 at block 920. At block 924, the relocation required 
message may be communicated (e.g., as a relocation request 
message over the core network) from the source SGSN 650 to 
the target femtocell gateway 540. 
0197) It is assumed in FIGS. 14A and 14B that, at the block 
when the relocation request 924 is received by the femtocell 
gateway 540, the UE 115 has still not been registered by any 
femtocells 125 sharing the identifier, such that multiple fem 
tocells 125 may be candidate target femtocells 125 for the 
hand-in. In some cases, the femtocell gateway 540 may send 
handover request with “dummy ID' to the candidate femto 
cells 125 at block 1402. At block 1404, the OOB frequency 
module 240 associated with a first of the potential target 
femtocell 125-a (e.g., the OOB frequency module 240 and the 
in-band frequency module may be integrated into the first 
potential target femtocell 125-a) detects the UE 115 in its 
proximity. 
(0198 In FIG. 14A, when the UE115 is detected by the first 
of the potential target femtocell 125-a, the femtocell 125-a 
may send an OOB proximity detection to the target femtocell 
gateway 540 by sending a registration message for the desig 
nated UE 115 at block 1408 and a handover response with an 
“accept flag at block 932. Having received the OOB prox 
imity detection and the handover request, the target femtocell 
gateway 540 can determine the designated femtocell 125-a. . 
Note that the femtocell 125-b may also receive the handover 
request at block 1402 and may reply back to the target fem 
tocell gateway 540 with a handover response based on blind 
off at block 1410. As described above, the target femtocell 
gateway 540 may distinguish the handover response based on 
OOB detection from those based on the blind off, and hence 
can determine the designated femtocell 125-a. 
(0199. In FIG. 14B, after OOB detection at block 1404, the 
femtocells 125 may send handover response messages at 
block 1410. While multiple potential target femtocells 125 
may send handover response messages, only target femtocell 
125-a (i.e., which detected the UE 115 in its proximity) 
communicates an OOB proximity detection to the femtocell 
gateway 540 along with its handover response (e.g., by send 
ing “accept and OOB indicator flags at block 1406). 
(0200 Irrespective of whether the OOB proximity detec 
tion or indicator in FIG. 14A or FIG. 14B is used, the han 
dover may then communicated to the UE 115 via the core 
network and the macro network 100. Notably, while referred 
to generically herein in Some instances as “handover 
requests’ for the sake of simplicity, each related message 
may, in fact, be of a different form and/or purpose. For 
example, as illustrated, a handover response may be commu 
nicated from the target femtocell gateway 540 to the source 
SGSN 650 as a relocation response message at block 936; a 
relocation command may be communicated from the Source 
SGSN 650 to the source macrocell 105 and/or RNC 120 at 
block 940; and/or a relocation command may be communi 
cated from the source macrocell 105 and/or RNC to the UE 
115 as a physical channel configuration message at block944. 
0201 At block 948, the UE 115 may communicate an 
acknowledgement message, the physical channel reconfigu 
ration message to the source macrocell 105 and/or RNC 120. 
At block 952, the UE may attempt to detect and synchronize 
with the first potential femtocell 125-a. At block 956, the UE 
115 may communicate a handover complete message to the 
first potential target femtocell 125-a; and the first potential 
target femtocell 125-a may communicate the handover com 
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plete message to the target femtocell gateway 540 at block 
960. Although not shown in the figure, the Handover com 
plete message may be relayed to the source macrocell 105 
and/or RNC 120 so that the radio link set-up for the UE 115 
can be deleted. Having completed the hand-in, the UE's 115 
active macro communications (e.g., the Voice call) continue at 
block 964 facilitated by the appropriately identified target 
femtocell 125 (i.e., previously the first potential target fem 
tocell 125-a) instead of by the source macrocell 105 and/or 
RNC 12O. 

0202 Other embodiments for facilitating the active hand 
in in a post-registration scenario may include tiered 
approaches. With this method, the femtocell gateway 540 
may give priority to handover responses from OOB-capable 
femtocells 125 (e.g., those having an OOB frequency module 
240 that uses the OOB link for detection), over responses 
from femtocells 125 that are not OOB-capable. This prioriti 
zation may be desirable because the responses based on OOB 
detection may be more reliable than the default response 
configurations in femtocells that typically involve a “blind' 
accept or reject of the handover request. 
0203. In these embodiments, the femtocell gateway 540 
may attempt to first obtain handover responses based on OOB 
detection by sending “first tier handover request targeted 
towards OOB-capable femtocells 125 only. If no handover 
response with an “accept flag is received by the femtocell 
gateway 540, the femtocell gateway 540 may send a “second 
tier handover request message to all candidate femtocells 
125. The "tiered approach can be implemented by defining a 
new “cause value” field in the handover request, thereby 
obtaining “OOB capability awareness” from the core net 
work 130 of FIG. 1 about the femtocells 125 supported by the 
femtocell gateway 540, etc. The “cause value” field may 
typically be used in handover request in deployed networks to 
communicate to the femtocells 125 the reason for handover 
request. 
0204. In FIG. 15A and FIG. 15B, call flows for the 
embodiments in which the “cause value” is used in the “tiered 
approach” for post registration detection are discussed. FIG. 
15A and/or FIG. 15B may illustrate an active hand-in accord 
ing to the method 1300-b of FIG. 13B. FIG. 15A and/or FIG. 
15B show aspects that may be implemented as aspects of 
method 1300-b of FIG. 13B. FIG. 15A illustrates a scenario 
where OOB detection is successful, and FIG. 15B illustrates 
a scenario where the OOB detection is unsuccessful. As in 
FIGS. 9, 14A, and/or 14B, the call flow diagrams 1500-a and 
1500-b show communications between a UE 115, a currently 
connected (source) macrocell 105 and/or RNC 105/120, a 
source SGSN 650, a target femtocell gateway 540, and two 
potential target femtocells 125. For the sake of avoiding 
excess detail, the source macrocell base station may include 
the source macrocell 105 (which may be source macro Node 
B) in communication with a macro RNC 120, and signaling 
between those elements is not shown. It is assumed for the 
sake of the call flow diagrams 1500 that the potential target 
femtocells 125 have a common cell identifier (e.g., they have 
the same PSC). As such, it may be necessary to reliably 
determine the appropriate one of the potential target femto 
cells 125 to ensure a successful active hand-in. 

0205 The call flow diagrams 1500 begin at block 904 with 
the UE 115 currently engaged in an active macro communi 
cations, like a voice call or a data call, facilitated by the Source 
SGSN 650 via the Source macrocell 105 and/or RNC 120. At 
some time, the UE 115 may move into the femto coverage 
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area of a femtocell 125, detect the femtocell 125, and send a 
measurement report to the source macrocell 105 and/or RNC 
120 at block 916. The measurement report may include the 
pilot strength of the femtocell 125 as observed by the UE 115 
and the PSC of the femtocell 125. The Source macrocell 105 
and/or RNC 120 may determine that a handover is required 
according to the measurement report and communicates a 
relocation required message to the source SGSN 650 at block 
920. At block 924, the relocation required message is com 
municated (e.g., as a relocation request message over the core 
network) from the source SGSN 650 to the target femtocell 
gateway 540. 
0206. It is assumed in FIG. 15A that at the block when the 
relocation request 924 may be received by the femtocell gate 
ways 540, the UE 115 has still not been registered by any 
femtocells 125 sharing the identifier, such that multiple fem 
tocells 125 are candidate target femtocells 125 for the hand 
in. As a result, the femtocell gateway 540 may send the “first 
tier handover request with “dummy ID' and an unrecog 
nized “cause value” 1502 (e.g. “OOB hand-in') to the candi 
date femtocells 125. At block 1504, femtocells 125 without 
the OOB capability (e.g., illustrated as femtocell 125-b) 
respond back with an "error indication' in the handover 
response. At block 1505, an OOB-capable femtocell 125 
(e.g., illustrated as the first potential target femtocell. 125-a, 
which is assumed to be integrated with an OOB frequency 
module 240) may detect the UE115 in its proximity and send 
a handover response with an “accept flag to the femtocell 
gateway 540 at block 1506. 
0207. The handover may then be communicated to the UE 
115 via the core network and the macro network 100. Nota 
bly, while referred to generically herein in Some instances as 
“handover requests’ for the sake of simplicity, each related 
message may, in fact, be of a different form and/or purpose. 
For example, as illustrated, a handover response may be com 
municated from the target femtocell gateway 540 to the 
source SGSN 650 as a relocation response message at block 
936; a relocation command may be communicated from the 
Source SGSN 650 to the Source macrocell 105 and/or RNC 
120 at block 940; and a relocation command may be commu 
nicated from the source macrocell 105 and/or RNC 120 to the 
UE 115 as a physical channel configuration message at block 
944. 

(0208. At block 948, the UE 115 may communicate an 
acknowledgement message, the physical channel reconfigu 
ration message to the source macrocell 105 and/or RNC 120. 
At block 952, the UE115 may attempt to detect and synchro 
nize with the first potential femtocell 125-a; at block 956, the 
UE 115 may communicate a handover complete message to 
the first potential target femtocell 125-a; and the first poten 
tial target femtocell 125-a may communicate the handover 
complete message to the target femtocell gateway 540 at 
block 960. Although not shown in the figure, the Handover 
complete message may be relayed to the source macrocell 
105 and/or RNC 120 so that the radio link set-up for the UE 
115 can be deleted. Having completed the hand-in, the UE's 
115 active macro communications (e.g., the Voice call) may 
continue at block 964 facilitated by the appropriately identi 
fied target femtocell 125 (i.e., previously the first potential 
target femtocell 125-a) instead ofby the source macrocell 105 
and/or RNC 120. 

0209. It is assumed in FIG. 15B that, at the block when the 
relocation request 924 is received by the femtocell gateway 
540, the UE115 may still not been registered by any femtocell 
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125 sharing the identifier, such that multiple femtocells 125 
may be candidate femtocells 125 for the hand-in. As a result, 
the femtocell gateway 540 may send the “first tier handover 
request with “dummy ID' and an unrecognized “cause value' 
1502(e.g. “OOB hand-in”) to the candidate femtocells 125-b 
without the OOB capability. At block 1504, femtocells 125 
without the OOB capability (e.g., femtocells 125-b) may 
respond back to the femtocell gateway 540 with an "error 
indication” in the handover response. At block 1508, OOB 
capable potential target femtocells 125 (e.g., femtocells 125 
a) may recognize the “cause value' and attempt to detect the 
UE 115 but the detection was unsuccessful. Therefore, all 
such femtocells 125-a may send handover responses with a 
“reject” flag 1510 to the femtocell gateway 540. 
0210. After the femtocell gateway 540 collects all the 
responses and no handover response with an “accept flag is 
received, the femtocell gateway 540 may then sends the “sec 
ond tier handover requests 1512 with a “dummy ID' and a 
“cause value” that can be recognized by all candidate femto 
cells 125. The femtocells 125-a with OOB capability may not 
use the OOB detection, but instead all femtocells 125 respond 
to the handover requests 1512 using legacy techniques such as 
handover response with blind “accept or “reject' flags. After 
the femtocell gateway 540 receives the handover responses 
1514, it may uses legacy active hand-in support (which are 
typically less reliable than using the OOB detection) in imple 
menting hand-in. This legacy Support might require that the 
femtocell gateway 540 to blindly select one femtocell 125 as 
the designated femtocell 125 or use other criterion (e.g. signal 
strength) to select the best “femtocell 125 if such informa 
tion is available at the femtocell gateway 540. 
0211. If the femtocellgateway 540 had prior knowledge of 
which femtocells 125 are OOB capable (OOB capability 
awareness), the “first tier handover request 1502 in FIGS. 
15A and 15B can be sent only to femtocells 125-a and not to 
all candidate femtocells 125. This may reduce the signaling 
involved in the active hand-in process. 
0212 Techniques described herein may be used for vari 
ous wireless communication systems such as CDMA, 
TDMA, FDMA, OFDMA, SC-FDMA, and other systems. 
The terms “system” and “network” are often used inter 
changeably. A CDMA system may implement a radio tech 
nology such as CDMA2000, Universal Terrestrial Radio 
Access (UTRA), etc. CDMA2000 covers IS-2000, IS-95, and 
IS-856 standards. IS-2000 Releases 0 and A are commonly 
referred to as CDMA2000 1X, 1X, etc. IS-856 (TIA-856) is 
commonly referred to as CDMA2000 1xEV-DO, High Rate 
Packet Data (HRPD), etc. UTRA includes Wideband CDMA 
(WCDMA) and other variants of CDMA. A TDMA system 
may implement a radio technology Such as Global System for 
Mobile Communications (GSM). An OFDMA system may 
implement a radio technology such as Ultra Mobile Broad 
band (UMB), Evolved UTRA (E-UTRA), IEEE 802.11 (Wi 
Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM, 
etc. UTRA and E-UTRA are part of Universal Mobile Tele 
communication System (UMTS). 3GPP Long Term Evolu 
tion (LTE) and LTE-Advanced (LTE-A) are new releases of 
UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE, 
LTE-A, and GSM are described in documents from an orga 
nization named "3rd Generation Partnership Project’ 
(3GPP). CDMA2000 and UMB are described in documents 
from an organization named "3rd Generation Partnership 
Project 2 (3GPP2). The techniques described herein may be 
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used for the systems and radio technologies mentioned above, 
as well as for other systems and radio technologies. 
0213. The various operations of methods described above 
may be performed by any Suitable means capable of perform 
ing the corresponding functions. The means may include 
various hardware and/or software component(s) and/or mod 
ule(s), including, but not limited to a circuit, an application 
specific integrate circuit (ASIC), or processor. 
0214. The various illustrative logical blocks, modules, and 
circuits described may be implemented or performed with a 
general purpose processor, a digital signal processor (DSP), 
an ASIC, a field programmable gate array signal (FPGA), or 
other programmable logic device (PLD), discrete gate, or 
transistor logic, discrete hardware components, or any com 
bination thereof designed to perform the functions described 
herein. A general purpose processor may be a microproces 
Sor, but in the alternative, the processor may be any commer 
cially available processor, controller, microcontroller, or state 
machine. A processor may also be implemented as a combi 
nation of computing devices, e.g., a combination of a DSP 
and a microprocessor, a plurality of microprocessors, one or 
more microprocessors in conjunction with a DSP core, or any 
other such configuration. 
0215. The steps of a method or algorithm described in 
connection with the present disclosure, may be embodied 
directly in hardware, in a software module executed by a 
processor, or in a combination of the two. A Software module 
may reside in any form of tangible storage medium. Some 
examples of storage media that may be used include random 
access memory (RAM), read only memory (ROM), flash 
memory, EPROM memory, EEPROM memory, registers, a 
hard disk, a removable disk, a CD-ROM and so forth. A 
storage medium may be coupled to a processor Such that the 
processor can read information from, and write information 
to, the storage medium. In the alternative, the storage medium 
may be integral to the processor. A Software module may be a 
single instruction, or many instructions, and may be distrib 
uted over several different code segments, among different 
programs, and across multiple storage media. 
0216. The methods disclosed herein comprise one or more 
actions for achieving the described method. The method and/ 
or actions may be interchanged with one another without 
departing from the scope of the claims. In other words, unless 
a specific order of actions is specified, the order and/or use of 
specific actions may be modified without departing from the 
Scope of the claims. 
0217. The functions described may be implemented in 
hardware, software, firmware, or any combination thereof If 
implemented in Software, the functions may be stored as one 
or more instructions on a tangible computer-readable 
medium. A storage medium may be any available tangible 
medium that can be accessed by a computer. By way of 
example, and not limitation, such computer-readable media 
can comprise RAM, ROM, EEPROM, CD-ROM, or other 
optical disk storage, magnetic disk storage, or other magnetic 
storage devices, or any other tangible medium that can be 
used to carry or store desired program code in the form of 
instructions or data structures and that can be accessed by a 
computer. Disk and disc, as used herein, include compact disc 
(CD), laser disc, optical disc, digital versatile disc (DVD), 
floppy disk, and Blu-ray(R) disc where disks usually reproduce 
data magnetically, while discs reproduce data optically with 
lasers. 
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0218. Thus, a computer program product may perform 
operations presented herein. For example, such a computer 
program product may be a computer readable tangible 
medium having instructions tangibly stored (and/or encoded) 
thereon, the instructions being executable by one or more 
processors to perform the operations described herein. The 
computer program product may include packaging material. 
0219 Software or instructions may also be transmitted 
over a transmission medium. For example, Software may be 
transmitted from a website, server, or other remote source 
using a transmission medium such as a coaxial cable, fiber 
optic cable, twisted pair, digital subscriber line (DSL), or 
wireless technology Such as infrared, radio, or microwave. 
0220. Further, modules and/or other appropriate means for 
performing the methods and techniques described herein can 
be downloaded and/or otherwise obtained by a user terminal 
and/or base station as applicable. For example, such a device 
can be coupled to a server to facilitate the transfer of means 
for performing the methods described herein. Alternatively, 
various methods described herein can be provided via storage 
means (e.g., RAM, ROM, a physical storage medium such as 
a CD or floppy disk, etc.). Such that a user terminal and/or 
base station can obtain the various methods upon coupling or 
providing the storage means to the device. Moreover, any 
other suitable technique for providing the methods and tech 
niques described herein to a device can be utilized. 
0221. Other examples and implementations are within the 
Scope and spirit of the disclosure and appended claims. For 
example, due to the nature of software, functions described 
above can be implemented using software executed by a 
processor, hardware, firmware, hardwiring, or combinations 
of any of these. Features implementing functions may also be 
physically located at various positions, including being dis 
tributed such that portions of functions are implemented at 
different physical locations. Also, as used herein, including in 
the claims, “oras used in a list of items prefaced by “at least 
one of indicates a disjunctive list Such that, for example, a list 
of “at least one of A, B, or C' means A or B or C or AB or AC 
or BC or ABC (i.e., A and B and C). Further, the term “exem 
plary” does not mean that the described example is preferred 
or better than other examples. 
0222 Various changes, Substitutions, and alterations to 
the techniques described herein can be made without depart 
ing from the technology of the teachings as defined by the 
appended claims. Moreover, the scope of the disclosure and 
claims is not limited to the particular aspects of the process, 
machine, manufacture, composition of matter, means, meth 
ods, and actions described above. Processes, machines, 
manufacture, compositions of matter, means, methods, or 
actions, presently existing or later to be developed, that per 
form substantially the same function or achieve substantially 
the same result as the corresponding aspects described herein 
may be utilized. Accordingly, the appended claims include 
within their scope Such processes, machines, manufacture, 
compositions of matter, means, methods, or actions. 

1. A method for macrocell-to-femtocell hand-in compris 
ing: 

detecting a user equipment in proximity to a femtocell 
using an out-of-band (OOB) communications link: 

identifying a user equipment identifier corresponding to 
the user equipment detected in proximity to the femto 
cell using the OOB communications link; and 

registering the user equipment for hand-in from a macro 
cell to the femtocell by communicating, from the fem 
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tocell to a femtocell gateway, the user equipment iden 
tifier and indicating OOB proximity detection of the user 
equipment at the femtocell. 

2. The method of claim 1, wherein identifying the user 
equipment identifier comprises receiving an OOB identifier 
associated with the user equipment identifier over the OOB 
communications link. 

3. The method of claim 1, wherein identifying the user 
equipment identifier comprises receiving a macro identifier 
associated with the user equipment identifier over the OOB 
communications link. 

4. The method of claim 1, wherein registering the user 
equipment for hand-in from the macrocell to the femtocell 
comprises transmitting a registration message from the fem 
tocell to the femtocell gateway. 

5. The method of claim 1, wherein registering the user 
equipment for hand-in from the macrocell to the femtocell 
comprises transmitting an OOB indication message from the 
femtocell to the femtocell gateway. 

6. The method of claim 2, further comprising: 
utilizing a user equipment mapping between a macro iden 

tifier of the user equipment with the OOB identifier to 
determine the user equipment identifier. 

7. The method of claim 2, wherein detecting the user equip 
ment in proximity to the femtocell comprises: 

paging the user equipment over the OOB communications 
link; and 

detecting a response to the paging from the user equipment 
over the OOB communications link, wherein the 
response comprises the OOB identifier of the user equip 
ment. 

8. The method of claim 1, further comprising: 
receiving a handover request for the user equipment at the 

femtocell from the femtocell gateway, the handover 
request being configured to direct the user equipment to 
hand off active communications with the macro network 
from the macrocell to the femtocell. 

9. The method of claim 8, wherein the handover request is 
received Subsequent to registering the user equipment for 
hand-in from the macrocell to the femtocell. 

10. The method of claim 8, wherein: 
the handover request is received prior to registering the 

user equipment for hand-in from the macrocell to the 
femtocell; and 

detecting the user equipment comprises detecting the user 
equipment in response to receiving the handover 
request. 

11. The method of claim 10, wherein detecting the user 
equipment in response to receiving the handover request 
comprises: 

detecting the user equipment over the OOB communica 
tions link utilizing an OOB identifier of the user equip 
ment. 

12. The method of claim 1, further comprising: 
detecting a loss of the OOB communications link between 

the user equipment and the femtocell; and 
de-registering the user equipment according to detecting 

the loss of the OOB communications link. 
13. The method of claim 10, wherein registering the user 

equipment further comprises transmitting a handover 
response accepting the handover request. 

14. The method of claim 1, wherein the femtocell is one of 
a plurality of femtocells on a macro network, each femtocell 
having a first femtocell identifier according to which the 



US 2012/0094666 A1 

femtocell is non-uniquely addressable by the macro network 
and a second femtocell identifier according to which the 
femtocell is uniquely addressable by the femtocell gateway. 

15. The method of claim 1, wherein the OOB communica 
tions link comprises a Bluetooth link. 

16. The method of claim 14, wherein the first femtocell 
identifier of each respective femtocell comprises a primary 
scrambling code (PSC) of the respective femtocell. 

17. The method of claim 1, wherein the user equipment 
identifier comprises a macro identifier associated with the 
user equipment. 

18. The method of claim 17, wherein the macro identifier 
comprises a International Mobile Subscriber Identity (IMSI) 
associated with the user equipment. 

19. A femtocell comprising: 
an in-band frequency module, communicatively coupled 

with a macro network via a femtocell gateway and con 
figured to provide cellular network access to user equip 
ments; 

an out-of-band (OOB) frequency module, communica 
tively coupled with the in-band frequency module and 
configured to communicate with the user equipments 
over an OOB communications link; and 

a communications management Subsystem, communica 
tively coupled with the in-band frequency module and 
the OOB frequency module, and configured to: 
detect a user equipment in proximity to the femtocell 

using an out-of-band (OOB) communications link: 
identify a user equipment identifier corresponding to the 

user equipment 
detected in proximity to the femtocell using the OOB 

communications link; and 
register the user equipment for hand-in from a macrocell 

to the femtocell by communicating, from the femto 
cell to a femtocell gateway, the user equipment iden 
tifier and indicating OOB proximity detection of the 
user equipment at the femtocell. 

20. The femtocell of claim 19, wherein the communica 
tions management Subsystem configured to identify the user 
equipment identifier comprises a configuration to receive a 
macro identifier associated with the user equipment identifier 
over the OOB communications link. 

21. The femtocell of claim 19, wherein the communica 
tions management Subsystem configured to identify the user 
equipment identifier comprises a configuration to receive an 
OOB identifier associated with the user equipment identifier 
over the OOB communications link. 

22. The femtocell of claim 19, wherein the communica 
tions management Subsystem configured to register the user 
equipment comprises a configuration to transmit a registra 
tion message from the femtocell to the femtocell gateway. 

23. The femtocell of claim 19, wherein the communica 
tions management Subsystem configured to register the user 
equipment comprises a configuration to transmit an OOB 
indication message from the femtocell to the femtocell gate 
way. 

24. The femtocell of claim 21, wherein the communica 
tions management Subsystem is further configured to: 

utilize a user equipment mapping between a macro identi 
fier of the user equipment with the OOB identifier to 
determine the user equipment identifier. 
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25. The femtocell of claim 20, wherein the communica 
tions management Subsystem configured to detect the user 
equipment in proximity to the femtocell is further configured 
tO: 

page the user equipment over the OOB communications 
link; and 

detect a response to the paging from the user equipment 
over the OOB communications link, wherein the 
response comprises the macro identifier of the user 
equipment. 

26. The femtocell of claim 19, wherein the communica 
tions management Subsystem is further configured to: 

receive a handover request for the user equipment at the 
femtocell from the femtocell gateway, the handover 
request being configured to direct the user equipment to 
hand off active communications with the macro network 
from the macrocell to the femtocell. 

27. The femtocell of claim 26, wherein the handover 
request is received Subsequent to registering the user equip 
ment for hand-in from the macrocell to the femtocell. 

28. The femtocell of claim 26, wherein: 
the handover request is received prior to registering the 

user equipment for hand-in from the macrocell to the 
femtocell; and 

the communications management Subsystem configured to 
detect the user equipment comprises detecting the user 
equipment in response to receiving the handover 
request. 

29. The femtocell of claim 28, wherein the communica 
tions management Subsystem configured to detect the user 
equipment in response to receiving the handover request 
comprises a configuration to: 

detect the user equipment over the OOB communications 
link utilizing an OOB identifier of the user equipment. 

30. The femtocell of claim 19, wherein the communica 
tions management Subsystem is further configured to: 

detect a loss of the OOB communications link between the 
user equipment and the femtocell; and 

de-register the user equipment according to detecting the 
loss of the OOB communications link. 

31. The femtocell of claim 28, wherein the communica 
tions management Subsystem is further configured to: 

transmit a handover response accepting the handover 
request as part of registering the user equipment. 

32. The femtocell of claim 19, wherein the femtocell is one 
of a plurality of femtocells on a cellular network, each fem 
tocell having a first femtocell identifier according to which 
the femtocell is non-uniquely addressable by the macro net 
work and a second femtocell identifier according to which the 
femtocell is uniquely addressable by the femto gateway. 

33. A processor for macrocell-to-femtocell hand-in, the 
processor comprising: 

a communications management controller configured to: 
detect a user equipment in proximity to the femtocell 

using an out-of-band (OOB) communications link: 
identify a user equipment identifier corresponding to the 

user equipment detected in proximity to the femtocell 
using the OOB communications link; and 

register the user equipment for hand-in from a macrocell 
to the femtocell by communicating, from the femto 
cell to a femtocell gateway, the user equipment iden 
tifier and indicating OOB proximity detection of the 
user equipment at the femtocell. 
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34. A computer program product for macrocell-to-femto 
cell hand-in residing on a processor-readable medium and 
comprising processor-readable instructions, which, when 
executed, cause a processor to perform steps comprising: 

detecting a user equipment in proximity to a femtocell 
using an out-of-band (OOB) communications link: 

identifying a user equipment identifier corresponding to 
the user equipment detected in proximity to the femto 
cell using the OOB communications link; and 

registering the user equipment for hand-in from a macro 
cell to the femtocell by communicating, from the fem 
tocell to a femtocell gateway, the user equipment iden 
tifier and indicating OOB proximity detection of the user 
equipment at the femtocell. 

35. A system for macrocell-to-femtocell hand-in compris 
ing: 

means for detecting a user equipment in proximity to the 
femtocell using an out-of-band (OOB) communications 
link; 

means for identifying a user equipment identifier corre 
sponding to the user equipment detected in proximity to 
the femtocell using the OOB communications link; and 

means for registering the user equipment for hand-in from 
a macrocell to the femtocell by communicating, from the 
femtocell to a femtocell gateway, the user equipment 
identifier and indicating OOB proximity detection of the 
user equipment at the femtocell. 

36. A method for macrocell-to-femtocell hand-in, the 
method comprising: 

receiving, at a femtocell gateway from a macro network, a 
handover request configured to direct a user equipment 
to hand off active communications with the macro net 
work from a macrocell to a designated femtocell with a 
first femtocell identifier; 

determining, at the femtocell gateway, whether any of a 
plurality of femtocells registered the user equipment 
with the femtocell gateway prior to receiving the han 
dover request; and 

communicating, from the femtocell gateway, the handover 
request to the designated femtocell. 

37. The method of claim 36, wherein determining, at the 
femtocell gateway, whether any of the plurality of femtocells 
registered the user equipment with the femtocell gateway 
prior to receiving the handover request comprises: 

determining a registering femtocell from the plurality of 
femtocells that has registered the user equipment prior to 
receiving the handover request; and 

determining that the registering femtocell is the designated 
femtocell with the first femtocell identifier. 

38. The method of claim 37, further comprising: 
receiving an acknowledgement message from the register 

ing femtocell. 
39. The method of claim 36, wherein determining, at the 

femtocell gateway, whether any of the plurality of femtocells 
registered the user equipment with the femtocell gateway 
prior to receiving the relocation request comprises: 

determining that none of the plurality of femtocells regis 
tered the user equipment prior to receiving the handover 
request. 

40. The method of claim 39, further comprising: 
determining a set of candidate femtocells from the plurality 

of femtocells registered at the femto gateway, wherein 
the set of candidate femtocells is identified by at least the 
first femtocell identifier; 
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directing each of the set of candidate femtocells to detect 
whether the user equipment is in its proximity; 

receiving an indication from a Successful femtocell of the 
candidate femtocells that the user equipment is in its 
proximity; and 

determining that the Successful femtocell is the designated 
femtocell. 

41. The method of claim 40, further comprising: 
monitoring an elapsed time Subsequent to directing the set 

of candidate femtocells to detect whether the user equip 
ment is in its proximity; and 

determining whether the indication from one of the candi 
date femtocells that the user equipment is in its proxim 
ity is received while the elapsed time is within a pre 
defined time limit. 

42. The method of claim 36, wherein determining, at the 
femtocell gateway, whether any of the plurality of femtocells 
registered the user equipment prior to receiving the handover 
request comprises: 

determining whether an OOB proximity detection is 
received from any of the plurality of femtocells prior to 
receiving the handover request, wherein the OOB prox 
imity indication comprises a macro identifier of the user 
equipment. 

43. The method of claim 36, wherein determining, at the 
femtocell gateway, whether any of the plurality of femtocells 
registered the user equipment prior to receiving the handover 
request comprises: 

determining whether an OOB proximity indication is 
received from any of the plurality of femtocells prior to 
receiving the handover request, wherein the OOB prox 
imity indication comprises an OOB identifier of the user 
equipment; and 

determining a macro identifier of the user equipment cor 
responding to the OOB identifier of the user equipment. 

44. The method of claim 36, further comprising: 
determining whether the designated femtocell is uniquely 

addressable by the femtocell gateway according to the 
first femtocell identifier; and 

wherein communicating, from the femtocell gateway, the 
handover request to designated femtocell utilizes the 
first femtocell identifier. 

45. The method of claim 36, wherein determining, at the 
femtocell gateway, whether any of the plurality of femtocells 
registered the user equipment prior to receiving the handover 
request comprises: 

determining whether two or more femtocells of the plural 
ity of femtocells are addressable by the femtocell gate 
way according to the first femtocell identifier; and 

determining whether the designated femtocell is one of the 
two or more femtocells addressable according to the first 
femtocell identifier utilizing a second femtocell identi 
fier. 

46. The method of claim 39, further comprising: 
determining a set of candidate femtocells from the plurality 

of femtocells; and 
directing, using an OOB hand-in cause value in the han 

dover request, each of the set of candidate femtocells to 
detect whether the user equipment is in its proximity. 

47. The method of claim 46, further comprising: 
receiving an OOB accept message from one of the candi 

date femtocells, wherein the OOB accept message indi 
cates that the one of the candidate femtocells detects the 
user equipment in its proximity; and 
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identifying one of the candidate cells associated with the 
OOB accept message as the designated femtocell. 

48. The method of claim 46, further comprising: 
receiving at least an OOB reject message from one or more 

of the candidate femtocells or an error indication mes 
Sage from one or more of the candidate femtocells and 
no OOB accept messages; and 

transmitting to each of the candidate femtocells a handover 
request with a normal cause value. 

49. The method of claim 48, further comprising: 
receiving at least a blind accept or a blind reject from one or 

more of the candidate femtocells; and 
identifying one of the candidate femtocells associated with 

a blind accept as the designated femtocell. 
50. A femtocell gateway comprising: 
a macro network interface Subsystem configured to com 

municate with a core node of a macro network and 
configured to receive communications from the macro 
network; 

a femtocell interface Subsystem configured to communi 
cate with a plurality of femtocells; and 

a communications management Subsystem, communica 
tively coupled with the macro network interface sub 
system and the femtocell interface Subsystem, and con 
figured to: 
receive, from the macro network, a handover request 

configured to direct a user equipment to hand off 
active communications with the macro network from 
a macrocell to a designated femtocell with a first 
femtocell identifier; 

determine whether any of the plurality of femtocells 
registered the user equipment with the femtocell gate 
way prior to receiving the handover request; and 

communicate the handover request to designated fem 
tocell. 

51. The femtocell gateway of claim 50, wherein to deter 
mine whether any of the plurality of femtocells registered the 
user equipment with the femtocell gateway prior to receiving 
the handover request, the communications management Sub 
system is configured to: 

determine a registering femtocell from the plurality of 
femtocells that has registered the user equipment prior to 
receiving the handover request; and 

determine that the registering femtocell is the designated 
femtocell with the first femtocell identifier. 

52. The femtocell gateway of claim 51, wherein the com 
munications management Subsystem is further configured to: 

receive an acknowledgement message from the registering 
femtocell. 

53. The femtocell gateway of claim 50, wherein to deter 
mine whether any of the plurality of femtocells registered the 
user equipment with the femtocell gateway prior to receiving 
the handover request, the communications management Sub 
system is configured to: 

determine that none of the plurality of femtocells regis 
tered the user equipment prior to receiving the handover 
request. 

54. The femtocell gateway of claim 53, wherein the com 
munications management Subsystem is further configured to: 

determine a set of candidate femtocells from the plurality 
of femtocells, wherein the candidate femtocells are 
identified by at least the first femtocell identifier; 

direct each of the candidate femtocells to detect whether 
the user equipment is in its proximity; 
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receive an indication from a successful femtocell of the 
candidate femtocells that the user equipment is in its 
proximity; and 

determine that the successful femtocell is the designated 
femtocell. 

55. The femtocell gateway of claim 54, wherein the com 
munications management Subsystem is further configured to: 

monitor an elapsed time Subsequent to directing the set of 
candidate femtocells to detect whether the user equip 
ment is in its proximity; and 

determine whether the indication from one of the candidate 
femtocells that the user equipment is in its proximity is 
received while the elapsed time is within a predefined 
time limit. 

56. The femtocell gateway of claim 50, wherein to deter 
mine whether any of the plurality of femtocells registered the 
user equipment with the femtocell gateway prior to receiving 
the handover request, the communications management Sub 
system is further configured to: 

determine whether an OOB proximity indication is 
received from any of the plurality of femtocells prior to 
receiving the handover request, wherein the OOB prox 
imity indication comprises a macro identifier of the user 
equipment. 

57. The femtocell gateway of claim 50, wherein to deter 
mine whether any of the plurality of femtocells registered the 
user equipment with the femtocell gateway prior to receiving 
the handover request, the communications management Sub 
system is further configured to: 

determine whetheran OOB proximity detection is received 
from any of the plurality of femtocells prior to receiving 
the handover request, wherein the OOB proximity indi 
cation comprises an OOB identifier of the user equip 
ment; and 

determine a macro identifier of the user equipment corre 
sponding to the OOB identifier of the user equipment. 

58. The femtocell gateway of claim 50, wherein the com 
munications management Subsystem is further configured to: 

determine whether the designated femtocell is uniquely 
addressable by the femtocell gateway according to the 
first femtocell identifier; and 

wherein communicating the handover request to desig 
nated femtocell utilizes the first femtocell identifier. 

59. The femtocell gateway of claim 50, wherein the com 
munications management Subsystem configured to determine 
whether any of the plurality of femtocells registered the user 
equipment prior to receiving the handover request comprises 
a configuration to: 

determine whether two or more femtocells of the plurality 
of femtocells are addressable by the femtocell gateway 
according to the first femtocell identifier; and 

determine whether the designated femtocell is one of the 
two or more femtocells addressable according to the first 
femtocell identifier utilizing a second femtocell identi 
fier. 

60. The femtocell gateway of claim 53, wherein the com 
munications management Subsystem is further configured to: 

determine a set of candidate femtocells from the plurality 
of femtocells; and 

direct, using an OOB hand-in cause value in the handover 
request, each of the candidate femtocells to detect 
whether the user equipment is in its proximity. 
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61. The femtocell gateway of claim 60, wherein the com 
munications management Subsystem is further configured to: 

receive an OOB accept message from one of the candidate 
femtocells, wherein the OOB accept message indicates 
that the one of the candidate femtocells detects the user 
equipment in its proximity; and 

identify the one of the candidate cells as the designated 
femtocell. 

62. The femtocell gateway of claim 60, wherein the com 
munications management Subsystem is further configured to: 

receive at least an OOB reject message from one or more of 
the candidate femtocells or an error indication message 
from one or more of the candidate femtocells and no 
OOB accept messages; and 

transmit to each of the candidate femtocells a handover 
request with a normal cause value. 

63. The femtocell gateway of claim 62, wherein the com 
munications management Subsystem is further configured to: 

receive at least a blind accept or a blind reject from one or 
more of the candidate femtocells; and 

identify one of the candidate femtocells associated with a 
blind accept as the designated femtocell. 

64. A processor for macrocell-to-femtocell hand-in in a 
femtocell gateway, the processor comprising: 

a communications management controller configured to: 
receive, from the macro network, a handover request 

configured to direct a user equipment to hand off 
active communications with the macro network from 
a macrocell to a designated femtocell with a first 
femtocell identifier; 

determine whether any of a plurality of femtocells reg 
istered the user equipment with the femtocellgateway 
prior to receiving the handover request; and 
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communicate the handover request to the designated 
femtocell. 

65. A computer program product for macrocell-to-femto 
cell hand-in residing on a processor-readable medium dis 
posed at a femtocell gateway and comprising processor-read 
able instructions, which, when executed, cause a processor to 
perform steps comprising: 

receiving, from a macro network, a handover request con 
figured to direct a user equipment to hand off active 
communications with the macro network from a macro 
cell to a designated femtocell with a first femtocell iden 
tifier; 

determining whether any of a plurality of femtocells reg 
istered the user equipment with the femtocell gateway 
prior to receiving the handover request; and 

communicating the handover request to the designated 
femtocell. 

66. A system for macrocell-to-femtocell hand-in compris 
ing: 
means for receiving, from a macro network, a handover 

request configured to direct a user equipment to hand off 
active communications with the macro network from a 
macrocell to a designated femtocell with a first femtocell 
identifier; 

means for determining whether any of a plurality of fem 
tocells registered the user equipment with the femtocell 
gateway prior to receiving the handover request; and 

means for communicating the handover request to the des 
ignated femtocell. 


