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AUTONOMOUS DOWNLINK CODE SELECTION FOR FEMTOQ CELLS

Claim of Priority under 35 U.S.C. §119

This application claims the benefit of and priority to commonly owned U.S.
Provisional Patent Application No. 61/052,911, filed May 13, 2008, and assigned
Attorney Docket No. 081591P1, and U.S. Provisional Patent Application No.
61/077,534, filed July 2, 2008, and assigned Attorney Docket No. 081591P2, the

disclosure of each of which is hereby incorporated by reference herein,

BACKGROUND
Field
This application relates generally to wireless communication and more

specifically, but not exclusively, to improving communication performance.

Background

Wireless communication systems are widely deployed to provide various types
of communication (e.g., voice, data, multimedia services, etc.) to multiple users. As the
demand for high-rate and multimedia data services rapidly grows, there lies a challenge
to implement cfficient and robust communication systems with cnhanced performance.

To supplement the base stations of a conventional mobile phone network (e.g., a
macro cellular network), small-coverage base stations may be deployed, for example, in
a user's home. Such small-coverage base stations are generally known as access point
base stations, home NodeBs, or femto cells and may be used to provide more robust
indoor wireless coverage to mobile units. Typically, such small-coverage base stations
are connected to the Internet and the mobile operator's network via a Digital Subscriber
Line (DSL) router or a cable modem.

In a typical macro cellular deployment the RF coverage is planned and managed
by cellular network operators to optimize coverage between macro base stations. Femto
base stations, on the other hand, may be instalied by the subscriber personally and
deployed in an ad-hoc manner. Consequently, femto cells may cause interference both
on the uplink (UL) and downlink (DL) of the macro cells. For example, a femto base
station installed near a window of a residence may cause significant downlink

interference to any access terminals outside the house that are not served by the femto
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cell. Also, on the uplink, home access terminals that are served by a femto cell may
cause interference at a macro cell base station (e.g., macro NodeB).

Femto cells also may interfere with one another and macrocells as a result of
unplanned deployment. For example, in a multi-resident apartment, a femto base station
installed near a wall separating two residences may cause significant interference to a
femto base station in a neighboring residence. Here, the strongest femto base station
seen by a home access terminal (e.g., strongest in terms of RF signal strength received at
the access terminal) may not necessarily be the serving base station for the access
terminal due to a restricted agsociation p

Thus, interference issues may arise in 2 communication system where radio
frequency (RF) coverage of femto base stations is not optimized by the mobile operator
and where deployment of such base stations is ad-hoc. Consequently, there is a need for

improved interference management for wireless networks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified diagram of several sample aspects of a communication
system including macro coverage and smaller scale coverage.

FIG. 2 is another representation of the wireless communication system
configured to support a number of users, in which various disclosed embodiments and
aspects may be implemented.

FIG. 3 is a simplified diagram illustrating coverage areas for wireless
communication.

FIG. 4 is a simplified diagram of several sample aspects of a communication
system including neighboring femto cells.

FIG. 5 is a simplified diagram of a wireless communication system including
femto nodes.

FIG. 6 depicts several sample components that may be employed to facilitate
communication between nodes.

FIG. 7 is a simplified block diagram of several sample aspects of an access node
supporting autonomous downlink code selection in femto cells.

FIG. 8 is a simplified block diagram of a wireless communication system for
autonomous downlink code selection in femto cells.

FIG. 9 is a simplified flow diagram of a downlink code selection process.
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FIG. 10 is a simplified block diagram of several sample aspects of apparatuses
configured for autonomously selecting a downlink code for a femto node as taught
herein.

In accordance with common practice the various features illustrated in the
drawings may not be drawn to scale. Accordingly, the dimensions of the various
features may be arbitrarily expanded or reduced for clarity. In addition, some of the
drawings may be simplified for clarity. Thus, the drawings may not depict all of the
components of a given apparatus {e.g., device) or method. In addition, like reference

numerals may be used to denote like features throughout the specification and

DETAILED DESCRIPTION

The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments.

The detailed description set forth below in connection with the appended
drawings is intended as a description of exemplary embodiments of the present
invention and is not intended to represent the only embodiments in which the present
invention can be practiced. The term "exemplary" used throughout this description
means "serving as an example, instance, or illustration," and should not necessarily be
construed as preferred or advantageous over other cxemplary embodiments.  The
detailed description includes specific details for the purpose of providing a thorough
understanding of the exemplary embodiments of the invention. It will be apparent to
those skilled in the art that the exemplary embodiments of the invention may be
practiced without these specific details. In some instances, well-known structures and
devices are shown in block diagram form in order to avoid obscuring the novelty of the
exemplary embodiments presented herein.

Various embodiments of the disclosure are described below, Tt should be
apparent that the teachings herein may be embodied in a wide variety of forms and that
any specific structure, function, or both being disclosed herein is merely representative,
Based on the teachings herein one skilled in the art should appreciate that an
embodiment disclosed herein may be implemented independently of any other
embodiments and that two or more of these embodiments may be combined in various
ways. For example, an apparatus may be implemented, or a method may be practiced,

using any number of the embodiments set forth herein. In addition, such an apparatus
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may be implemented, or such a method may be practiced, using other structure,
functionality, or structure and functionality in addition to or other than one or more of
the embodiments set forth herein.

The teachings herein may be incorporated into various types of communication
systems and/or system components. In some aspects, the teachings herein may be
employed in a multiple-access system capable of supporting communication with
multiple users by sharing the available system resources (e.g., by specifying one or more

of bandwidth, transmit power, coding, interleaving, and so on). For example, the

teachings herein may be applied to any one or combinat
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f the following
technologies: Code Division Multiple Access (CDMA) systems, Multiple-Carrier
CDMA (MCCDMA), Wideband CDMA (W-CDMA), High-Speed Packet Access
(HSPA, HSPA+) systems, High-Speed Downlink Packet Access (HSDPA) systems,
Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, Single-Carrier FDMA (SC-FDMA) systems, Orthogonal Frequency
Division Multiple Access (OFDMA) systems, or other multiple access techniques. A
wireless communication system employing the teachings herein may be designed to
implement one or more standards, such as IS-95, ¢dma2000, 1S-856, W-CDMA,
TDSCDMA, and other standards. A CDMA network may implement a radio technology
such as Universal Terrestrial Radio Access (UTRA), ¢dma2000, or some other
technology. UTRA includes W-CDMA and Low Chip Ratc (LCR). The ¢dma2000
technology covers IS-2000, IS-95 and IS-856 standards. A TDMA network may
implement a radio technology such as Global System for Mobile Communications
(GSM). An OFDMA network may implement a radio technology such as Evolved
UTRA (E-UTRA), IEEE 802.11, IEEE 802.16, IEEE 802.20, Flash-OFDM®, etc.
UTRA, E-UTRA, and GSM are part of Universal Mobile Telecommunication System
(UMTS). The teachings herein may be implemented in a 3GPP Long Term Evolution
(LTE) system, an Ultra-Mobile Broadband (UMB) system, and other types of systems.
LTE is a release of UMTS that uses E-UTRA.,

Although certain embodiments of the disclosure may be described using 3GPP
terminology, it is to be understood that the teachings herein may be applied to 3GPP
(Re199, RelS5, Rel6, Rel7) technology, as well as 3GPP2 (IXRTT, IxEV-DO RelO,
RevA, RevB) technology and other technologies.

FIG. 1 illustrates a network system 100 that includes macro scale coverage (e.g.,

a large area cellular network such as a 3G network, which may be commonly referred to
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as a macro cell network) and smaller scale coverage (e.g., a residence-based or building-
based network environment). As a node such as access terminal 102A moves through
the network, the access terminal 102A may be served in certain locations by macro
access nodes 104 (also referred to herein as macro nodes) that provide macro coverage
as represented by a macro coverage area 106 while the access terminal 102A may be
served at other locations by small scale access nodes 108 (also referred to herein as
small scale nodes) that provide smaller scale coverage as represented by the small scale

coverage area 110. In some aspects, the small scale nodes 108 may be used to provide

mcremental canacity growth
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different services {c.g., a
more robust user experience).

As will be discussed in more detail below, the small scal3 access node 108 may
be restricted in that it may not provide certain services to certain nodes (e.g., an indoor
access terminal 102B). As a result, a coverage hole may be created in the macro
coverage area 106,

The size of the coverage hole may depend on whether the macro access node 104
and the small scale node 108 are operating on the same frequency carrier. For example,
when the nodes 104 and 108 are on a co-channel (e.g., using the same frequency
carrier), the coverage hole may correspond closely to the small scale coverage area 110.
Thus, in this case the access terminal 102A may lose macro coverage when it is within
the small scale coverage arca 110 (c.g., as indicated by the phantom vicw of the access
terminal 102B).

A small scale node 108 may be, for example, a femto node or a pico node. A
femto node may be an access node that has a limited coverage area, such as for example
a home or apartment. A nodc that provides coverage over an arca that is smaller than a
macro area and larger than a femto area may be referred to as a pico node (e.g.,
providing coverage within a commercial building). It should be appreciated that the
teachings herein may be implemented with various types of nodes and systems. For
example, a pico node or some other type of node may provide the same or similar
functionality as a femto node for a different (e.g., larger) coverage area. Thus, as
discussed more fully below, like a femto node, a pico node may be restricted, a pico
node may be associated with one or more home access terminals, and so on.

When the nodes 104 and 108 are on adjacent channels (e.g., using different
frequency carriers), a smaller coverage hole 112 may be created in the macro coverage

area 104 as a result of adjacent channel interference from the small scale node 108.
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Thus, when the access terminal 102A is operating on an adjacent channel, the access
terminal 102A may receive macro coverage at a location that is closer to the small scale
node 108 (e.g., just outside the smaller coverage hole 112).

Depending on system design parameters, the co-channel coverage hole may be
relatively large. For example, when the transmit power of the smali scale node 108 is 0
dBm, the radius for which the interference of the small scale node 108 is at least the
same as the thermal noise floor may be on the order of 40 meters, assuming free space

propagation loss and a worst case where there is no wall separation between the small

A tradeoff thus exists between minimizing the outage in the macro coverage area
106 while maintaining adequate coverage within a designated smaller scale environment
(e.g., femto node 108 coverage inside a home). For example, when a restricted femto
node 108 is at the edge of the macro coverage area 106, as a visiting access terminal
approaches the femto node 108, the visiting access terminal is likely to lose macro
coverage and drop the call. In such a case, one solution for the macro cellular network
would be to move the visitor access terminal to another carrier (e.g., where the adjacent
channel interference from the femto node is small). Due to limited spectrum available to
each operator, however, the use of separate carrier frequencies may not always be
practical. Consequently, a visitor access terminal associated with that other operator
may suffer from the coverage hole created by the restricted femto node 108 on that
carrier.

FIG. 2 illustrates another representation of the wireless communication system
100 configured to support a number of users, in which various disclosed embodiments
and aspects may be implemented. As shown in FIG. 1B, by way of cxample, wireless
communication system 100 provides communication for multiple cells 120, such as, for
example, macro cells 102A-102G, with each cell being serviced by a corresponding
access point (AP) 104 (such as APs 104A-104G). Each cell may be further divided into
one or more sectors. Various access terminals (ATs) 102 (e.g., ATs 102A-102K) also
known interchangeably as user equipment (UE), are dispersed throughout the system.
Each AT 102 may communicate with one or more APs 104 on a forward link (FL)
and/or a reverse link (RL) at a given moment, depending upon whether the AT is active
and whether it is in soft handoff, for example. The wireless communication system 100
may provide service over a large geographic region, for example, macro cells 102A-

102G may cover a few blocks in a neighborhood.
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In various applications, other terminology may be used to reference a macro
node 104, a femto node 108, or a pico node. For example, a macro node 104 may be
configured or referred to as an access node, base station, access point, eNodeB, macro
cell, macro NodeB (MNB), and so on. Also, a femto node 108 may be configured or
referred to as a home NodeB (HNB), home eNodeB, access point base station, femto
cell, and so on. Also, a cell associated with a macro node, a femto node, or a pico node
may be referred to as a macro cell, a femto cell, or a pico cell, respectively.

As mentioned above, a femto node 108 may be restricted in some aspects. For

NQ may
v @

@
2,

terminals 106. Thus, in deployments with so-called restricted (or closed) association, a
given access terminal 106 may be served by the macro cell mobile network and a limited
set of femto nodes 108 (e.g., femto nodes that reside within a corresponding user
residence).

The restricted provisioned set of access terminals 106 associated with a restricted
femto node 108 (which may also be referred to as a Closed Subscriber Group Home
NodeB) may be temporarily or permanently extended as necessary. In some aspects, a
Closed Subscriber Group (CSG) may be defined as the set of access nodes (e.g., femto
nodes) that share a common access control list of access terminals. In some
implementations, all femto nodes (or all restricted femto nodes) in a region may operate
on a designated channel, which may be referred to as the femto channel.

Various relationships may be defined between a restricted femto node and a
given access terminal. For example, from the perspective of an access terminal, an open
femto node may refer to a femto node with no restricted association. A restricted femto
node may refer to a femto node that is restricted in some manner (e.g., restricted for
association and/or registration). A home femto node may refer to a femto node on
which the access terminal is authorized to access and operate. A guest femto node may
refer to a femto node on which an access terminal is temporarily authorized to access or
operate. An alien femto node may refer to a femto node on which the access terminal is
not authorized to access or operate, except for perhaps emergency situations (e.g., 911
calls).

From the perspective of a restricted femto node, a home access terminal {or
home user equipment, “HUE) may refer to an access terminal that is authorized to
access the restricted femto node. A guest access terminal may refer to an access

terminal with temporary access to the restricted femto node. An alien access terminal
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may refer to an access terminal that does not have permission to access the restricted
femto node, except for perhaps emergency situations such as 911 calls. Thus, in some
aspects an alien access terminal may be defined as one that does not have the credentials
or permission to register with the restricted femto node. An access terminal that is
currently restricted (e.g., denied access) by a restricted femto cell may be referred to
herein as a visitor access terminal. A visitor access terminal may thus correspond to an
alien access terminal when service is not allowed and a guest access terminal when

service is allowed temporarily.

tracking areas 302 (or routing areas or location areas) are defined. Specifically, areas of
coverage associated with tracking areas 302A, 302B, and 302C are delineated by the
wide lines in FIG. 3.

The system provides wireless communication via multiple cells 304 (represented
by the hexagons), such as, for example, macro cells 304A and 304B, with each cell
being serviced by a corresponding access node 306 (e.g., access nodes 306A-306C). As
shown in FIG. 3, access terminals 308 (e.g., access terminals 308A and 308B) may be
dispersed at various locations throughout the network at a given point in time. Each
access terminal 308 may communicate with one or more access nodes 306 on a forward
link (FL) and/or a reverse link (RL) at a given moment, depending upon whether the
access terminal 308 is active and whether it is in soft handoff, for cxample.

The tracking areas 302 also include femto coverage areas 310. In this example,
each of the femto coverage areas 310 (e.g., femto coverage area 310A-310C) is depicted
within a macro coverage area 304 (e.g., macro coverage area 304B). It should be
appreciated, howcever, that a femto coverage arca 310 may not lic cntircly within a
macro coverage area 304. In practice, a large number of femto coverage areas 310 may
be defined with a given tracking area 302 or macro coverage area 304. Also, one or
more pico coverage areas (not shown) may be defined within a given tracking area 302
or macro coverage area 304. To reduce the complexity of FIG. 3, only a few access
nodes 306, access terminals 308, and femto nodes 710 are shown.

FIG. 4 illustrates a network 400 where femto nodes 402 are deployed in an
apartment building. Specifically, a femto node 402A is deployed in apartment 1 and a
femto node 402B is deployed in apartment 2 in this example. The femto node 402A is
the home femto for an access terminal 404A. The femto node 402B is the home femto

for an access terminal 404B.
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As illustrated in FIG. 4, for the case where the femto nodes 402A and 402B are
restricted, each access terminal 404 (e.g., 404A and 404B) may only be served by its
associated (e.g., home) femto node 402. In some cases, however, restricted association
may result in negative geometry situations and outages of femto nodes. For example, in
FIG. 4 the femto node 402A is closer to the access terminal 404B than the femto node
402B and may therefore provide a stronger signal at the access terminal 404B, As a
result, the femto node 402A may unduly interfere with reception at the access terminal
404B. Such a situation may thus affect the coverage radius around the femto node 402B

agsociated access terminal 4D4 mav
associateq access erminal a4

il M 3 Il A a1y

at which 2
connected 1o the system.

FIG. 5 illustrates an exemplary communication system 500 where one or more
femto nodes are deployed within a network environment. Connectivity for a femto node
environment may be established in various ways within this communication system 500.
Specifically, the system 500 includes multiple femto nodes 510 (e.g., femto nodes S10A
and 510B) installed in a relatively small scale network environment (e.g., in one or more
user residences 530). Each femto node 510 may be coupled to a wide area network 540
(e.g., the Internet) and a mobile operator core network 550 via a DSL router, a cable
modem, a wireless link, or other connectivity means (not shown). As discussed herein,
each femto node 510 may be configured to serve associated access terminals 520 (e.g.,
access terminal 520A) and, optionally, other access terminals 520 (c.g., access terminal
520B). In other words, access to femto nodes 510 may be restricted whereby a given
access terminal 520 may be served by a set of designated (e.g., home) femto nodes 510
but may not be served by any non-designated femto nodes 510 (e.g., a neighbor’s femto
nodc 510). Access terminals 520 also may be referred to herein as User Equipment 520
(UEs). Femto nodes 510 also may be referred to herein as Home NodeBs (HNBs).

The owner of a femto node 510 may subscribe to mobile service, such as, for
cxample, 3G mobile service offered through the mobile opcrator core network 550, Tn
addition, an access terminal 520 may be capable of operating both in macro
environments and in smaller scale (e.g., residential) network environments. In other
words, depending on the current location of the access terminal 520, the access terminal
520 may be served by an access node 560 of the macro cell mobile network 550 or by
any one of a set of femto nodes 510 (e.g., the femto nodes 510A and 510B that reside
within a corresponding user residence 530). For example, when a subscriber is outside

his home, he may be served by a standard macro access node (e.g., node 560) and when
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the subscriber is at home, he is served by a femto node (e.g., node 510A). Here, it
should be appreciated that a femto node 510 may be backward compatible with existing
access terminals 520.

In embodiments described herein, the owner of the femto node 510 subscribes to
mobile service, such as, for example, 3G mobile service, offered through the mobile
operator core network 550, and the UE 520 is capable to operate both in macro cellular
environment and in residential small scale network environment.

A home femto node is a base station on which an AT or UE is authorized to

A e

+ £ A £
operate. A gucst iomto node

Cmio NoUC ICICrs 1o a
temporarily authorized to operate on, and an alien femto node is a base station on which
the AT or UE is not authorized to operate.

A femto node 510 may be deployed on a single frequency or, in the alternative,
on multiple frequencies. Depending on the particular configuration, the single
frequency or one or more of the multiple frequencies may overlap with one or more
frequencies used by a macro node (e.g., node 560).

An access terminal 520 may be configured to communicate either with the macro
network 550 or the femto nodes 510, but not both simultaneously. In addition, an access
terminal 520 being served by a femto node 510 may not be in a soft handover state with
the macro network 550.

In some aspccts, an access terminal 520 may be configured to conncct to a
preferred femto node (e.g., the home femto node of the access terminal 520) whenever
such connectivity is possible. For example, whenever the access terminal 520 is within
the user's residence 530, it may be desired that the access terminal 520 communicate
only with the home femto node 510.

In some aspects, if the access terminal 520 operates within the macro celiular
network 550 but is not residing on its most preferred network (e.g., as defined in a
preferred roaming list), the access terminal 520 may continuc to scarch for the most
preferred network (e.g., the preferred femto node 510) using a Better System
Reselection (BSR), which may involve a periodic scanning of available systems to
determine whether better systems are currently available, and subsequent efforts to
associate with such preferred systems. With the acquisition entry, the access terminal
520 may limit the search for specific band and channel. For example, the search for the

most preferred system may be repeated periodically. Upon discovery of a preferred
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femto node 510, the access terminal 520 may select the preferred femto node 510 for
camping within its coverage area.

The teachings herein may be employed in a wireless multiple-access
communication system that simultaneously supports communication for multiple
wireless access terminals. As mentioned above, each terminal may communicate with
one or more base stations via transmissions on the forward and reverse links. The
forward link (or downlink) refers to the communication link from the base stations to the

terminals, and the reverse link (or uplink) refers to the communication link from the

in-single-out system, a multiple-in-multiple-out (MIMO) system, or some other type of
system.

A MIMO system employs multiple transmit antennas (NT) and multiple receive
antennas (NR) for data communication. A MIMO channel formed by the NT transmit
and NR receive antennas may be decomposed into multiple independent channels (NS),
which are also referred to as spatial channels, where NS < min{NT, NR}. Each of the
NS independent channels corresponds to a dimension. The MIMO system may provide
improved performance (e.g., higher throughput and/or greater reliability) if the
additional dimensionalities created by the multiple transmit and receive antennas are
utilized.

A MIMO system may support time division duplex (TDD) and frequency
division duplex (FDD). In a TDD system, the forward and reverse link transmissions
are on the same frequency region so that the reciprocity principle allows the estimation
of the forward link channel from the reverse link channel. This enables the access point
to extract transmit beam-forming gain on the forward link when multiple antennas arc
available at the access point. The teachings herein may be incorporated into a node
(e.g., a device) employing various components for communicating with at least one
other node.

FIG. 6 depicts several sample components that may be employed to facilitate
communication between nodes. Specifically, FIG. 6 illustrates a wireless device 1510
(e.g., an access point) and a wireless device 1550 (e.g., an access terminal) of a MIMO
system 1500. At the access point 1510, traffic data for a number of data streams is
provided from a data source 1512 to a transmit (TX) data processor 1514.

In some aspects, each data stream is transmitted over a respective transmit

antenna. The TX data processor 1514 formats, codes, and interleaves the traffic data for
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each data stream based on a particular coding scheme selected for that data stream to
provide coded data.

The coded data for each data stream may be multiplexed with pilot data using
Orthogonal Frequency-Division Multiplexing (OFDM) techniques. The pilot data is
typically a known data pattern that is processed in a known manner and may be used at
the receiver system to estimate the channel response. The multiplexed pilot and coded
data for each data stream is then modulated (i.e., symbol mapped) based on a particular
modulation scheme selected for that data stream to provide modulation symbols. As

oy } o anea mrisé k}
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nation schemics are: Binary Phase-Shift
Keying (BPSK), Quadrature Phase-Shift Keying (QSPK), Multiple Phase-Shift Keying
(M-PSK), and Multi-level Quadrature amplitude modulation (M-QAM).

The data rate, coding, and modulation for each data stream may be determined
by instructions performed by a processor 1530. A data memory 1532 may store
program code, data, and other information used by the processor 1530 or other
components of the access point 1510,

The modulation symbols for all data streams are then provided to a TX MIMO
processor 1520, which may further process the modulation symbols (e.g., for OFDM).
The TX MIMO processor 1520 then provides NT modulation symbol streams to NT
transceivers (XCVR) 1522 (e.g., 1522A through 1522T). In some aspects, the TX
MIMO processor 1520 applies beam-forming weights to the symbols of the data streams
and to the antenna from which the symbol is being transmitted.

Each transceiver 1522 receives and processes a respective symbol stream to
provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. NT modulated signals from transceivers 1522A through
1522T are then transmitted from corresponding NT antennas 1524 (e.g., 1524A through
15247T).

At the access terminal 1550, the transmitted modulated signals are received by
NR antennas 1552 (e.g., 1522A through 1552R) and the received signal from each
antenna 1552 is provided to a respective transceiver 1524 (e.g., 1554A through 1554R).
Each transceiver 1554 conditions (e.g., filters, amplifies, and downconverts) a respective
received signal, digitizes the conditioned signal to provide samples, and further

processes the samples to provide a corresponding “received” symbol stream.
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A receive (RX) data processor 1560 then receives and processes the NR received
symbol streams from NR transceivers 1554 based on a particular receiver processing
technique to provide NT “detected” symbol streams. The RX data processor 1560 then
demodulates, deinterleaves, and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by the RX data processor 1560 is
complementary to that performed by the TX MIMO processor 1520 and the TX data
processor 1514 at the access point 1510.

A processor 1570 periodically determines which pre-coding matrix to use

matrix index portion and a rank value portion. A data memory 1572 may store program
code, data, and other information used by the processor 1570 or other components of the
access terminal 1550.

The reverse link message may comprise various types of information regarding
the communication link and/or the received data stream. The reverse link message is
then processed by a TX data processor 1538, which also receives traffic data for a
number of data streams from a data source 1536, modulated by a modulator 1580,
conditioned by the transceivers 1554A through 1554R, and transmitted through the
respective antennas 1522A through 1552R back to the access point 1510.

At the access point 1510, the modulated signals from the access terminal 1550
are reccived by the antennas 1524, conditioned by the transccivers 1522, demodulated
by a demodulator (DEMOD) 1540, and processed by a RX data processor 1542 to
extract the reverse link message transmitted by the access terminal 1550. The processor
1530 then determines which pre-coding matrix to use for determining the beam-forming
weights then processes the cxtracted message.

FIG. 6 also illustrates that the communication components may include one or
more components that perform downlink code control operations as taught herein. For
cxample, a code control component 1590 may cooperate with the processor 1530 and/or
other components of the access point 1510 to send/receive signals to/from another
device (e.g., access terminal 1550) as taught herein. Similarly, a code control
component 1592 may cooperate with the processor 1570 and/or other components of the
access terminal 1550 to send/receive signals to/from another device (e.g., access point
1510). It should be appreciated that for each wireless device 1510 and 1550 the
functionality of two or more of the described components nmiay be provided by a single

component. For example, a single processing component may provide the functionality
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of the code control component 1590 and the processor 1530 and a single processing
component may provide the functionality of the code control component 1592 and the
processor 1570.

An access terminal as discussed herein may be referred to as a mobile station,
user equipment, subscriber unit, subscriber station, remote station, remote terminal, user
terminal, user agent, or user device. In some implementations such a node may consist
of, be implemented within, or include a cellular telephone, a cordless telephone, a

Session Initiation Protocol (SIP) phone, a wireless local loop (WLL) station, a personal

some other suitable processing device connected to a wireless modem.

Accordingly, one or more aspects taught herein may consist of, be implemented
within, or include variety types of apparatuses. Such an apparatus may comprise a
phone (e.g., a cellular phone or smart phone), a computer (e.g., a laptop), a portable
communication device, a portable computing device (e.g., a personal data assistant), an
entertainment device (e.g., a music or video device, or a satellite radio), a global
positioning system device, or any other suitable device that is configured to
communicate via a wireless medium.

As mentioned above, in some aspects a wireless node may comprise an access
node (e.g., an access point) for a communication system. Such an access node may
provide, for cxample, conncectivity for or to a network (c.g., a wide arca network such as
the Internet or a cellular network) via a wired or wireless communication link.
Accordingly, the access node may enable another node (e.g., an access terminal) to
access the network or some other functionality. In addition, it should be appreciated that
onc or both of the nodcs may be portable or, in some cascs, relatively non-portable.
Also, it should be appreciated that a wireless node (e.g., a wireless device) also may be
capable of transmitting and/or receiving information in a non-wireless manner via an
appropriate communication interface (e.g., via a wired connection).

A wireless node may communicate via one or more wireless communication
links that are based on or otherwise support any suitable wireless communication
technology. For example, in some aspects a wireless node may associate with a
network. In some aspects the network may comprise a local area network or a wide area
network. A wireless device may support or otherwise use one or more of a variety of
wireless communication technologies, protocols, or standards such as those discussed
herein (e.g., CDMA, TDMA, OFDM, OFDMA, WiMAX, Wi-Fi, and so on). Similarly,
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a wireless node may support or otherwise use one or more of a variety of corresponding
modulation or multiplexing schemes. A wireless node may thus include appropriate
components (e.g., air interfaces) to establish and communicate via one or more wireless
communication links using the above or other wireless communication technologies.
For example, a wireless node may comprise a wireless transceiver with associated
transmitter and receiver components that may include various components (e.g., signal
generators and signal processors) that facilitate communication over a wireless medium.

FIG. 7 illustrates various components of an access node 700 (also referred to

herein. It should thus be appreciated that in some implementations a femto node 700
may not incorporate all of the components depicted in FIG. 7 while in other
implementations a femto node 700 may employ most or all of the components depicted
in FIG. 7.

Briefly, the femto node 700 includes a transceiver 702 for communicating with
other nodes (e.g., access terminals). The transceiver 702 includes a transmitter 704 for
sending signals and a receiver 706 for receiving signals.

The femto node 700 may also include a transmit power controller 708 for
determining transmit power for the transmitter 704. The femto node 700 includes a
communication controller 710 for managing communications with other nodes and for
providing other related functionality as taught hercin. The femto node 700 also may
include an authorization controller 714 for managing access to other nodes and for
providing other related functionality as taught herein.

The transmit power controller 708 may include an interference determiner 738
for determining the maximum allowed interference, which may be based on the total
received signal strength and the received pilot strength. The transmit power controller
708 also may include a Signal to Noise Ration (SNR) determiner 742 for determining
SNR values associated with the home access terminal.

A node detector 724 may determine whether a particular type of node is in a given
coverage area. A signal strength determiner 726 may determine a total received signal
strength value (e.g., a received signal strength indication, RSSI). A received pilot
strength determiner 728 may determine a signal strength value associated with a pilot
signal. The memory 712 may store many parameters useful in conjunction with
operation of some of the functional elements. For example, the memory 712 may

include a pilot/total signal strength relationship 232 corresponding to a known or



Pt

WO 2009/140310 PCT/US2009/043673

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

16

estimated relationship between the pilot strength and the total strength determined by the
signal strength determiner 226 and the received pilot strength determiner 228.

The femto node 700 includes reserved DLCs 746, which may be stored in the
memory 712, a downlink (DL) receiver 730, a code detector 720, and a code selector
734. Reserved DLCs 746 (also referred to as femto reserved DLCs) can be retained in
the memory 712. According to another illustration, identifiers corresponding to reserved
DLCs 746 can be retained in the memory 212. Further, it is to be appreciated that the

reserved DLCs 746 can be commonly defined for other neighboring femto nodes and

FIG. 8 is a simplified block diagram of a wireless communication system 800 for
autonomous downlink code selection in femtocells. The system 800 includes a
femtocell 810 (also referred to herein as a HNB, access terminal, femto node, femto
access node, and access point base station) and one or more macrocell base stations 820.
The system 800 may also include one or more neighboring femto nodes 830. Macrocell
base stations 820 and neighboring femto cells 830 may be within geographic proximity
of femto node 810.

Each femto node (e.g., femto node 810 and neighboring femto nodes 830) can be
configured for a particular pseudo-noise (PN) offset (3GPP2) or DL scrambling code
(primary scrambling code or secondary scrambling code in 3GPP) on the downlink.

If the ncighboring femto nodes 830 usc the same DL codes as the femto node
810, significant problems can arise since Home User Equipments (HUEs) may not be
able to associate with the correct femto node (e.g., a mobile may improperly associate
with one or more neighboring femto nodes 830 rather than the femto node 810). In
addition, decoding performance may be degraded.

In macrocell networks, DL code selection for base stations can be carefully
managed through radio frequency (RF) engineering so that base stations near each other
in a certain region usc different DL codes. However, generally, a user may install a
femto cell and connect it to the internet with no professional installer involved.
Therefore, RF planning is not practical for femto nodes. In addition, femto nodes may
be moved over time, and there may not be as many DL codes available for femto nodes.
As a result, an autonomous method for selecting appropriate downiink codes is desired
for femto nodes.

Although the following describes femto node 810 (also femto node 700 in FIG.

7), it is to be appreciated that the neighboring femto nodes 830 can be substantially
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similar thereto. Hence, the neighboring femto nodes 830 can employ an autonomous
DL code selection algorithm that is similar to description set forth below.

In reference to both FIGS. 7 and 8, the reserved DLCs 746 can be predefined for
use in system 800. However, in many embodiments the reserved DLCs 746 can be
adaptively determined over time, such as, for example by downloading them over the
internet.

Reserved DLCs 746 include a certain set of DL codes that are reserved for femto

nodes. For instance, this set of reserved DLCs 746 for use by femto nodes can be:

As a non-limiting example, assume there are 512 DL codes available for a given
carrier frequency. If femto nodes operate on a dedicated femto node carrier, then all the
available DLCs (e.g., all DLCs corresponding to the dedicated femto node carrier) can
be reserved for femto nodes (e.g., N = 512). However, if femto nodes operate on a
shared carrier with macrocells (e.g., the macrocell base stations 820 share a carrier with
the femto node 810 and neighboring femto nodes 830), then a certain subset of available
DLCs may be reserved for femto nodes. As a non-limiting example, perhaps six DLCs
are reserved for femto nodes. In some embodiments, these codes in the subset are not
used by any macrocell base station 820.

The DL receiver 730 and the code detector 720 can effectuate scanning for DLCs
that are being utilized by the macrocells 820 and the ncighboring femto nodes 830. For
example, the DL receiver 730 can obtain downlink transmissions from the macrocells
820 and the neighboring femto nodes 830. Further, the code detector 720, in
cooperation with the received pilot strength determiner, can identify the DLCs used by
macrocclls 820 and necighboring femto nodes 830 that have pilot encrgy above a
detection threshold 736 based upon evaluation of the downlink transmissions obtained
using the DL receiver 730.

For example, during a sclf calibration process, femto nodes may scan for all DL
codes and construct a set of DL codes which have pilot energy (also referred to as
received pilot strength) above a detection threshold: DLCspgrecren = {DLC;, DLG;, ...,
DLCy}. Itis to be appreciated that substantially any number of DL.Cs can be included in
this set of detected DL.Cs. Further, the detection threshold 736 used by the code detector
720 and stored in memory 712 may be a preset threshold, an adaptively determined

threshold, periodically downloaded, and combinations thereof.
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The femto node 700 (e.g., the received pilot strength determiner 728) determines
the received pilot strength (RSCP) of the neighboring femto cells 830 and macro cells
820. The received pilot strength determiner 728 may determine the received pilot
strength in various ways. For example, in some implementations the femto node 700
measures the pilot strength (e.g., the receiver 706 monitors the appropriate channel). In
some implementations information relating to the pilot strength may be received from
another node (e.g., a home access terminal). This information may take the form of, for

example, an actual pilot strength measurement (e.g., from a node that measured the

In some implementations, the received pilot strength may be estimated from the
total received signal strength. This determination may be based on, for example, a
known or estimated relationship between the pilot strength and the total strength that is
embodied in the form of a pilot/total signal strength relationship 732 (e.g., a function, a
table, or a graph) stored in the memory 712. In such an implementation, the signal
strength determiner 726 may comprise the received pilot signal strength determiner 728,

Thus, the femto node 700 (e.g., the signal strength determiner 726) determines
the total received signal strength (RSSI) on the neighboring femto cells 830 and macro
cells 820. The signal strength determiner 726 may determine the signal strength in
various ways. For example, in some implementations the femto node 700 measures the
signal strength (c.g., the receiver 706 monitors the appropriate channel). In some
implementations information relating to the signal strength may be received from
another node (e.g., a home access terminal). This information may take the form of, for
example, an actual signal strength measurement (e.g., from a node that measured the
signal strength) or information that may be used to dctermince a signal strength value.
With the RSSI determined, the pilot energy for all the nodes can be estimated based on
the RSSIs and the pilot/total signal strength relationship 732,

1t is contemplated that femto nodes have DL receiver functionality similar to
mobile terminals. Further, enhanced pilot detection performance can be achieved for
femto nodes compared to typical mobile terminal requirement since longer integration
times can be used for femto node searchers using the DL receiver 730 in combination
with the code detector 720.

The code detector 720 can yield the set DLCspprectep and store them in the
memory 712 as detected DLCs 722. In some cases not all of the DLCs being used may

be detected. For example, a neighbor may be using a particular DLC but the femto node
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700 may not detect it because the received signal energy is too low. There is also a set
DLCsggyro that encompasses the DLCs used by a femto node, reserved for femto nodes,
or a combination thereof. This combination of DLCs reserved for femto nodes may be
stored in the memory 712 as the reserved DLCs 746. Note that some of the DLCs in the
set DLCsperectep ¢an be part of the set DLCspemro. In other words, DLCs used by
neighboring femto nodes 830 may have been detected by the code detector 720. The
rest of the DLCs in the set DLCspgrectep can be part of “macrocell only” DLCs (e.g.,
DLCs used by macrocell base stations 820, and DLCs excluded from the reserved DLCs
746.

[0089] Further, the code selector 734 may choose an optimal DLC for use by HNB 810.
Thus, a femto node can select a “best” DLC as follows: a) if all femto reserved DLCs
746 are being used by neighboring femto nodes 830, then they should be in the detected
set. In that case, the femto node 700 picks a DLC in the reserved set of femto DLCs
with a smallest amount of detected energy. b) Otherwise, the femto node picks a DLC
randomly from the set of DLCs in the reserved set of DLCs but not in the detected set.

[0090] Hence, describing the code selection process in pseudo-code, the code selector
734 can effectuate the following (e.g., 2 femto node can select a “best” DLC per the

following):

If
DLCspemro < DLCsperectep (e.g., all femto reserved DLCs 746 are being
used by neighbor femto nodes)
Then
The femto node picks a DLC in DLCspemro with a smallest amount of
detected energy (e.g., Ecp_DLCsgrectep < Ecp DLCx where x =1, ..., N)
Else
The femto node picks a DLC randomly from the sct of DLCs that is a
member of DLCsprmto but not a member of DLCSprtreTsp

(e.g., DLCsgrrcren € (DLCsermto — DLCsprrecTED)

[0091] Referring to FIG. 9, a methodology relating to autonomous DL code selection in
a wireless communication environment is illustrated. While, for purposes of simplicity
of explanation, the methodology is shown and described as a series of acts, it is to be

understood and appreciated that the methodology is not limited by the order of acts, as
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some acts can, in accordance with one or more embodiments, occur in different orders
and/or concurrently with other acts from that shown and described herein. For example,
those skilled in the art will understand and appreciate that a methodology could
alternatively be represented as a series of interrelated states or events, such as in a state
diagram. Moreover, not all illustrated acts can be required to implement a methodology
in accordance with one or more embodiments.

With reference to FIG. 9, illustrated is a methodology 900 that facilitates
choosing downlink codes for femto nodes in a wireless communication environment, At
block 902, downlink transmissions from at least one of one or more n

Node Bs (HNBs) and one or more macrocell base stations can be received.

At block 904, a first set of detected downlink codes (i.e., DLCspgrecrep) that
each have pilot energy above a detection threshold can be recognized by evaluating the
received downlink transmissions. For example, better pilot detection performance can
be achieved for femto nodes as compared to typical user equipment requirements since
longer integration times can be used. Further, a subset of the first set of detected
downlink codes can be included in a second set of downlink codes (i.e., DLCspgmto)
reserved for femto nodes (e.g., downlink codes in this subset can be determined to be
used by neighboring femto nodes), while a remainder of the first set of detected
downlink codes can be included in a subset of downlink codes associated with
macrocells (i.c., DLCsyacro). By way of further example, the detection threshold can
be preset, adaptively determined, or the like.

At block 906, an optimal downlink code for use in connection with serving user
equipment can be selected based upon the first set of detected downlink codes
(DLCspgrectep), where the optimal downlink code can be from the sccond set of
downlink codes reserved for femto nodes (DLCsremro). For instance, the selection of
the optimal downlink code can be effectuated autonomously as part of self calibration.
Further, the optimal downlink code can be a downlink code with a smallest amount of
detected energy when all downlink codes reserved for femto nodes from the second set
are being used by neighboring femto nodes (i.e., all the DLCspgmto codes are included
in the DLCspersctep codes). Moreover, the optimal downlink code can be randomly
selected from one or more downlink codes reserved for femto nodes from the second set
(DLCspemro) that are not members of the first set of detected downlink codes
(DLCspgrectep) When one or more downlink codes reserved for femto nodes from the

second set are not included in the first set of detected downlink codes.
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This process 900 may be repeated periodically. As a non-limiting example, and
referring to FIG. 8, a new neighboring femto cells 830 may enter the wireless
communication system 800 and interfere with the currently selected DL code for the
femto cell 810. A periodic recalibration may allow the femto cell 810 to select a new
DL code. This recalibration may be performed on demand or at a regularly scheduled
time of anticipated low traffic, such as, for example, in the early morning hours.

The components described herein may be implemented in a variety of ways.

Referring to FIG. 10, apparatus 1000 is represented as a series of interrelated functional

processing system including one or more processor components. In some aspects the
functionality of these blocks may be implemented using, for example, at least a portion
of one or more integrated circuits (e.g., an ASIC). As discussed herein, an integrated
circuit may include a processor, software, other related components, or some
combination thereof. The functionality of these blocks also may be implemented in
some other manner as taught herein.

The apparatus 1000 may include one or more modules that may perform one or
more of the functions described above with regard to various figures. For example, a
downlink transmission receiving means 1002 may correspond to, for example, a
downlink receiver as discussed herein. A detected downlink code recognizing means
1004 may correspond to, for cxample, a code detector as discusscd hercin. An optimal
downlink code selecting means 1006 may correspond to, for example, a code selector as
discussed herein.

It should be understood that any reference to an element herein using a
designation such as “first,” “sccond,” and so forth docs not generally limit the quantity
or order of those elements. Rather, these designations may be used herein as a
convenient method of distinguishing between two or more elements or instances of an
element. Thus, a reference to first and second elements does not mean that only two
elements may be employed there or that the first element must precede the second
element in some manner. Also, unless stated otherwise a set of elements may comprise
one or more elements.

Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips

that may be referenced throughout the above description may be represented by
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voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[00100] Those of skill would further appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the embodiments
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality, Whether such functionality is
implemented as hardware or software depends 1
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the exemplary embodiments of the invention.

[00101] The wvarious illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a Digital Signal Processor (DSP), an Application
Specific Integrated Circuit (ASIC), a Field Programmable Gate Array (FPGA) or other
programmable logic device, discrete gate or ftransistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
hercin. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
of morc microprocessors in conjunction with a DSP core, or any other such
configuration.

[00102] The steps of a method or algorithm described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a softwarc module executed by
a processor, or in a combination of the two. A software module may reside in Random
Access Memory (RAM), flash memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically Erasable Programmable ROM (EEPROM),
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the 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. The processor and
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the storage medium may reside in an ASIC. The ASIC may reside in a user terminal. In
the alternative, the processor and the storage medium may reside as discrete components
in a user terminal.

In one or more exemplary embodiments, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A stora
media may be any available media 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 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. Also, any connection is properly termed a computer-readable medium. For
example, if the sofiware is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave arc included in the definition of medium. Disk and disc, as used hercin,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included

within the scope of computer-readable media.

[00104] The previous description of the disclosed exemplary embodiments is provided to

enable any person skilled in the art to make or use the present invention. Various
modifications to these cxemplary embodiments will be readily apparent to those skilled
in the art, and the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the embodiments shown herein but is to
be accorded the widest scope consistent with the principles and novel features disclosed

herein.
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CLAIMS

1. A method for choosing downlink codes for femto nodes
in a wireless communication environment, comprising;

receiving downlink transmissions from at least one of one

or more neighboring femto nodes and one or more mac-
rocell base stations;

evaluating the downlink transmissions to recognize a first

set of detected downlink codes that each have a pilot
energy above a detection threshold;

determining a second set of downlink codes reserved for

the femto nodes; and

selecting an optimal downlink code from the second set of

downlink codes for a femto node to use in connection
with serving user equipment responsive to a correlation
between the first set of detected downlink codes and the
second set of downlink codes, wherein selecting the
optimal downlink code comprises selecting a downlink
code with a smallest amount of detected energy when the
correlation indicates that all the downlink codes of the
second set of downlink codes are included in the first set
of detected downlink codes.

2. The method of claim 1, wherein a subset of the first set of
detected downlink codes is included in the second set of
downlink codes and a remainder of the first set of detected
downlink codes is included 1in a third set of downlink codes
associated with macrocells.
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3. The method of claim 1, wherein the detection threshold
is one of a preset threshold or an adaptively determined
threshold.

4. The method of claim 1, further comprising selecting the
optimal downlink code autonomously as part of self calibra-
tion.

5. The method of claim 1, wherein selecting the optimal
downlink code further comprises randomly selecting a down-
link code from the second set of downlink codes that are not
members of the first set of detected downlink codes when the
correlation indicates that one or more members of the second
set of downlink codes are not members of the first set of
detected downlink codes.

6. The method of claim 1, wherein the acts of receiving
downlink transmissions, evaluating the downlink transmis-
sions, and selecting the optimal downlink code are periodi-
cally repeated.

7. A wireless communications apparatus, comprising;

a downlink receiver for receiving downlink transmissions
from at least one of one or more neighboring femto
nodes and one or more macrocell base stations;

a code detector for recognizing a first set of detected down-
link codes that each have a pilot energy above a detection
threshold by evaluating the downlink transmissions; and

a code selector for selecting an optimal downlink code for
a femto node to use in connection with serving user
equipment based upon the first set of detected downlink
codes wherein the optimal downlink code is from a
second set of downlink codes reserved for femto nodes,
wherein the code selector is further for selecting a down-



26

link code with a smallest amount of detected energy as
the optimal downlink code when all of the second set of
downlink codes are included in the first set of detected
downlink codes.

8. The apparatus of claim 7, wherein a subset of the first set
of detected downlink codes is included in the second set of
downlink codes and a remainder of the first set of detected
downlink codes is included in a third set of downlink codes
associated with macrocells.

9. The apparatus of claim 7, wherein the detection thresh-
old 1s one of a preset threshold or an adaptively determined
threshold.

10. The apparatus of claim 7, wherein the code selector is
further for selecting the optimal downlink code autono-
mously as part of a self calibration.

11. The apparatus of claim 7, wherein the code selector 1s
further for randomly selecting a downlink code from one or
more downlink codes of the second set of downlink codes that
are not members of the first set of detected downlink codes as
the optimal downlink code.

12. A wireless communications apparatus, comprising:

means for receiving downlink transmissions from at least

one of one or more neighboring femto nodes and one or
more macrocell base stations;

means for recognizing a first set of detected downlink

codes that each have a pilot energy above a detection
threshold by evaluating the downlink transmissions; and
means for selecting an optimal downlink code for a femto
node to use in connection with serving user equipment
based upon the first set of detected downlink codes, the
optimal downlink code being from a second set of down-
link codes reserved for femto nodes, wherein the means
for selecting the optimal downlink code comprises
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means for selecting a downlink code with a smallest
amount of detected energy when all the downlink codes
of the second set of downlink codes are included in the
first set of detected downlink codes.

13. The apparatus of claim 12, wherein a subset of the first
set of detected downlink codes is included in the second set of
downlink codes and a remainder of the first set of detected
downlink codes is included in a third set of downlink codes
associated with macrocells.

14. The apparatus of claim 12, wherein the detection
threshold is one of a preset threshold or an adaptively deter-
mined threshold.

15. The apparatus of claim 12, further comprising means
for selecting the optimal downlink code autonomously as part
of self calibration.

16. The apparatus of claim 12, wherein the means for
selecting the optimal downlink code further comprises means
for randomly selecting a downlink code from one or more
downlink codes of the second set of downlink codes that are
not members of the first set of detected downlink codes.

17. A non-transitory computer-readable medium compris-
ing codes for causing a computer to:

receive downlink transmissions from at least one of one or

more neighboring Home femto nodes and one or more
macrocell base stations;

evaluate the downlink transmissions to recognize a first set

of detected downlink codes that each have a pilot energy
above a detection threshold; and

select an optimal downlink code for a femto node to use in

connection with serving user equipment based upon the
first set of detected downlink codes, the optimal down-
link code being from a second set of downlink codes
reserved for femto nodes, wherein selecting the optimal
downlink code comprises selecting a downlink code
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with a smallest amount of detected energy as the optimal
downlink code when all of the second set of downlink
codes are included in the first set of detected downlink
codes.

18. The non-transitory computer-readable medium of
claim 17, wherein a subset of the first set of detected downlink
codes is included in the second set of downlink codes and a
remainder of the first set of detected downlink codes is
included in a third set of downlink codes associated with
macrocells.

19. The non-transitory computer-readable medium of
claim 17, further comprising codes for causing the computer
to randomly select a downlink code from one or more down-
link codes of the second set of downlink codes that are not
members of the first set of detected downlink codes as the
optimal downlink code.

20. In a wireless communications system, an apparatus
comprising:

a memory; and

a processor operably coupled to the memory and config-

ured for:

receiving downlink transmissions from at least one of one

or more neighboring femto nodes and one or more mac-
rocell base stations;

evaluating the downlink transmissions to recognize a first

set of detected downlink codes that each have a pilot
energy above a detection threshold; and

selecting an optimal downlink code for a femto node to use

in connection with serving user equipment based upon
the first set of detected downlink codes, the optimal
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downlink code being from a second set of downlink
codes reserved for femto nodes, wherein selecting the
optimal downlink code comprises selecting a downlink
code with a smallest amount of detected energy when all
the downlink codes of the second set of downlink codes
are included in the first set of detected downlink codes.

21. The apparatus of claim 20, wherein a subset of the first
set of detected downlink codes is included in the second set of
downlink codes and a remainder of the first set of detected
downlink codes is included in a third set of downlink codes
associated with macrocells.

22. The apparatus of claim 20, wherein selecting the opti-
mal downlink code further comprises randomly selecting a
downlink code from one or more downlink codes of the
second set of downlink codes that are not members of the first
set of detected downlink codes.

23. The method of claim 1, wherein the receiving, evalu-
ating, determining, and selecting are performed by the femto
node for which the optimal downlink code is selected.

24. The method of claim 1, wherein each downlink code
corresponds to one of a plurality of primary or secondary
scrambling codes associated with a given carrier frequency.

25. The method of claim 1, further comprising selecting a
carrier frequency for the femto node to use in connection with
serving the user equipment prior to selecting the optimal
downlink code, the optimal downlink code being one of a
plurality of downlink codes associated with the selected car-
rier frequency.



