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ABSTRACT

Transmit power (e.g., maximum transmit power) may be defined based on the maximum
received signal strength allowed by a receiver and a total received signal strength from
transmitting nodes at the receiver. Transmit power may be defined for an access node
(e.g., a femto node) such that a corresponding outage created in a cell (e.g., a macro cell)
1s limited while still providing an acceptable level of coverage for access terminals
associated with the access node. An access node may autonomously adjust its transmit
power based on channel measurement and a defined coverage hole to mitigate
interference and perform a self-calibration process.
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SELF CALIBRATION OF DOWNLINK TRANSMIT POWER

This application is a divisional of Canadian Patent Application No. 2,722,170 filed May 12,
2009.

[0001] BACKGROUND
Field
[0002] This application relates generally to wireless communication and more

specifically, but not exclusively, to improving communication performance.
Background

[0003] 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 efficient and robust communication systems with enhanced performance.

[0004] 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 DSL router or a cable modem.

[0005] [n a typical macro cellular deployment the RF coverage is planned and

managed by cellular network operators to optimize coverage. Femto base stations, on
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the other hand, may be installed 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 cell. Also, on the uplink,
home access terminals that are served by a femto cell may cause mterference at a macro

cell base station (e.g., macro nodeB).

[0006] Interference between the macro and femto deployments may be mitigated by
operating the femto network on a separate RY carrier frequency than the macro cellular
network.

10007] Femto cells also may interfere with one another 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
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

association policy enforced by that femto base station.

0008} RF interference issues may thus arise in a 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. Thus, there 1s a need

for improved interference management for wireless networks.

SUMMARY
[0009] A summary of sample aspects of the disclosure follows. It should be
understood that any reference to the term aspects herein may reter to one or more
aspects of the disclosure.
[0010} The disclosure relates in some aspect to determining transmit power (€.g.,
maximum power) based on the received signal strength of a best-reception macro access

node and the received signal strength from all other nodes. In this way, the access node
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(e.g., femto node) can adapti?ely adjust the transmit power level depending on the
macro access node signal levels and other femto node signals.

[0011] The disclosure relates in some aspects to defining transmit power for an
access node (e.g., a femto node) such that a corresponding outage (e.g., a coverage hole)
created in a cell (e.g., a macro cell) is limited while still providing an acceptable level of
coverage for access terminals associated with the access node. In some aspects, these

techniques may be employed for coverage holes in adjacent channels (e.g., implemented

on adjacent RF carriers) and in co-located channels (e.g., implemented on the same RFE
carrier).

(0012] The disclosure relates in some aspects to autonomously adjusting downlink
transmit power at an access node (e.g., a femto node) to mitigate interference. In some
aspects, the transmit power is adjusted based on channel measurement and a defined
coverage hole. Here, a mobile operator may specify coverage hole and/or channel
characteristics used to adjust the transmit power.

[0013] In some implementations an access node measures the received signal
strength of signals from a macro access node and determines transmission power limits
relating to the coverage hole in the macro cell. Based on the transmission power limits,
the access node may select a particular transmit power value. For example, transmuit
power at the access node may be adjusted based on received signal strength of the best-

reception macro access node and the received signal strength from all other nodes.
10014] The disclosure relates in some aspects to defining transmit power based on

received signal strength of the best-reception macro access node and the received signal

strength from all other nodes. For example, an access node may commence operation

with a default transmit power (e.g., pilot fraction value) when 1t 1s installed and later
dynamically adjust the transmit power based on received signal strength ot the best-
reception macro access node and the received signal strength from all other nodes.
[0015] The disclosure relates in some aspects to adaptively adjusting the downlink
transmit power of neighboring access nodes. In some aspects, sharing of information

between access nodes may be utilized to enhance network performance. For example, if
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an access terminal 1s experiencing high interference levels from a neighboring access node,
information relating to this interference may be relayed to the neighbor access node via the
home access node of the access terminal. As a specific example, the access terminal may

send a neighbor report to its home access node, whereby the report indicates the received
signal strength the access terminal sees from neighboring access nodes. The access node may
then determine whether the home access terminal is being unduly interfered with by one of the
access nodes 1n the neighbor report. If so, the access node may send a message to the
interfering access node requesting that the access node reduce its transmit power. Similar

functionality may be achieved through the use of a centralized power controller.

[0015a] According to an aspect of the present invention, there 1s provided a method of
wireless communication, comprising: receiving at a home femto node a measurement report
from a home access terminal, the measurement report conveying received pilot strengths
(RSCPs) of neighboring femto nodes taken by the home access terminal; ranking the
neighboring femto nodes based on the measurement report according to the strength of their
respective RSCPs; and sending a message to the highest ranking neighboring femto node

requesting a reduction in transmit power.

[0015b] According to another aspect of the present invention, there is provided an
apparatus of wireless communication, comprising: a processor configured to: receive at a
home femto node a measurement report from a home access terminal, the measurement report
conveying received pilot strengths (RSCPs) of neighboring femto nodes taken by the home
access terminal, rank the neighboring femto nodes based on the measurement report according
to the strength of their respective RSCPs, and send a message to the highest ranking
neighboring femto node requesting a reduction in transmit power; and memory coupled to the

processor and configured to store related data and instructions.

[0015¢] According to still another aspect of the present invention, there is provided an
apparatus of wireless communication, comprising: means for receiving at a home femto node
a measurement report from a home access terminal, the measurement report conveying

received pilot strengths (RSCPs) of neighboring femto nodes taken by the home access
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terminal; means for ranking the neighboring femto nodes based on the measurement report

according to the strength of their respective RSCPs; and means for sending a message to the

highest ranking neighboring femto node requesting a reduction in transmit power.

[0015d] According to a further aspect of the present invention, there is provided an
non-transitory computer-readable medium storing code, which, when executed by a processor,
causes the processor to perform operations for wireless communication, the non-transitory
computer-readable medium comprising: code for receiving at a home femto node a
measurement report from a home access terminal, the measurement report conveying received
pilot strengths (RSCPs) of neighboring femto nodes taken by the home access terminal; code
for ranking the neighboring femto nodes based on the measurement report according to the
strength of their respective RSCPs; and code for sending a message to the highest ranking

neighboring femto node requesting a reduction in transmit power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other sample aspects of the disclosure will be described in the
detailed description and the appended claims that follow, and in the accompanying drawings,

wherein:

[0017] FIG. 1 1s a simplified diagram of several sample aspects of a communication

system including macro coverage and smaller scale coverage;

[0018] F1G. 2 1s a simplified block diagram of several sample aspects of an access
node;
[0019] FIG. 3 1s a tlowchart of several sample aspects of operations that may be

performed to determine transmit power based on received signal strength of the best-reception

macro access node and the maximum received signal strength from all other nodes;

[0020] FIG. 4 1s a flowchart of several sample aspects of operations that may be

performed to determine transmit power based on signal-to-noise ratio;
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[0021] FIG. 5 is a simplified diagram illustrating coverage areas for wireless
communication;
[0022] FIG. 6 is a simplified diagram of several sample aspects of a communication

system including neighboring femto cells;
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[0023] FIG. 7 is a flowchart of several sample aspects of operations that may be
performed to control transmit power of a neighboring access node;

10024] FIG. 8 is a flowchart of several sample aspects of operations that may be
performed to adjust transmit power in response to a request from another node;

[0025] FIG. 9 is a simplified diagram of several sample aspects of a communication
systemn including centralized power control;

[0026] FIG. 10 is a flowchart of several sample aspects of operations that may be
performed to control transmit power of an access node using centralized power control;

[0027] FIGS. 11A and 11B are a flowchart of several sample aspects of operations
that may be performed to control transmit power of an access node using centralized
power control;

[0028] FIG. 12 is a simplified diagram of a wireless communication system
including femto nodes;

[0029] FIG. 13 is a simplified block diagram of several sample aspects of
communication components; and

0030} FIGS. 14 - 15 are simplified block diagrams of several sample aspects ot
apparatuses cdnﬁgured to provide power control as taught herein.

[0031] 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. Finally, like reterence

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

DETAILED DESCRIPTION
[0032] Various aspects of the disclosure are described below. It 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 1s merely representative.

Based on the teachings herein one skilled in the art should appreciate that an aspect
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disclosed herein may be implemented independently of any other aspects and that two
or more of these aspects may be combined in various ways. For example, an apparatus
may be implemented or a method may be practiced using any number of the aspects set
forth herein. In addition, such an apparatus may be implemented or such a method may
be practiced using other structure, functionality, or structure and functionality 1n
additiO_n to or other than one or more of the aspects set forth herein. Furthermore, an
aspect may comprise at least one element of a claim. |

[0033] ' FIG. 1 illustrates sample aspects of 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 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 1n
certain locations by access nodes (e.g., access node 104) that provide macro coverage as
represented by the area 106 while the access terminal 102A may be served at other
locations by access nodes (e.g., access node 108) that provide smaller scale coverage as
represented by the area 110. In some aspects, the smaller coverage nodes may be used
to provide incremental capacity growth, in-building coverage, and different services
(e.g., for a more robust user experience).

[0034] As will be discusse.d in more detail below, the access node 103 may be
restricted in that it may not provide certain services to certain nodes (€.g., a visitor
access terminal 102B). As a result, a coverage hole (e.g., corresponding to the coverage
area 110) may be created in the macro coverage area 106.

[0035] The size of the coverage hole may depend on whether the access node 104

and the access node 108 are operating on the samc 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 to the coverage area 110. Thus, 1n this case
the access terminal 102A may lose macro coverage when it 18 within the coverage area

110 (e.g., as indicated by the phantom view of the access terminal 102B).
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[0036] When the nodes 104 and 108 are on adjacent channels (¢.g., using ditferent
frequency cafriers), a smaller coverage hole 112 may be created 1n the macro coverage
area 106 as a result of adjacent channel interference from the access node 103. 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 access node 103
(e.g., just outside the coverage area 112).

[0037] Depending on system design parameters, the co-channel coverage hole may
be relatively large. For example, when the transmit power of the small scale node 103
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
scale node 108 and access terminal 102B.

[0038] A tradeoff thus exists between minimizing the outage in the macro coverage
while maintaining adequate coverage within a designated smaller scale environment
(e.g., femto node coverage inside a home). For example, when a restricted femto node
is at the edge of the macro coverage, as a visiting access terminal approaches the femto
node, 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 fernto node on that carrier.

[0039] As will be described in detail m conjuﬁction with FIGS. 2 - 11B, a transmit
power value for a node may be defined to manage such interference and/or address
other similar issues. In some implementations, the defined transmit power may relate to
at least one of: a maximum transmit power, transmit power for a femtd node, or transmit

power for transmitting a pilot signal (e.g., as indicated by a pilot fraction value).
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10040] For convenience, the following describes various scenarios where transmit
power is defined for a femto node deployed within a macro network environment.

Here, the term macro node refers in some aspects to a node that provides coverage over
a relatively large area. The term femto.node refers in some aspects to a node that
provides coverage over a relatively small area (e.g., a residence). A node that provides
coverage over an area 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, a pico node may be restricted, a pico node may be associated with
one or more home access terminals, and so on.

[0041] In various applications, other terminology may be used to reterence a macro
node, a femto node, or a pico node. For example, a macro node may be contigured or
referred to as an access node, base station, access point, eNodeB, macro cell, macro
nodeB (“MNB”), and so on. Also, a femto node 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. In some implementations,
each cell may be further associated with (e.g., divided mnto) one or more Sectors.

10042] As mentioned above, a femto node may be restricted 1n some aspects. bor
example, a given femto node may only provide service to a limited set of access
terminals. Thus, in deployments with so-called restricted (or closed) association, a
oiven access terminal may be served by the macro cell mobile network and a [imited set
of femto nodes (e.g., femto nodes that reside within a corresponding user residence).

[0043] The restricted provisioned set of access terminals associated a restricted

femto node (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)
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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.

[0044] Various relationships may be defined between a restricted femto node and a
oiven 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 temto
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 18
not authorized to access or operate, except for perhaps emergency situations (e.g., 911
calls).

[0045] From the perspective of a restricted femto node, a home access terminal (or
home user equipment, “HUE”) may refer to an access terminal that 1s 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
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 and, when service is not allowed, a guest access terminal.

[0046] FIG. 2 illustrates various components of an access node 200 (hereafter
referred to as femto node 200) that may be used in one or more implementations as

taught herein. For example, different configurations ot the components depicted in FIG.

2 may be employed for the different examples of FIGS. 3 - 11B. [t should thus be

appreciated that in some implementations a node may not incorporate all of the
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components depicted in FIG. 2 while in other implementations (¢.g., where a node uses
multiple algorithms to determine a transmit power) a node may employ most or all of
the components depicted mn FI1G. 2.

[0047] Briefly, the femto node 200 includes a transceiver 202 for communicating
with other nodes (e.g., access terminals). The transceiver 202 includes a transmitter 204
for sending signals and a receiver 206 for receiving signals. The femto node 200 also
includes a transmit power controller 208 for determining transmit power (e.g.,
maximum transmit power) for the transmitter 204. The femto node 200 includes a
communication controller 210 for managing communications with other nodes and tor
providing other related functionality as taught herein. The femto node 200 includes one

or more data memorics 212 for storing various information. The femto node 200 also

may include an authorization controller 214 for managing access to other nodes and for
providing other related functionality as taught herein. The other components 1llustrated
in FIG. 2 are described below.

[0048] - Sample operations of the system 100 and the femto node 200 will be
described in conjunction with the flowcharts ot F1GS. 3, 4, 7, 8, and 10-11B. For
convenience, the operations of FIGS. 3, 4, 7, 8, and 10-11B (or any other operations
discussed or taught herein) may be described as being performed by specitic
components (e.g., components of the femto node 200). It should be appreciated,

however, that these operations may be performed by other types of components and

may be performed using a different number of components. It also should be

appreciated that one or more of the operations described herein may not be employed in
a given implementation.

10049} Referring initially to FIG. 3, the disclosure relates in some aspects to
defining transmit power for a transmitter based on a received signal strength of a macro

node. FIG. 3 illustrates an operation that may be performed to determine transmit

power based on channel conditions such as the maximum received signal strength from

a macro node.
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[0050] As represented by block 302, in some cases determination of transmit pOWET
for an access node may be invoked due to or may be based on a determination that a
node is in a coverage area of the access node. For example, the femto node 200 may
elect to recalibrate the femto’s transmit power (e.g., to increase the power) if it
determines that a home access terminal (e.g., a node that 1s authonized for data access)
has entered the femto’s coverage area. In addition, the femto node 200 may elect to
recalibrate its transmit power (e.g., to decrease the power) if it determines that a visitor
access terminal (e.g., that is not authorized for data access) has entered 1ts coiverage
area. To this end, the femto node 200 may include a node detector 224 that may
determine whether a particular type of node 1s 1n a given coverage area.

[0051] As represented by block 304, in the event the femto node 200 elects to
calibrate its transmitter (e.g., upon power-up, periodically, or in response a trigger such
as block 402), the femto node 200 may use, for example, measurement reports from
access terminals to calibrate its measurements of Ecp and lo. To this end, the femto
node 200 may include a transmitter calibrator 226 that may receive and act upon
measurement reports for adjusting or calibrating the received signal measurements.
Furthermore, calibration may rely on received signal strengths in various forms, for

example, in some implementations a received signal strength determiner 228 may

determine a total received signal strength value (e.g., a received signal strength
indication, RSSI) from home user equipment for calibration of the measurements of
received pilot strength (Ecp) and total received signal strength (Io) by the femto node

200.

[0052] As represented by block 306, the temto node 200 (e.g., the transmit power
controller 208) determines a transmit power value (e.g., a maximum value) based on the
received signal strength. For example, in an implementation where transmit power 18
based at least in part on a received signal strength indication, the transmit power may be

increased in response to a decrease in received signal strength at the temto access

terminal or if the received signal strength at the femto access terminal falls below a

threshold level. Conversely, the transmit power may be decreased 1n response to an
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increase in the received signal strength at the femto access terminal or 1f the received
signal strength at the femto access terminal rises above a threshold level.  As a specitic
example, if requested DRC over a long time period is always very high, this may serve
an indication that the transmit power value may be too high and the femto node 200
may therefore elect to operate at lower transmit power value.

[0053] Also, as represented by block 306, the femto node 200 (e.g., the received

signal strength determiner 228) determines the received signal strength, such as the pilot
strength (e.g., RSCP), of the best macro access node on the visitor access terminal’s

channel (this can be the same channel as femto or a different channel or both). In other

words, the signal strength of the pilot signal having the highest received signal strength.
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the received pilot strength in various ways. For example, in some implementations the
femto node 200 measures the pilot strength (e.g., the receiver 206 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 signal strength) or information that may be used to determine a
pilot strength value and may be stored in signal strength values 232.

[0054] Accordingly, as represented by block 308 in FIG. 3, the femto node 200 of
FIG. 2 (e.g., the total signal strength determiner 230) determines the total received
signal strength (e.g., RSSI) on the visitor access terminal’s channel (this can be the
same channel as femto or a different channel or both). The total signal strength
determiner 230 may determine the signal strength in various ways. For example, in
some implementations the femto node 200 measures the signal strength (e.g., the
receiver 206 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) and may be stored in signal strength values 232. This information may take

the form of, for example, an actual signal strength measurement (e.g., from a node that
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measured the signal strength) or information that may be used to determine a signal
strength value.

[0055] As represented by block 310, the femto node 200 (e.g., a limit determiner
234) may calculate regulatory limits in order to prevent worst case errors in calculations
and enforce any regulatory specifications and may be stored 1n limit values 236.

[0056] The above calculations and determinations are identified herein for a specific
exemplary system. For example, in WCDMA and IxRTT systems, pilot and control
channels are code division multiplexed with traffic and are not tranémitted at full power
(e.g., Ecp/Io < 1.0). Thus, when the femto node performs the measurements, it
neighboring macro cells are not loaded, the total interference signal strength value
RSSIyacro ac may be lower than a corresponding value for a case wherein the
neighboring macro cells are loaded. In one example, considering a worst case scenario,
the femto node may estimate system loading and adjust the RSSImacro ac value to
predict the value for a fully loaded system.

[0057] In the following example, all of the quantities have linear units (instead ot

dB) and Iynp Linear corresponds to interference created by the femto node at the visitor
access terminal. As represented by block 312 of FIG. 3, the femto node 200 (e.g., the
transmit power controller 208) determines the maximum transmit power based on the
received signal level of transmissions from the macro node (e.g., macro cell) as recerved
at the femto node 200. As mentioned above, the operations of FIG. 3 may be used for
limiting the coverage hole on either an adjacent channel or a co-channel.

[(0058] In some aspects, a femto node may thus convert the determined received
power signal level from the femto node 200 into a corresponding allowed transmit
power value. The transmit power may thus be defined in a manner that enables
operation of a visiting access terminal at a predetermined minimum distance from a
femto node (e.g., corresponding to an edge of a coverage hole), without unduly
restricting the operation of the femto node’s home access terminals. Consequently, 1t

may be possible for both the visiting and home access terminals to operate etfectively

near the edge of the coverage hole.
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[0059] As represented by block 314, in some implementations the femto node 200
may repeatedly perform any of the above transmit power calibration operations (€.g., as
opposed to simply determining the transmit power a single time upon deployment). For
example, the femto node 200 may use a default transmit power value when 1t 1s first
deployed and may then periodically calibrate the transmit power ovér time. In this case,
the femto node 200 may perform oné or more of the operations of FIG. 3 (e.g., acquire
or receive signal strength or channel quality information) at some other point(s) in time.
In some cases, the transmit power may be adjusted to maintain a desired channel quality
over time. In some cases, the operations may be performed on a repeated basis (e.g.,
daily) so that a femto node may adapt to variations in the environment (¢.g., a neighbor

apartment unit installs a new femto node). In some cases, such a calibration operation

may be adapted to mitigate large and/or rapid changes in transmit power (¢.g., through

the use of a hysteresis or filtering technique).

[0060] With the above in mind, additional considerations relating to scenarios
where a macro access terminal (e.g., a visitor access terminal) that is not associated with
a femto node is at or near a coverage area of the femto node will now be treated. Here,
a femto node (e.g., located near a window) may jam macro access terminals passing by

(e.g., on a street) if these macro access terminals are not be able to handoft to the femto

node due to a restricted association requirement.

[0061] The following parameters will be used in the discussion:

Ecpwns ur: Received pilot strength (RSCP) from the best macro access node (e.g.,

MNB) by the macro access terminal (e.g., UE) (in linear units).

Ecpumng mng: Received pilot strength (RSCP) from best macro access node by the femto

node (e.g., HNB) (in linear units).

Ecing ug: Total received signal strength (RSS]) from the femto node by the macro

access terminal (in linear units). (Also known as RSSIung ur)-
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[0062] Referring now to FIG. 4, in some implementations the maximum transmit
power defined by the femto node 200 may be constrained based on a signal-to-noise
ratio for a home access terminal located around the edge of a coverage hole. For

example, if the signal-to-noise ratio is higher than expected at a home access terminal

that is located where the coverage hole is expected to end, this means that the coverage
hole may in fact be much larger than desired. As a result, undue interference may be
imposed on visitor access terminals near the intended coverage edge.

[0063] The disclosure relates in some aspects to reducing the transmit power 1f the

signal-to-noise ratio at the home access terminal is higher than expected. The following

parameters are used in the discussion that follows:

Toug: Total received signal strength (Io) by the home access terminal (e.g., UE) from all

access nodes (e.g., NodeBs) in the absence of the femto node (in linear units).

Torng: Total received signal strength (Io) by the home access terminal from all other

access nodes (e.g., macro and femto access nodes) in the system (in linear units).

PLiNB edge - Path loss from the femto node (e.g., HNB) to the home access terminal at

the coverage edge (in dB units).

[0064] When a femto node is not transmitting, recerved Ecp/Io by a macro access

terminal may be:

Ec :
ECp / IOIHNB not transmifting - p]MMB—bE .
" Oue EQUATION 1
[0065] When the femto node is transmitting, received Ecp/lo by the access terminal

may be:
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ECp / IOIHNB _fransmiltting - [0 + Aéi. =
vk HNB _UE EQUATION 2
[0066] The parameter [Ecp/I0]min is defined as the minimum required Ecp/lo for the

macro access terminal to have proper service (e.g., as discussed above at FIG. 3).
Assuming the macro access terminal is at the edge of a femto node coverage hole and
the coverage hole is limited to a certain value (€.g., PLuNB edge = 80 dB), then one may
impose the following condition for the femto node downlink maximum transmit power:

PHNB max (€.€., t0 maintain [Ecp/I0]min for a macro access terminal):

g ap—

\

[ Ec :
P || s e | g, el ) EQUATION 3
B w\ [ECp/]O]mm / 1
[0067] Similarly, if a home access terminal (e.g., a home UE, HUE) that 1s serviced

by the femto node is located at the edge of the femto coverage, the SNR (the term

SINR, e.g., including interference, will be used in the following discussion) experienced

by the home access terminal may be described as:

PH'NB max
SINRHUE : b/ 10(P£P!?VB_Mge/10)
Oug EQUATION 4
[0068] In some cases Equation 3 may yield to relatively large transmit power levels

for the femto node which may result in unnecessarily high SINRgyg. This may mean,
for example, that if a new femto node is installed in the vicinity of the old femto node,

the new femto node may end up receiving a high level of interference from the
previously installed femto node. As a result, the newly installed temto node may be
confined to a lower transmit power level and may not provide sufficient SINR for its

home access terminals. To prevent this type of effect an SINR cap may be used for the



CA 02928923 2016-05-04

WO 2009/140312 PCT/US2009/043675

17

home access terminal at the edge of its home access terminal coverage as:

[SINR Jmax at HNB edge- 1hus, one may provide a second constraint for the Pung max a8:

s e < [SNR . s e - J0p - 10177/ EQUATION 5

[0069] To apply constraints as described in Equations 3 and 5 one may measure

Ecpmne ur and Ioyg at the edge of desired HNB coverage (PLung eqge ). SInce
professional installation may not be p'ractical for femto nodes (e.g., due to financial

~ constraints), a femto node may estimate these quantities by 1ts own measurements of the
downlink channel. For example, the femto node may make measurements: ECpyng ung
and lopnp to estimate Ecpuvnp ur and loug respectively. This scenario 1s discussed in
more detail below 1n conjunction with Equation 19. Since the femto node location 1s
different than the access terminal location there may be some error in these
measurements.

[0070] In the exemplary embodiment, if the temto node uses 1ts own measurements
for adaptation of its own transmit power, this error could result in lower or higher
transmit power values compared to optimum. As a practical method to prevent worst
cases errors, certain upper and lower limits may be enforced on Pung max S
PHNB max timit a0d PHNB min 1imit (€.8., @S discussed above),

[0071] In view of the above, referring to block 402 FIG. 4, a transmit power
adjustment algorithm may thus involve 1dentifying a home access terminal near a
coverage edge of a femto node. In the example of FIG. 2, this operation may be
performed by the node detector 224. In some implementations, the position of the home
access terminal may be determined based on path loss measurements between the home
access terminal and the femto node (e.g., as discussed herein).

[0072] At block 404, the femto node 200 (e.g., an SNR determiner 242) may
determine SNR values (e.g., SINR) associated with the home access terminal. In some

cases, this may involve receiving SNR information from the home access terminal (e.g.,

in a channel quality report or a measurement report). For example, the home access
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terminal may send measured RSSI information or calculated SNR information to the
femto node 200. In some cases, CQI information provided by the home access terminal
may be correlated (e.g., by a known relationship) to an SNR value of the home access
terminal. Thus, the femto node 200 may derive SNR from received channel quality

information.

As mentioned above, determining an SNR value may involve the femto node

200 autonomously calculating the SNR value as discussed herein. For example, in
cases where the femto node 200 performs the measurement operations on its own, the

femto node 200 may 1nitially measure:

Ecpang mng: Total received pilot strength from best macro access node by the femto

node.

Torns: Total received signal strength (Io) by the femto node from all other access nodes

(e.g., macro and femto nodes) in the system.

The femto node 200 may then determine upper power limits:

- -

(E CPrvng  HNB )

PHNB_max_l
\ [Ecp/lo],, _ EQUATION 6

10(PLm_ ice /10)

— oy |-

Pint max 2 = [SINR] o o 1vm edge - [0, ," lo(PLHNB'_edgg /10)

EQUATION 7

Here, Equation 6 relates to the maximum transmit power determined in a
similar manner as discussed in FIG. 3 and Equation 7 relates to determining another

maximum limit for the transmit power based on SNR. It may be observed that Equation

6 is similar to Equation 3 except that To is measured at the femto node. Thus, Equation

6 ensures that the Ecp/lo of a macro access terminal at the home node B coverage edge

does not fall below the minimum Ecp/lo. In both of these equations, the determined
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transmit power is based on signals received at the femto node and on the path loss to the
coverage edge (e.g., based on the distance to the edge).

[0076] At block 406 of FIG. 4, the femto node 200 (e.g., the transmit power

controller 208) may determine the transmit power based on the maximums defined by
Equations 6 and 7. In addition, as mentioned above the final maximum power value

may be constrained by absolute minimum and maximum values:

PHNBﬂtotal = mdX lPHNB_min_limit ? min (P HNB max 1? P}INmaax_'.;l ’ PHNB_max_limit )J EQUATION 8

[0077] As an example of Equation &, PLuxg «dee may be specified to be 80 dB,
PHNB max 1imit My be specified to be 20 dBm, Pung_min_timit May be specitied to be -
10dBm, and [SINR]max at HNB edge a0d [ECP/10 |min may depend on the particular air
interface technology 1n use.

0078] As mentioned above, the teachings herein may be implemented in a wireless
network that includes macro coverage areas and femto coverage areas. FIG. 5
illustrates an example of a coverage map 500 for a network where several tracking areas
502 (or routing areas or location areas) are defined. Specifically, areas ot coverage

associated with tracking areas 502A, 502B, and 502C are delineated by the wide lines in

FI1G. 5.

[0079] The system provides wireless communication via multiple cells 504
(represented by the hexagons), such as, for example, macro cells S04A and 504B, with
each cell being serviced by a corresponding access node 506 (e.g., access nodes S06A -
506C). As shown in FIG. 5, access terminals 508 (e.g., access terminals S08A and
508B) may be dispersed at various locations throughout the network at a given point in
time. Fach access terminal 508 may communicate with one or more access nodes 506
on a forward link (“FL”) and/or a reverse link (“RL) at a given moment, depending
upon whether the access terminal 508 is active and whether it 15 1n soft handott, for

example. The network may provide service over a large geographic region. For
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example, the macro cells 504 may cover several blocks 1n a neighborhood. To reduce
the complexity of FIG. 5, only a few access nodes, access terminals, and femto nodes
are shown.

The tracking areas 502 also include femto coverage areas 510. In this
example, each of the femto coverage areas 510 (e.g., femto coverage area S10A) 18
depicted within a macro coverage area 504 (e.g., macro coverage area 504B). It should
be appreciated, however, that a femto coverage area 510 may not lie entirely within a
macro coverage area 504. In practice, a large number of femto coverage areas 510 may
be defined with a given tracking area 502 or macro coverage area 504. Also, one or
more pico coverage areas (not shown) may be defined within a given tracking area 502
or macro coverage area 504. To reduce the complexity of FIG. 5, only a few access
nodes 506, access terminals 508, and femto nodes 510 are shown.

FIG. 6 illustrates a network 600 where femto nodes 602 are deployed 1n an
apartment building. Specifically, a femto node 602A 18 deployed m apartment 1 and a
ferto node 602B is deployed in apartment 2 in this example. The femto node 602A 15
the home femto for an access terminal 604A. The femto node 602B iS the home femto
for an access terminal 604B.

As illustrated in FIG. 6, for the case where the femto nodes 602A and 602B

are restricted, each access terminal 604 may only be served by 1ts associated (e.g.,
home) femto node 602. In some cases, however, restricted association may result in
negative geometry situations and outages of femto nodes. For example, in FIG. 6 the
femto node 602A is closer to the access terminal 604B than the femto node 602B and
may therefore provide a stronger signal at the access terminal 604B. As a result, the
femto node 602A may unduly interfere with reception at the access terminal 604B.

Such a situation may thus affect the coverage radius around the femto node 602B at

which an associated access terminal 604 may initially acquire the system and remain

connected to the system.

Referring now to FIGS. 7 - 11B, the disclosure relates in some aspects to

adaptively adjusting transmit power (e.g., maximum downlink transmit power) of
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neighboring access nodes to mitigate scenarios of negative geometries. For example, as
mentioned above maximum transmit power may be defined for overhead channels that
are then transmitted as their default fraction of the maximum access node transmit
power. For illustration purposes, the following describes a scenario where transmut
power of a femto node 1s controlled based on a measurement report generated by an
access terminal associated with a neighboring femto node. It should be appreciated,
however, that the teachings herein may be applied to other types of nodes.

[0084] Transmit power control as taught herein may be implemented through a
distributed power control scheme implemented at the femto nodes and/or through the
use of a centralized power controller. In the former case, adjustments ot transmit power
may be accomplished through the use of signaling between neighboring femto nodes
(e.g., femto nodes associated with the same operator). Such signaling may be
accomplished, for example, through the use of upper layer signaling (e.g., via the
backhaul) or appropriate radio components. In the latter case mentioned above,
adjuétments to transmit power of a given femto node may be accomplished via signaling
between femto nodes and a centralized power controller.

[0085] The femto nodes and/or the centralized power controller may utilize
measurements reported by access terminals and evaluate one or more coverage criteria
to determine whether to send a request to a femto node to reduce transmit power. A
femto node that receives such a request may respond by lowering its transmit power 1t 1t
is able to maintain its coverage radius and if its associated access terminals would
remain 1n good geometry conditions.

[0086] FIG. 7 describes several operations relating to an implementation where
neighboring femto nodes may cooperate to control one another's transmit power. Here,

various criteria may be employed to determine whether transmit power ot a neirghbor

node should be adjusted. For example, in some aspects a power control algorithm may

attempt to maintain a particular coverage radius around the femto node (e.g., a certain
CPICH Ecp/Io is maintained a certain path loss away from the femto node). In some

aspects a power control algorithm may attempt to maintain a certain quality of service
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(e.g., throughput) at an access terminal. Initially, the operations of FIGS. 7 and 8 will
be described in the context of the former algorithm.

[0087] As represented by block 702 of FIG. 7, a given femto node initially set 1ts
transmit power to defined value. For example, all of the femto nodes in the system may
initially set their respective trahsmit power to the maximum transmit power that still
mitigates the introduction of coverage holes in a macro coverage ‘area. As a specific
example, the transmit power for a femto node may be set so that the CPICH Ecp/lo of a
macro access terminal at a certain path loss away (e.g. 80 dB) from the femto node 1s
above a certain threshold (e.g. -18 dB). In some implementations, the femto nodes may
employ one or more of the algorithms described above 1n conjunction with FIGS. 2 - 4
to establish a maximum transmit power value. .

10083] As represented by block 704, each access terminal in the network (e.g., each
access terminal associated with a femto node) may measure the signal strength of
signals that it receives in its operating band. Each access terminal may then generate a
neighbor report including, for example, the CPICH RSCP (pilot strength) of its femto
node, the CPICH RSCP of all femto nodes in its neighbor list, and the RSSI of the
operating band.

[0089] In some aspects, each access terminal may perform this operation in
response to a request from its home femto node. For example, a given femto node may
maintain a list of neighboring femto nodes that it sends to its home access terminals.
This neighbor list may be supplied to the femto node by an upper layer process or the
femto node may populate the list on its own by monitoring downlink traffic (provided
the femto node includes appropriate circuitry to do so). The femto node may repeatedly
(e.g., periodically) send a request to its home access terminals for the neighbor report.

[0090] As represented by blocks 706 and 708, the femto node (¢.g., the transmit
power controller 208 of FIG. 2) determines whether signal reception at each of 1ts home

access terminals is acceptable. For example, for an implementation that seeks to

maintain a particular coverage radius, a given femto node 1 (e.g., home nodeB,

“HNB”) may estimate the CPICH Ecp/lo_i of a given associated access terminal 17
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397 3
1

(e.g., home user equipment, “HUE”) assuming the access terminal “1” 18 a certain path
loss (PL) away from the femto node “i” (e.g., assuming the location measured by the

femto node “1” will not change much). Here Ecp/Io_1 for the access terminal “1” 18

Ec ]
Ecpl/lo i= L NN . EQUATION 9
]OHUE_i
[0091] In some implementations, a femto node (e.g., the signal strength determiner

226) may determine RSSI on behalf of its home access terminals. For example, the
femto node may determine RSSI for an access terminal based on the RSCP values
reported by an access terminal. In such a case, the access terminal need not send an
RSSI value in the neighbor report. In some implementations, a femto node may
determine (e.g., estimate) RSSI and/or RSCP on behalf of its home access termunals.
For example, the signal strength determiner 226 may measure RSSI at the femto node
and the received pilot strength determiner 228 may measure RSCP at the temto node.
(0092] The femto node “1” may determine whether Ecp/lo_i1s less than or cqual to

€ty
1

a threshold to determine whether coverage for the access terminal “1” 1s acceptable. If

coverage is acceptable, the operational flow may return back to block 704 where the
femto node 1" waits to receive the next neighbor report. In this way, the femto node
may repeatedly monitor conditions at its home access terminals over time.

[0093] If coverage is not acceptable at block 708, the femto node 17 may
commence operations to adjust the transmit power of one or more neighboring temto
nodes. Initially, as represented by block 710, the femto node “1” may set 1ts transmit
power to the maximum allowed value (e.g., the maximum value discussed at block

L2
1

702). Here, the transmit power of the femto node “i” may have been reduced after it

was set the maximum value at block 702, for example, if the femto node “1” had obeyed
an intervening request from a neighboring femto node to reduce 1ts transmit power. in
some implementations, after increasing the transmit power, the femto node “1” may

determine whether the coverage for the access terminal “1” is now acceptable. 1f so, the

operational flow may return back to block 704 as discussed above. If not, the
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operational flow may proceed to block 712 as discussed below. In some ‘
implementations -the femto node “i” may perform the following operations without
checking the effect of block 710.

[0094] As represented by block 712, the femto node “1” (e.g., the transmit power
controller 208) may rank the femto nodes in the neighbor report by the strength of their
corresponding RSCPs as measured by the access terminal. A ranked list of the
potentially interfering nodes 246 may then be stored in the data memory 212. As will
be discussed below, the operational block 712 may exclude any neighboring femto node
that has sent a NACK in response to a request to reduce transmit power and where a
timer associated with that NACK has not yet expired.

[0095] As represented by block 714, the femto node “1” (e.g., the transmit power
controller 208) selects the strongest interfering neighboring femto node (e.g., femto
node “j”) and determines by how much that femto node should reduce its transmit
power to maintain a given Ecp/Io for access terminal “1” at the designated coverage
radius (path loss). In some aspects the amount (e.g., percentage) of power reduction
may be represented by a parameter alpha_p. In some aspects, the operations of block
714 may involve determining whether Ecp/lo_i is greater than or equal to a threshold as
discussed above.

[0096] ~Next, the femto node “1” (¢.g., the transmitter 204 and the communication

¢C12?

controller 210) sends a message to the femto node “j” requesting it to lower its power by

£ 29

the designated amount (e.g., alpha p). Sample operations that the femto node )™ may

perform upon receipt of such request are described below n conjunction with FIG. .

10097 ] As represented by block 716, the femto node “1” (e.g., the receiver 206 and
the communication controller 210) will receive a message from the femto node “j” in
response to the request of block 714. In the event the femto node *j” elected to reduce
its transmit power by the requested amount, the femto node “J” will respond to the

request with an acknowledgment (ACK). In this case, the operational flow may return

to block 704 as described above.
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[0098] In the event the femto node “3” elected to not reduce 1ts transmit power by
the requested amount, the femto node *}” will respond to the request with a negativﬂe
acknowledgment INACK). In its response, the femto node “)”” may indicate that 1t did
not reduce 1its power at all or that it reduced its power by a given amount less than the
requested amount. In this case, the operational flow may return to block 712 where the
femto node “1I”’ may re-rank the femto nodes in the neighbor report according to the
RSCP measured by the access terminal “1” (e.g., based on a newly received neighbor
report). Here, however, the femto node “j”” will be excluded from this ranking as long
as the timer associated with 1ts NACK has not expired. The operations of blocks 712
through 718 may thus be repeated until the femto node “1” determines that the Ecp/lo
for the access terminal “1” 18 at the target value or has improved as much as possible.

[0099] FIG. 8 illustrates sample operations that may be performed by a femto node
that receives a request to reduce transmit power. The receipt of such a request 18
represented by block 802. In an implementation where the node 200 of FIG. 2 1s also
capable of performing these operations, the operations of block 802 may be pertormed
at least in part by the receiver 206 and the communication controller 210, the operations
of blocks 804 - 808 and 812 - 814 may be performed at least in part by the transmit
power controller 208, and the operations of blocks 810 may be performed at least in part
by the transmitter 204 and the communication controller 210.

(00100} At blocks 804 and 806, the femto node determines whether coverage for one

or more home access terminals will be acceptable if the transmit power 18 adjusted as

requested. For example, the femto node “j” may evaluate a request to lower 1ts transmit
power to alpha p*HNB Tx j by determining whether each of its access terminals may
pass a test similar to the test of described at block 706. Here, the femto node “)” may
determine whether the Ecp/Io of an associated access terminal at a designated coverage
radius is greater than or equal to a threshold value.

[00101] If coverage is acceptable at block 806, the femto node ) reduces its
transmit power by the requested amount for a defined period of time (block 303). At

block 810, the femto node “3” responds to the request with an ACK. The operational
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flow may then return to block 802 whereby the femto node processes any additional
requests to reduce transmit power as they are received.

[00102] If coverage 1S not acceptable at block 806, the femto node ) determines
how much 1t may lower 1ts transmit power such that the test of block 804 passes (block
812). Here, it should be appreciated that in some cases the temto node ) may elect to
not reduce its transmit power at all.

[00103] At block 814, the femto node “)” reduces its transmit power by the amount

determined at block 812, if applicable, for a defined period of time. This amount may

be represented by, for example, the value beta p*HNB Tx ;.

100104] At block & 16, the femto node “)” will then respond to the request with a
negative acknowledgment (NACK). In its response, the femto node “)” may indicate
that it did not reduce 1ts power at all or that it reduced its power by a given amount (e.g.,
beta p*HNB Tx j). The operational flow may then return to block 802 as described
above.

[00105] In some implementations, the femto node “1”” and the femto node “4”
maintain respective timers that count for a defined period time 1n conjunction with an
ACK or a NACK. Here, after 1ts timer expires, the temto node “)”” may reset 1ts transmat
power back to the previous level. In this way, the femto node )" may avoid being
penalized in the event the femto node *“1” has moved.

[00106] Also, 1n some cases each femto node in the network may store the
measurements (e.g., the neighbor reports) that 1t received from an access terminal the
last time the access terminal connected with the femto node. In this way, in the event
no access terminals are currently connected to the temto node, the temto node may
calculate a minimum transmit power to ensure Ecp/lo coverage for initial acquisition.

[(00107] [f the femto node has sent requests to all neighboring femto nodes to reduce
their power and cannot yet maintain the desired coverage at the specified coverage
radius, the femto node may calculate how much its common pilot Ec/lor needs to be

increased above 1ts default level to reach the target coverage. The femto node may then

raise the fraction of its pilot power accordingly (e.g., within a preset maximum value).
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[00108] An implementation that utilizes a scheme such as the one described above to
maintain a coverage radius may thus be used to effectively set transmit power values 1n
a network. For example, such a scheme may set a lower bound on the geometry (and
throughput) an access terminal will have if it is within the designated coverage radius.
Moreover, such a scheme may result in power profiles being more static whereby a

power profile may only change when a femto node 1s added to or removed from the

network. In some implementations, to eliminate further CPICH outage the above

scheme may be modified such that the CPICH Ec/Ior is adapted according to
measurements collected at the temto node.

[00109] A given femto node may perform the operations of blocks 704 - 718 tor all
of its associated access terminals. If more than one access terminal 18 associated with a
femto node, the femto node may send a request to an interfering femto node whenever
any one of its associated access terminals 18 being mtertered with.

[00110] Similarly when evaluating whether or not to respond to a request to reduce
transmit power, a femto node performs the test of block 804 for all its associated access
terminals. The femto node may then select the minimum power that will guarantee an
acceptable performance to all its associated access terminals.

[00111] In addition, each femto node in the network may perform these operations
for its respective access terminals. Hence, each node in the network may send a request
to a neighboring node to reduce transmit power or may receive a request from a
neighboring node to reduce transmit power. The femto nodes may perform these
operations in an asynchronous manner with respect to one another.

[00112] As mentioned above, in some implementations a quality of service criterion
(e.g., throughput) may be employed to determine whether to reduce transmit power of a

femto node. Such a scheme may be employed 1n addition to or instead of the above

scheme.

- {00113] In a similar manner as discussed above, RSCP 1 j 1s defined as the CPICH

RSCP of femto node “;” (HNB j) as measured by access terminal “1” (HUE_1). RSSI 1

is the RSST as measured by access terminal “1.” Ecp/lo_1 and Ecp/Nt 1, respectively,
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are the CPICH Ecp/lo and the CPICH SINR (signal to interference and noise ratio) ot

access terminal “i” from its associated femto node “i” (HNB _1). The femto node

calculates the following:

_ RSCP ;
(Ecp/lo 1) = D __.1
RSSL1 ‘ EQUATION 10
SINR i = —SCP_1(Eepilon) EQUATION 11

RSSI 1 - RSCP_1/(Ecp/lor)

where Ecp/Ior is the ratio of the CPICH pilot transmit power to the total power of the cell.

[00114] The femto node estimates the Ecp/Io of the home access terminal 1f 1t were at

the edge of the femto node coverage corresponding to a path loss of PLung_coverage:

RS CP _iwi HNB Coverage
RSSI i EQUATION 12

/ : __
(Ecp/ 10_1) HNB Coverage

100115] where RSCP 1 1gNB cCoverage 18 the received pilot strength at access terminal
“i” from its own femto node “i” at the edge of the femto node “i” coverage. The edge of

coverage corresponds to a path loss (PL) from the femto node equal PLing_coverage and

RSCP_l_l HNB Coverage — HNB_TX_l * (ECP/IOI.)/PL HNB Coverage EQUATION 13

[00116] Let (Ecp/lo) Trgt A be a threshold on the CPICH Ecp/lo preconfigured in

the femto node. The femto node checks the following:

(Ecp/To_1)inp coverge > (Ecp/10)_Trgt A 2 EQUATION 14

[00117] If the answer is YES, the femto node does not send a request to reduce

transmit power. If the answer is NO, the femto node sends a request to reduce transmit
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power as described below. In addition, or alternatively, the femto node may perform a
similar test relating to throughput (e.g., SINR_1).

[00113] The femto node sets its power to the maximum allowed by the macro cell
coverage hole condition. The femto node “1” ranks the neighbor cells i descending
order of the home access terminal’s reported RSCP. The femto node “1” picks the
neighbor cell femto node “)” with the highest RSCP value, RSCP i j.

{8192

[00119] The serving femto node “i” calculates how much femto node “J” needs to

&3 2% ¢

lower its transmit power such that the performance of its access terminal “1”" improves.

Let (Ecp/Io) Trgt A be atarget CPICH Ecp/Io for the home access terminal that 1s
preconfigured in the femto node. This target Ecp/Io can be chosen such that home
access terminals are not in outage. It can also be more aggressive to guarantee a
minimum geometry of the home access terminals to maintain a certain data throughput

T3EL
1

or performance criteria. The desired RSCP_1_j_trgt scen by access terminal “1” from

neighbor femto node “j” to maintain (Ecp/lo) Trgt A may be calculated as:

(Ecp/Ior) * RSCP _1_1y\p coverage

RSCP 1) Trgt=
L (Ecp/lo) Trgt A

(Ecp/lor)* RSSI 1+ RSCP 1 ]

EQUATION 15

[00120] In addition, or alternatively, the femto node may perform a similar test
relating to throughput. The femto node “i” calculates the ratio alpha_p_j by which

femto node “j” should lower 1ts power as:

alpha_pJ = RSCP 1 7 Trgt/RSCP_i_j EQUATION 16

€L

[00121] The femto node “i” sends a request to femto node “j” to lower its transmit

power by a ratio alpha_p_j. As discussed herein this request may be sent through upper

ee 72

layer signaling (backhaul) to a centralized algorithm or sent to femto node directly

from femto node “1.”
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[00122] The femto node “j” evaluates whether it may respond to the request of femto
node “i”” by making its transmit power HNB_ Tx new j =alpha p_j * HNB_Tx_},
where HNB Tx j is set as above. In some implementations the femto node *j” checks
two tests.

[00123] Test 1: This test is based on the scheme previously described for FIG. 7.
The CPICH Ecp/lo of an associated home access terminal, which 1s away from the
femto node ¢j” by the coverage radius, is above a certain threshold (Ecp/lo)_Trgt B.

This test is to guarantee that its own UE have an acceptable performance within a

certain radius around the femto node and another registered home access terminal can

also acquire the femto node. This is calculated as follows:

RS CPJ _.] HNB_ Coverage
RSSI_) EQUATION 17

(ECp/ IO_j)HNB_Covcrage =

[00124] where RSSI j and RSCP _j_j are the RSSI and RSCP reported by HUE_j at
the coverage radius (or otherwise estimated by HNB_j) to femto node “j” before

transmit power modification. The test 1S

| - ~ o ..
(ECp/ IO_.])HNB__Coverage > (“'CP/IO)—Trgt —43 ' EQUATION 13

[00125] Test 2: The CPICH SINR of HUE j 1s greater than a certain target to

maintain a certain performance criterion (e.g., quality of service such as throughput):

SINR new j> SINR Trgt ? EQUATION 19

where

alpha p j* RSCP j j

SINR new j= _ —
B RSSI j-RSCP_j j/(Ecp/lor)

—

EQUATION 20
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[00126] If either or both tests pass (depending on the particular implementation),
femto node “j” lowers its transmit power to be alpha_p j*HNB_Tx_j and sends an

ACK to femto node “i”, given that the new power is above the minimum allowed (e.g. -

20 dBm).

00127] If one or both tests fail, femto node “j” does not lower its transmit power to

the required value. Instead, it calculates how much it can lower its<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>