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Description

BACKGROUND

I. Field

[0001] The present disclosure relates generally to communication, and more specifically to data transmission tech-
niques for a wireless communication system.

II. Background

[0002] Wireless communication systems are widely deployed to provide various communication content such as voice,
video, packet data, messaging, broadcast, etc. These wireless systems may be multiple-access systems capable of
supporting multiple users by sharing the available system resources. Examples of such multiple-access systems include
Code Division Multiple Access (CDMA) systems, Time Division Multiple Access (TDMA) systems, Frequency Division
Multiple Access (FDMA) systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-FDMA) systems.
[0003] A wireless communication system may include a number of base stations that can support communication for
a number of terminals. A terminal may communicate with a base station via the forward and reverse links. The forward
link (or downlink) refers to the communication link from the base station to the terminal, and the reverse link (or uplink)
refers to the communication link from the terminal to the base station.
[0004] A base station may transmit data to one or more terminals on the forward link and may receive data from one
or more terminals on the reverse link. On the forward link, data transmission from the base station may observe inter-
ference due to data transmissions from neighbor base stations. On the reverse link, data transmission from each terminal
may observe interference due to data transmissions from other terminals communicating with the neighbor base stations.
For both the forward and reverse links, the interference due to interfering base stations and interfering terminals may
degrade performance.
[0005] There is therefore a need in the art for techniques to mitigate interference in order to improve performance.

SUMMARY

[0006] The invention is set out in the appended set of claims. In accordance with the invention, a method for wireless
communication is provided in accordance with claim 1; an apparatus for wireless communication is provided in accordance
with claim 10; and a computer program product is provided in accordance with claim 11. The embodiments and/or
examples of the following description which are not covered by the appended claims are considered as not being part
of the present invention. Techniques for transmitting data with short-term interference mitigation in a wireless commu-
nication system are described herein. The techniques may be used to mitigate (e.g., to avoid or reduce) interference
from interfering base stations or interfering terminals in order to improve performance. The interference mitigation may
be short term and applied for a packet, a set of packets, a frame, a set of frames, etc. The interference mitigation may
be invoked when high interference is observed instead of all the time. The techniques may be used for data transmission
on the forward link as well as the reverse link.
[0007] In one design, a first station (e.g., a base station or a terminal) may receive a message sent by a second station
to request reduction of interference on at least one resource. In response to receiving the message, the first station may
determine a first transmit power level to use for the at least one resource based on one or more factors such as a priority
metric sent in the message, the buffer size at the first station, etc. The first station may send a power decision pilot at a
second transmit power level determined based on the first transmit power level. The first station may set the second
transmit power level equal to the first transmit power level or a scaled version of the first transmit power level. The first
station may send the pilot on the at least one resource in a first time period and may use the first transmit power level
for the at least one resource in a second time period later than the first time period.
[0008] Various aspects and features of the disclosure are described in further detail below. US 2007/105574 describes
systems and methods that facilitate evaluating conditions of nodes in a wireless communication environment to determine
a level of disadvantage for a given node relative to other nodes. WO 2007/024895 describes a system for reducing
interference in a first wireless network from a second wireless network. WO 2009/039404 describes techniques for
transmitting data with hybrid automatic retransmission (HARQ) and interference mitigation. WO 2007/044281 describes
a method for controlling downlink transmission power of signals transmitted from a serving base station to a wireless
transmit/receive unit (WTRU) in a packet-switched data based system.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 shows a wireless communication system.
FIG. 2 shows data transmission with hybrid automatic retransmission (HARQ).
FIG. 3 shows a binary channel tree for a set of subcarriers.
FIG. 4 shows data transmission on the forward link (FL).
FIG. 5 shows FL data transmission with short-term interference mitigation.
FIG. 6 shows data transmission on the reverse link (RL).
FIG. 7 shows RL data transmission with short-term interference mitigation.
FIG. 8 shows multiplexing of FL data transmission and RL data transmission with short-term interference mitigation.
FIGS. 9 and 10 show a process and an apparatus, respectively, for sending a power decision pilot.
FIGS. 11 and 12 show a process and an apparatus, respectively, for sending a power decision pilot by a terminal.
FIGS. 13 and 14 show a process and an apparatus, respectively, for advertising transmit power in advance.
FIGS. 15 and 16 show a process and an apparatus, respectively, for receiving a power decision pilot.
FIG. 17 shows a block diagram of a terminal and two base stations.

DETAILED DESCRIPTION

[0010] The techniques described herein may be used for various wireless communication systems such as CDMA,
TDMA, FDMA, OFDMA, SC-FDMA and other systems. The terms "system" and "network" are often used interchangeably.
A CDMA system may implement a radio technology such as Universal Terrestrial Radio Access (UTRA), cdma2000,
etc. UTRA includes Wideband CDMA (WCDMA) and other variants of CDMA. cdma2000 covers IS-2000, IS-95 and IS-
856 standards. A TDMA system may implement a radio technology such as Global System for Mobile Communications
(GSM). An OFDMA system may implement a radio technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband
(UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA are part of
Universal Mobile Telecommunication System (UMTS). 3GPP Long Term Evolution (LTE) is an upcoming release of
UMTS that uses E-UTRA, which employs OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS,
LTE and GSM are described in documents from an organization named "3rd Generation Partnership Project" (3GPP).
cdma2000 and UMB are described in documents from an organization named "3rd Generation Partnership Project 2"
(3GPP2).
[0011] FIG. 1 shows a wireless communication system 100, which may include a number of base stations 110 and
other network entities. A base station may be a fixed station that communicates with the terminals and may also be
referred to as an access point, a Node B, an evolved Node B, etc. Each base station 110 may provide communication
coverage for a particular geographic area. The term "cell" can refer to a coverage area of a base station and/or a base
station subsystem serving this coverage area, depending on the context in which the term is used. A base station may
provide communication coverage for a macro cell, a pico cell, a femto cell, and/or other types of cell. A macro cell may
cover a relatively large geographic area (e.g., several kilometers in radius) and may support communication for all
terminals with service subscription in the system. A pico cell may cover a relatively small geographic area and may
support communication for all terminals with service subscription. A femto cell may cover a relatively small geographic
area (e.g., a home) and may support communication for a set of terminals having association with the femto cell (e.g.,
terminals belonging to residents of the home). The terminals supported by a femto cell may belong in a closed subscriber
group (CSG). The techniques described herein may be used for all types of cell.
[0012] A system controller 130 may couple to a set of base stations and provide coordination and control for these
base stations. System controller 130 may be a single network entity or a collection of network entities. System controller
130 may communicate with the base stations via a backhaul, which is not shown in FIG. 1 for simplicity.
[0013] Terminals 120 may be dispersed throughout the system, and each terminal may be stationary or mobile. A
terminal may also be referred to as an access terminal, a mobile station, a user equipment, a subscriber unit, a station,
etc. A terminal may be a cellular phone, a personal digital assistant (PDA), a wireless modem, a wireless communication
device, a handheld device, a laptop computer, a cordless phone, a wireless local loop (WLL) station, etc. A terminal
may communicate with a serving base station and may cause interference to and/or receive interference from one or
more interfering base stations. A serving base station is a base station designated to serve a terminal on the forward
and/or reverse link. An interfering base station is a base station causing interference to a terminal on the forward link.
An interfering terminal is a terminal causing interference to a base station on the reverse link. In FIG. 1, a solid line with
double arrows indicates a desired data transmission between a terminal and a serving base station. A dashed line with
double arrows indicates an interfering transmission between a terminal and an interfering base station.
[0014] The system may support HARQ in order to improve reliability of data transmission. For HARQ, a transmitter
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may send a transmission of data and may send one or more additional transmissions, if needed, until the data is decoded
correctly by a receiver, or the maximum number of transmissions has been sent, or some other termination condition is
encountered.
[0015] FIG. 2 shows an example data transmission on the reverse link with HARQ. The transmission timeline may be
partitioned into units of frames. Each frame may cover a predetermined time duration, e.g., 1 milliseconds (ms). A frame
may also be referred to as a subframe, a slot, etc.
[0016] A terminal may have data to send on the reverse link and may send a resource request (not shown in FIG. 2).
A serving base station may receive the resource request and may return a resource grant. The terminal may process a
packet of data and send a transmission of the packet on the granted resource. The serving base station may receive
the transmission from the terminal and decode the packet. The serving base station may send an acknowledgement
(ACK) if the packet is decoded correctly or a negative acknowledgement (NAK) if the packet is decoded in error. The
terminal may receive the ACK/NAK feedback, send another transmission of the packet if a NAK is received, and either
terminate or send a transmission of a new packet if an ACK is received.
[0017] M HARQ interlaces with indices of 0 through M -1 may be defined for each of the forward and reverse links,
where M may be equal to 4, 6, 8 or some other integer value. The HARQ interlaces may also be referred to as HARQ
instances. Each HARQ interlace may include frames that are spaced apart by M frames. For example, HARQ interlace
m may include frames m, m + M, m + 2M, etc., where m ∈ {0, ..., M-1}. A packet may be sent on one HARQ interlace,
and all transmissions of the packet may be sent in frames that are spaced apart by M frames. Each transmission of the
packet may be referred to as an HARQ transmission.
[0018] The M HARQ interlaces for the forward link may be associated with the M HARQ interlaces for the reverse link.
In one design, HARQ interlace m on the forward link may be associated with HARQ interlace r = {(m + Δ) mod M} on
the reverse link, where Δ is a frame offset between the forward and reverse links, and "mod" denotes a modulo operation.
In one design, Δ may be equal to M/2, and each HARQ interlace on the forward link may be associated with an HARQ
interlace on the reverse link that is M/2 frames away.
[0019] The system may utilize orthogonal frequency division multiplexing (OFDM) or single-carrier frequency division
multiplexing (SC-FDM) for each of the forward and reverse links. OFDM and SC-FDM partition the system bandwidth
into multiple (K) orthogonal subcarriers, which are also commonly referred to as tones, bins, etc. The spacing between
adjacent subcarriers may be fixed, and the total number of subcarriers (K) may be dependent on the system bandwidth.
For example, K may be equal to 128, 256, 512, 1024 or 2048 for system bandwidth of 1.25, 2.5, 5, 10 or 20 MHz,
respectively. Each subcarrier may be modulated with data. In general, modulation symbols are sent in the frequency
domain with OFDM and in the time domain with SC-FDM.
[0020] In one design, the K total subcarriers may be grouped into resource blocks. Each resource block may include
N subcarriers (e.g., N = 12 subcarriers) in one slot. A slot may span 0.5 ms or some other duration. The available resource
blocks may be assigned to the terminals for data transmission.
[0021] In another design, a channel tree may be used to identify resources. The channel tree may constrain grouping
of resources, which may reduce overhead to convey the resources.
[0022] FIG. 3 shows a design of a channel tree 300 for a case in which 32 subcarrier sets are available. Each subcarrier
set may include a predetermined number of subcarriers. In channel tree 300, 32 nodes may be formed in tier 1 with the
32 subcarrier sets, 16 nodes may be formed in tier 2 with the 32 nodes in tier 1, eight nodes may be formed in tier 3
with the 16 nodes in tier 2, four nodes may be formed in tier 4 with the eight nodes in tier 3, two nodes may be formed
in tier 5 with the four nodes in tier 4, and one node may be formed in tier 6 with the two nodes in tier 5. Each node in
tiers 2 through 6 may be formed with two nodes in the tier immediately below.
[0023] Each node in the channel tree may be assigned a unique channel identifier (ID). The nodes may be assigned
sequentially numbered channel IDs from top to bottom and from left to right for each tier, as shown in FIG. 3. The topmost
node may be assigned a channel ID of 0 and may include all 32 subcarrier sets. The 32 nodes in the lowest tier 1 may
be assigned channel IDs of 31 through 62 and may be called base nodes.
[0024] The tree structure shown in FIG. 3 places certain restrictions on assignment of subcarriers. For each node that
is assigned, all nodes that are subsets (or descendants) of the assigned node and all nodes for which the assigned node
is a subset are restricted. The restricted nodes are not used concurrently with the assigned node so that no two nodes
use the same subcarrier set at the same time.
[0025] The available frequency and/or time resources may also be partitioned and identified in other manners. The K
total subcarriers may also be partitioned into subbands. Each subband may include a predetermined number of sub-
carriers, e.g., 72 subcarriers in 1.08 MHz.
[0026] A terminal may communicate with a serving base station on the forward and/or reverse link. On the forward
link, the terminal may observe high interference from an interfering base station. This may be the case, e.g., if the serving
base station covers a pico cell or a femto cell and has much lower transmit power than the interfering base station. On
the reverse link, the serving base station may observe high interference from an interfering terminal. The interference
on each link may degrade performance of data transmission sent on that link. The interference mitigation may also steer
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the interfering transmission away from a station observing high interference.
[0027] In an aspect, short-term interference mitigation may be used to mitigate (e.g., to avoid or reduce) interference
on a given link in order to improve performance of data transmission. The interference mitigation may blank or reduce
transmit power of interfering transmissions so that a higher signal-to-noise-and-interference ratio (SINR) can be achieved
for a desired data transmission.
[0028] A set of messages and/or a set of control channels may be used to support short-term interference mitigation
on the forward link (FL) and reverse link (RL). Table 1 lists a set of messages that may be used for short-term interference
mitigation, in accordance with one design. A pilot is a transmission that is known a priori by both a transmitter and a
receiver and may also be referred to as a reference signal, a preamble, a training sequence, etc. A pilot may be considered
as a message that carries information in the signal itself instead of its content.

[0029] The messages in Table 1 may also be referred to by other names. For example, the interference mitigation
trigger message may also be referred to as a pre forward link assignment block (pre-FLAB), the transmit capability
request message may also be referred to as a pre reverse link assignment block (pre-RLAB), the FL resource grant
may also be referred to as a forward link assignment block (FLAB), the RL resource grant may also be referred to as a
reverse link assignment block (RLAB), and the reduce interference request message may also be referred to as a
resource utilization message (RUM). Different and/or additional messages may also be used for short-term interference
mitigation. The information carried by the messages in Table 1 may also be conveyed in other manners. For example,
the transmit power level to be used on a resource may be sent in a message instead of conveyed in a pilot. For clarity,
much of the description below assumes the use of the messages shown in Table 1.
[0030] Short-term interference mitigation may be achieved through use of reduce interference request messages.
These messages may be sent by terminals to contend for resources on the forward link and may also be sent by base
stations to contend for resources on the reverse link. These messages may enable orthogonalization of data transmissions
across neighboring cells on a short-term basis.
[0031] In general, a resource may cover any frequency and/or time dimension and may be conveyed in any manner.
In one design, a resource may cover a variable frequency dimension and may be identified by a channel ID for a node
on a channel tree, e.g., as shown in FIG. 3. In another design, a resource may cover a fixed frequency dimension, e.g.,
a predetermined number of subcarriers. A resource may also cover a fixed or variable time duration. As some examples,
a resource may cover a specific subband in a specific frame, a specific resource block, a specific time frequency block, etc.
[0032] FIG. 4 shows data transmission on the forward link in the presence of interference. A serving base station 1
10x may send a data transmission on the forward link to a terminal 120x. Terminal 120x may also receive an interfering
transmission from an interfering base station 110y. This interfering transmission may be intended for another terminal
not shown in FIG. 4. If the desired data transmission and the interfering transmission are sent on the same resource,
then terminal 120x may not be able to decode the data transmission from serving base station 110x.
[0033] Terminal 120x may not be communicating with interfering base station 110y for data transmission. Nevertheless,
terminal 120x may be able to reliably send messages to and receive messages from interfering base station 110y. In
one design, messages such as those shown in Table 1 may be sent on resources allocated for these messages. These
messages may then avoid interference due to other transmissions. In general, the messages used for short-term inter-
ference mitigation may be sent in any manner such that they can be reliably received by the recipient base stations/ter-
minals, even when there are dominant interferers.

Table 1

Message/Pilot Description

Interference mitigation 
trigger

Message sent to a terminal to trigger short-term interference mitigation and to request 
the terminal to clear interference from interfering base stations on the forward link.

Transmit capability 
request

Message sent to a terminal to request transmit capability of the terminal, e.g., to trigger 
transmission of a power decision pilot by the terminal on the reverse link.

FL resource grant Message assigning forward link resource to a terminal.

RL resource grant Message assigning reverse link resource to a terminal.

Reduce interference 
request

Message asking interfering base stations or interfering terminals to reduce interference 
on specified resource(s).

Power decision pilot
Pilot sent at a power level and/or a beam direction to be used by an interfering base 
station or an interfering terminal on the specified resource(s).

Resource quality indicator Indicate channel quality of the specified resource(s).
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[0034] FIG. 5 shows a timing diagram of a design of a scheme 500 for forward link data transmission with short-term
interference mitigation. A serving base station may have data to send to a terminal and may have knowledge that the
terminal is observing high interference on the forward link. The serving base station may receive pilot measurement
reports from the terminal, and the reports may indicate and/or identify strong interfering base stations.
[0035] The serving base station may send an interference mitigation trigger message (or simply, a trigger message)
to the terminal in frame t to trigger short-term interference mitigation. The trigger message may direct the terminal to
ask interfering base stations to reduce interference on the forward link. The serving base station may also send the
trigger message in order to obtain an accurate channel quality report from the terminal and may use this report to make
a decision on short-term interference mitigation. In any case, the trigger message may identify one or more specific
resources on which to reduce interference, a priority of the data to send, and/or other information. Each specified resource
may be given by a channel ID for a channel tree, a subband index, a resource block index, etc.
[0036] The terminal may receive the trigger message from the serving base station and may send a reduce interference
request message on the reverse link in frame t + Δ. In one design, the terminal may send the reduce interference request
message only to base stations that are dominant interferers to the terminal on the forward link. The terminal may identify
these dominant interfering base stations based on forward link pilots received from these base stations. In another
design, the terminal may send the reduce interference request message to all neighbor base stations that can receive
the message. In general, the reduce interference request message may be a unicast message sent to a specific base
station, a multi-cast message sent to a set of base stations, or a broadcast message sent to all base stations. In any
case, the reduce interference request message may ask the interfering base stations to reduce interference on one or
more specified resources, e.g., to blank transmission on the specified resource(s), to reduce transmit power to an
acceptable level, or to beamsteer in a direction different from the terminal. The reduce interference request message
may include a priority metric indicating the urgency of the request, which may be used by the interfering base stations
in making decisions on whether to grant or dismiss the request. The specified resource(s) and the priority metric sent
in the reduce interference request message may be obtained directly from the interference mitigation trigger message
or may be determined in other manners. The reduce interference request message may be sent Δ frames from when
the trigger message was received, as shown in FIG. 5, where Δ may be a fixed offset between a forward link HARQ
interlace and an associated reverse link HARQ interlace.
[0037] An interfering base station may receive the reduce interference request message from the terminal and may
decide to reduce or blank transmission on the one or more specified resources. The interfering base station may determine
a transmit power level that it will use on each specified resource based on its forward link buffer status, the reduce
interference request messages received from other terminals for that specified resource, etc. For example, the interfering
base station may determine whether to grant or dismiss the reduce interference request message based on the priority
metric in the message, the forward link buffer status of the interfering base station, etc. The interfering base station may
also determine the transmit power level that it will use for each specified resource based on the received powers and/or
contents of the reduce interference request messages from all terminals. For example, the interfering base station may
estimate the pathloss for each terminal based on the received power of the reduce interference request message from
that terminal. The interfering base station may then determine the transmit power level that it will use based on the
estimated pathloss for the terminal and target interference levels for the other terminals.
[0038] In one design, the interfering base station may convey the transmit power level that it will use for each specified
resource via a power decision pilot sent at that transmit power level (or a related transmit power level) on a corresponding
resource. The corresponding resource may cover the same frequency as the specified resource but may occur M frames
earlier on the same forward link HARQ interlace. The interfering base station may send the power decision pilot on the
corresponding resource in frame t + M , and the transmit power level for this pilot may be related to (e.g., equal to) the
transmit power level that the interfering base station intend to use for the specified resource in frame t + 2M . The transmit
power level indicated via the power decision pilot may be a tentative transmit power decision. The interfering base station
may use a higher or lower transmit power level on a specified resource based on quality of service (QoS), channel quality
conditions, and/or other factors. Although not shown in FIG. 5, the serving base station may also receive reduce inter-
ference requests from other terminals observing high interference from this base station. The serving base station may
also send a power decision pilot to these other terminals or may broadcast the power decision pilot to all terminals that
can receive the pilot.
[0039] The terminal may receive power decision pilots from all interfering base stations and may estimate the channel
quality for each specified resource based on the received pilots. The power decision pilots may allow the terminal to
more accurately estimate the channel quality. The terminal may determine a resource quality indicator (RQI) value for
each specified resource based on the estimated channel quality for that resource and estimated interference levels. For
example, an RQI value for a given resource may be determined based on (i) the channel quality estimated based on
the pilot from the serving base station and (ii) the interference estimated based on the pilots from the interfering base
stations. The terminal may also determine a single RQI value for all specified resources. In any case, an RQI value may
indicate an SINR value, a data rate, or some other information for the resource(s) covered by the RQI value. The terminal
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may send RQI information comprising one or more RQI values for the corresponding resource(s) in frame t + Δ + M.
The RQI information may also be referred to as channel quality indicator (CQI) information.
[0040] The serving base station may receive the RQI information from the terminal and may schedule the terminal for
data transmission on one or more assigned resources. Each assigned resource may correspond to all or a subset of a
specified resource. The serving base station may select a modulation and coding scheme (MCS) based on the RQI
information for the assigned resource(s). A MCS may also be referred to as a transport format, a packet format, a rate,
etc. The serving base station may process data for the terminal in accordance with the MCS. The serving base station
may generate an FL resource grant, which may include the assigned resource(s), the MCS, and/or other information.
The serving base station may send the FL resource grant and a transmission of data to the terminal in frame t + 2M .
[0041] The terminal may receive the FL resource grant from the serving base station and may obtain the assigned
resource(s) and the MCS. The terminal may receive the transmission of data on the assigned resource(s), decode the
received transmission in accordance with the MCS, and generate an ACK or a NAK based on the decoding result. The
terminal may send the ACK or NAK to the serving base station in frame t + Δ + 2M . The serving base station may send
another transmission of the data in frame t + 3M if a NAK is received and may either terminate or send a transmission
of new data if an ACK is received.
[0042] FIG. 5 shows a specific design of short-term interference mitigation on the forward link. Short-term interference
mitigation on the forward link may also be implemented with other designs.
[0043] The reduce interference request message may ask an interfering base station to reduce interference by reducing
transmit power (as described above) and/or by beamsteering its power in a direction different from the terminal, e.g., by
placing the terminal in a spatial null. Beamsteering may be performed based on spatial information, which may comprise
precoding weights (e.g., a precoding matrix or vector), a channel estimate, and/or other information used by a transmitter
to spatially steer its power. The spatial information may be obtained or provided in various manners. In one design, the
reduce interference request message may include a terminal ID. A spatial channel between an interfering base station
and the terminal may be known to the interfering base station, e.g., on a long-term basis. In another design, the message
may be sent in a unicast manner to an interfering base station and may include information on the spatial channel or a
preferred beam between that base station and the terminal. In yet another design, reciprocity between the forward and
reverse links may be assumed, e.g., due to use of time division duplexing (TDD). An interfering base station may then
estimate a reverse link channel for the terminal based on the message and may use the reverse link channel estimate
as a forward link channel estimate. For all of the designs, an interfering base station may derive precoding weights based
on information on the spatial channel or may be provided with the precoding weights. The interfering base station may
then perform beamsteering with the precoding weights.
[0044] In the design shown in FIG. 5, the interfering base station may transmit a power decision pilot at the transmit
power level that will be used on the specified resource(s). In another design, the interfering base station does not transmit
a power decision pilot and does not sent a message in response to the reduce interference request message from the
terminal. In this design, an assumption may be made that the interfering base station will not transmit on the specified
resource(s), and the RQI may be determined assuming no interference from the interfering base station. In yet another
design, the interfering base station does not transmit a power decision pilot or a message if it will not transmit on the
specified resource(s) and transmits a power decision pilot or a message if it will transmit on the specified resource(s).
In yet another design, the interfering base station may send a message containing the transmit power level that it will
use on the specified resource(s). In yet another design, the interfering base station may provide spatial information in
the power decision pilot. For example, the interfering base station may indicate a beam direction in addition to the transmit
power level to be used on the specified resource(s) in a future frame. The interfering base station may achieve this by
adjusting the transmit power for each transmit antenna at the base station. In yet another design, the interfering base
station may send spatial information (e.g., precoding weights) separate from and in addition to the power decision pilot.
[0045] In one design, the interfering base station may reduce interference for one HARQ transmission, which may be
for the first transmission of a packet. The same procedure may be repeated for each HARQ transmission to reduce
interference. In another design, the interfering base station may reduce interference for L HARQ transmissions (e.g.,
on the same HARQ interlace), where L may be any integer value. For example, a packet may be processed (e.g.,
encoded and modulated) such that it can be reliably decoded after a target number of HARQ transmissions, and L may
be equal to this target number. In yet another design, the interfering base station may reduce interference for multiple
HARQ interlaces. The identities of these HARQ interlaces may be conveyed in the interference mitigation trigger message
and/or the reduce interference request message. Alternatively, these HARQ interlaces may be known a priori by all base
stations and terminals and would not need to be sent.
[0046] FIG. 6 shows data transmission on the reverse link in the presence of interference. Terminal 120x may send
a data transmission on the reverse link to serving base station 110x. Serving base station 110x may also receive an
interfering transmission from an interfering terminal 120y. This interfering transmission may be intended for neighbor
base station 110y. If the desired data transmission and the interfering transmission are sent on the same resource, then
serving base station 110x may not be able to decode the data transmission from terminal 120x. Terminal 120x may not
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be communicating with base station 110y for data transmission. Nevertheless, terminal 120x may be able to reliably
send messages to and receive messages from base station 110y. Similarly, interfering terminal 120y may be able to
reliably exchange messages with serving base station 110x.
[0047] FIG. 7 shows a timing diagram of a design of a scheme 700 for reverse link data transmission with short-term
interference mitigation. A terminal may have data to send to a serving base station and may send a resource request
in frame t. The resource request may include a buffer size at the terminal, an indication of the urgency of the resource
request, etc. The resource request may be sent in any frame since it typically does not carry information on a specific
resource. The serving base station may receive the resource request and may send a transmit capability request message
to the terminal in frame t + Δ to ask for the transmit power capability of the terminal on a specific resource, e.g., to ask
the terminal to transmit a power decision pilot on the specified resource. The transmit capability request message may
include a priority metric for the request and/or other information. The serving base station may also send a reduce
interference request message on the forward link in frame t + Δ to ask interfering terminals to reduce interference (e.g.,
to blank or lower their transmit powers to an acceptable level) on the specified resource. The reduce interference request
message may include a priority metric indicating the urgency of the request, which may be used by the interfering
terminals to make decisions on whether to grant or dismiss the request. The serving base station may send the transmit
capability request message and the reduce interference request message in the same frame, as shown in FIG. 7, or in
different frames.
[0048] The terminal may receive the transmit capability request message from the serving base station and may also
receive reduce interference request messages from neighbor base stations. For simplicity, only one neighbor base
station is shown in FIG. 7. The terminal may first determine whether or not to obey the reduce interference request
message from each neighbor base station, e.g., based on the priority contained in the message. The terminal may then
determine the maximum transmit power level that it can use on the specified resource based on the reduce interference
request messages that the terminal will obey. The reduce interference request message from each neighbor base station
may indicate the amount of interference that base station can tolerate and may be sent at a known transmit power level,
which may be provided in the message or known a priori by the terminal. The terminal may estimate the pathloss for
each neighbor base station based on the known transmit power level and the received power level of the reduce inter-
ference request message from that base station. The terminal may assume equal pathloss for the forward and reverse
links and may determine the maximum transmit power level that the terminal can use in order to meet the interference
requirement of each neighbor base station. The terminal may convey this maximum transmit power level via a power
decision pilot that is sent at this transmit power level (or a scaled transmit power level) on a corresponding resource.
The corresponding resource may cover the same frequency as the specified resource but may occur M frames earlier
on the same reverse link HARQ interlace. The terminal may send the power decision pilot on the corresponding resource
in frame t + M, and the transmit power level for this pilot may be the maximum transmit power level that the terminal can
use for the specified resource in frame t + 2M. The transmit capability request message from the serving base station
in frame t + Δ may also carry a suggested transmit power level for the power decision pilot. In this case, the terminal
may adjust the suggested transmit power level based on the reduce interference request messages received from the
neighbor base stations.
[0049] The serving base station may receive the power decision pilots from the terminal as well as the interfering
terminals and may estimate the channel quality of the specified resource based on the received pilots. The power decision
pilots may allow the serving base station to more accurately estimate the channel quality and interference. For example,
the serving base station may estimate the channel quality based on the pilot from the terminal, estimate interference
based on the pilots from the interfering terminals, and determine an MCS for the terminal based on the channel equality
estimate and the interference estimate. The serving base station may schedule the terminal for data transmission on
the specified resource in accordance with the MCS. The serving base station may generate an RL resource grant, which
may include the assigned resource, the MCS, an assigned transmit power level to use for the assigned resource, and/or
other information. The assigned transmit power level may override the transmit power level indicated via the power
decision pilot. The serving base station may send the RL resource grant to the terminal in frame t + Δ + M. The terminal
may receive the RL resource grant from the serving base station and may obtain the assigned resource, the MCS, etc.
The terminal may send a transmission of data on the assigned resource in frame t + 2M .
[0050] The serving base station may receive the transmission of data from the terminal, decode the received trans-
mission, and generate an ACK or a NAK based on the decoding result. The serving base station may send the ACK or
NAK to the terminal in frame t + Δ + 2M. The terminal may send another transmission of the data in frame t + 3M if a
NAK is received and may either terminate or send a transmission of new data if an ACK is received.
[0051] FIG. 7 shows a specific design of short-term interference mitigation on the reverse link. Short-term interference
mitigation on the reverse link may also be implemented with other designs.
[0052] In the design shown in FIG. 7, the terminal may transmit a power decision pilot at the maximum transmit power
level that it can use on the specified resource. In another design, the terminal may send a message containing the
maximum transmit power level that it can use on the specified resource.
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[0053] In one design, the interfering terminals may reduce interference for one HARQ transmission, which may be for
the first transmission of a packet. The same procedure may be repeated for each HARQ transmission to reduce inter-
ference. In another design, the interfering terminals may reduce interference for L HARQ transmissions, e.g., on the
same HARQ interlace, where L may be any integer value. In yet another design, the interfering terminals may reduce
interference for multiple HARQ interlaces.
[0054] FIG. 8 shows a design of a scheme 800 for multiplexing forward link data transmission and reverse link data
transmission with short-term interference mitigation. FIG. 8 may be obtained by superimposing FIGS. 5 and 7. For clarity,
all of the transmissions for sending data on the forward link are shown with gray shading. As shown in FIG. 8, data
transmissions on the forward and reverse links may be efficiently multiplexed.
[0055] FIGS. 5 and 7 show designs in which the forward link transmissions from the serving base station and the
interfering base station are on one forward link HARQ interlace, and the reverse link transmissions from the terminal
are on one reverse link HARQ interlace. These designs may simplify operation of short-term interference mitigation and
may provide other advantages, as described below.
[0056] For the forward link short-term interference mitigation scheme shown in FIG. 5, an interference mitigation trigger
message may cause a reduce interference request message to be sent T1 frames later, which may cause a power
decision pilot to be sent T2 frames later, which may cause RQI information to be sent T3 frames later, which may cause
a transmission of data to be sent T4 frames later, where T1, T2, T3 and T4 may each be any suitable value. The forward
link transmissions may be sent on one HARQ interlace if T1 + T2 = T3 + T4 = M, as shown in FIG. 5. The reverse link
transmissions may be sent on one HARQ interlace if T2 + T3 = M, as also shown in FIG. 5.
[0057] For the reverse link short-term interference mitigation scheme shown in FIG. 7, a transmit capability request
message may cause a power decision pilot to be sent Ta frames later, which may cause an RL resource grant to be
sent Tb frames later, which may cause a transmission of data to be sent Tc frames later, where Ta, Tb and Tc may each
be any suitable value. The forward link transmissions may be sent on one HARQ interlace if Ta + Tb = M , as shown in
FIG. 7. The reverse link transmissions may be sent on one HARQ interlace if Tb + Tc = M , as also shown in FIG. 7.
[0058] In another design, interference mitigation trigger messages and reduce interference request messages for all
HARQ interlaces may be sent in a single HARQ interlace. A bitmap may cover different frames for different HARQ
interlaces and may indicate which messages are applicable for which HARQ interlaces.
[0059] In one design, the messages used for forward link short-term interference mitigation may be sent in frames
that are separated by predetermined spacing, e.g., as shown in FIG. 5. Similarly, the messages used for reverse link
short-term interference mitigation may be sent in frames that are separated by predetermined spacing, e.g., as shown
in FIG. 7. This design can implicitly provide time information, which may simplify operation and reduce overhead. In
another design, time information may be explicitly provided in messages. For example, a given message may request
a response to be sent a specified number of frames later or may specify a resource in a particular number of frames
later. This design may provide more flexibility.
[0060] The forward link short-term interference mitigation scheme in FIG. 5 may differ from the reverse link short-term
interference mitigation scheme in FIG. 7 in several respects. For the forward link, the serving base station may send an
interference mitigation trigger message to direct the terminal to send a reduce interference request message on the
reverse link. For the reverse link, the serving base station may send a transmit capability request message to direct the
terminal to send a power decision pilot on the reverse link.
[0061] The messages and pilot shown in Table 1 and FIGS. 5 and 7 may be sent in various manners and on various
channels. Table 2 lists some channels that may be used for the messages and pilot in accordance with one design.

Table 2

Message/Pilot Send on ... Description

Interference 
mitigation trigger

Forward link
Send on forward shared control channel (F-SCCH) or physical 
downlink control channel (PDCCH).

Transmit capability 
request

Forward link Send on F-SCCH or PDCCH.

FL resource grant Forward link Send on F-SCCH or PDCCH.

RL resource grant Forward link Send on F-SCCH or PDCCH.

Reduce interference 
request

Forward link or 
reverse link

Send on forward link RUM channel (F-RUM) or PDCCH for forward 
link.
Send on reverse link RUM channel (R-RUM) or physical uplink 
control channel (PUCCH) for reverse link.
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[0062] The messages and pilot shown in Table 1 and FIGS. 5 and 7 may also be sent in other manners. In another
design, the serving base station may send an interference mitigation trigger message or a transmit capability request
message with forward link data to the terminal. In yet another design, the serving base station may send the interference
mitigation trigger message and/or the reduce interference request message to neighbor base stations via the backhaul.
[0063] As noted above, the messages used for short-term interference mitigation may be sent such that they can be
reliably received by the recipient stations. In one design, a reduce interference request message may be sent on the
reverse link on a first segment that may be cleared of other reverse link transmissions. Similarly, a reduce interference
request message may be sent on the forward link on a second segment that may be cleared of other forward link
transmissions. This design may ensure that the reduce interference request messages can be reliably sent on the forward
and reverse links. In general, the messages may be sent on control channels that may be orthogonalized with respect
to the dominant interferers. The orthogonalization may be achieved by using resources (e.g., a set of subcarriers, a set
of frames, etc.) that are not used by the dominant interferers.
[0064] In one design, the messages used for short-term interference mitigation may be sent on a single HARQ interlace
on the forward link and on a single corresponding HARQ interlace on the reverse link. This design may allow for efficient
resource partitioning between different base stations (e.g., of different power classes) as well as between an access
link and a backhaul link of relay stations. For this design, resource partitioning may be achieved with a granularity of
one HARQ interlace on each link, since the same HARQ interlace will also provide control transmission for the other
link. For this design, if cooperation is needed from an interfering base station or an interfering terminal in order to enable
reliable message reception, then this cooperation may be granted in units of HARQ interlaces. Such cooperation may
take the form of control blanking or HARQ interlace partitioning. Confining the messages to a single HARQ interlace on
each link may also support forwarding of the messages via relay stations. For example, a relay station may receive a
reduce interference request message from the terminal and may forward the message upstream to the interfering base
station or another relay station. The relay station may also receive a reduce interference request message from a base
station and may forward the message downstream to the terminal or another relay station. The upstream/downstream
partitioning may be carried out in units of HARQ interlaces. For example, the terminal may send a reduce interference
request message on HARQ interlace a, and the relay station may forward the message on HARQ interlace b, where a ≠ b.
[0065] For both the forward and reverse links, the base stations may make pre-scheduling decisions in advance of
actual scheduling, e.g., make a pre-scheduling decision when the interference mitigation trigger message is generated
in FIG. 5 or when the transmit capability request message and the reduce interference request message are generated
in FIG. 7. The actual scheduling decisions may or may not be the same as the pre-scheduling decisions depending on
various factors. For example, if the estimated channel quality for a specified resource is poor, then the resource may
not be assigned to the terminal.
[0066] On the forward link, the serving base station may send the interference mitigation trigger message for a specified
resource to one terminal and may use this resource for this terminal, as described above. The serving base station may
also use this resource for another terminal, e.g., if the scheduling decisions have changed after sending the interference
mitigation trigger message. In this case, the serving base station may select the MCS for the other terminal using no
RQI information or the most recent RQI information available for that terminal.
[0067] On the forward link, the serving base station may schedule terminals that do not observe high interference from
neighbor base stations without sending interference mitigation trigger messages. On the reverse link, the serving base
station may schedule terminals that are not strong interferers to neighbor base stations without sending transmit capability
request messages. The serving base station may make these decisions based on pilot measurement reports from the
terminals. Scheduling these terminals without using short-term interference mitigation whenever possible may allow for
more efficient resource utilization.
[0068] In one design, overhead of messages for short-term interference mitigation may be reduced by subsampling.
A scheduling period of S frames for each HARQ interlace may be used, where S may be determined by the desired
amount of subsampling and may be any suitable integer value. A reduce interference request message may be sent
once every S frames on a given HARQ interlace, and a scheduling decision may be valid for S frames on this HARQ

(continued)

Message/Pilot Send on ... Description

Power decision pilot
Forward link or 

reverse link

Send on forward link power decision pilot channel (F-PDPICH) for 
forward link.
Send on reverse link power decision pilot channel

(R-PDPICH) for reverse link.

RQI Reverse link Send on RQI channel (R-RQICH) or PUCCH.
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interlace. The scheduling periods for different HARQ interlaces may be staggered in time in order to reduce initial latency
caused by the subsampling.
[0069] In one design, an interference mitigation trigger message, a transmit capability request message, and/or a
reduce interference request message may contain a persistence bit. This bit may be set to a first value (e.g., ’0’) to
indicate that the message is valid for a nominal period of time (e.g., one frame) or to a second value (e.g., ’1’) to indicate
that the message is valid for an extended period of time (e.g., a predetermined number of frames).
[0070] The short-term interference mitigation techniques described herein may be used for various deployment sce-
narios. The techniques may be used for a system in which all base stations are for macro cells. The techniques may be
invoked for cell-edge terminals that may observe high interference from neighbor base stations on the forward link and/or
may cause high interference to the neighbor base stations on the reverse link.
[0071] The techniques may also be used for a system supporting base stations transmitting at different power levels,
e.g., for macro cells, pico cells, and femto cells. Some base stations may also be deployed in an unplanned manner,
i.e., without any network planning. In addition, a base station may support restricted association and may not allow all
terminals to connect to the base station. The restricted association may be useful, e.g., for a base station installed inside
a home, where only users living in the home may be allowed to connect to the base station.
[0072] The techniques described herein may be advantageously used for dominant interference scenarios, which may
be unavoidable or desirable. For example, a terminal may not be allowed to connect to a base station with the strongest
received power, e.g., due to the base station allowing restricted association. This base station may then be the dominant
interferer. As another example, the terminal may want to connect to a base station with lower received power if that base
station has a lower pathloss. This may be the case, e.g., if the base station has a significantly lower transmit power level
(e.g., for a pico cell or a femto cell) than that of other base stations and may thus cause less interference to the system
to achieve a similar data rate, which is desirable. Other base stations with higher received power at the terminal would
then be the dominant interferers. On the reverse link, transmissions sent to the base station with lower pathloss may
cause lower interference in the system, which is desirable.
[0073] FIG. 9 shows a design of a process 900 for sending a power decision pilot. Process 900 may be performed by
a first station, which may be a base station or a terminal. Process 900 may be used for transmission scheme 500 in FIG.
5 as well as transmission scheme 700 in FIG. 7.
[0074] The first station may receive a message sent by a second station to request reduction of interference on at
least one resource (block 912). The first station may determine a first transmit power level to use for the at least one
resource in response to receiving the message (block 914). The first station may determine the first transmit power level
based on one or more factors such as a priority metric sent in the message, the buffer size at the first station, etc. For
example, the first station may grant or dismiss the message (or determine whether or not to reduce its transmit power)
based on the priority metric. In one design, the first station may estimate the pathloss for the second station based on
the received power of the message. The first station may then determine the first transmit power level based on a target
interference level, the estimated pathloss for the second station, the buffer size at the first station, etc.
[0075] The first station may send a pilot at a second transmit power level determined based on the first transmit power
level (block 916). The first station may set the second transmit power level (i) equal to the first transmit power level or
(ii) equal to a scaled version of the first transmit power level, e.g., a fixed number of decibels (dB) offset from the first
transmit power level. The first station may send the pilot on the at least one resource in a first time period and may use
the first transmit power level for the at least one resource in a second time period later than the first time period. The
first and second time periods may correspond to different frames in the same HARQ interlace.
[0076] The first station may have multiple transmit antennas and may send the pilot from each transmit antenna at a
transmit power level selected for that transmit antenna. The transmit power levels for the multiple transmit antennas
may be selected to steer power in a direction different from the second station. For example, precoding weights for the
multiple transmit antennas may be determined to reduce interference to the second station and may be used for the at
least one resource. In one design, the pilot may be sent from the multiple transmit antennas in accordance with the
precoding weights. In another design, the pilot may be sent from the multiple transmit antennas at the same transmit
power level, and the precoding weights may be sent to the second station.
[0077] FIG. 10 shows a design of an apparatus 1000 for sending a power decision pilot. Apparatus 1000 includes a
module 1012 to receive at a first station a message sent by a second station to request reduction of interference on at
least one resource, a module 1014 to determine a first transmit power level to use for the at least one resource by the
first station in response to receiving the message, and a module 1016 to send a pilot from the first station at a second
transmit power level determined based on the first transmit power level.
[0078] FIG. 11 shows a design of a process 1100 for sending a power decision pilot by a terminal. Process 1100 may
be used for transmission scheme 700 in FIG. 7. The terminal may receive from a serving base station a message
requesting transmit capability of the terminal for at least one resource (block 1112). The terminal may also receive at
least one message from at least one neighbor base station requesting reduction of interference on the at least one
resource (block 1114). The terminal may determine a maximum transmit power level usable for the at least one resource
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based on the at least one message (block 1116). The terminal may send a pilot at the maximum transmit power level
usable for the at least one resource (block 1118). The terminal may send the pilot on the at least one resource in a first
time period and may use up to the maximum transmit power level for the at least one resource in a second time period
later than the first time period. The first and second time periods may correspond to different frames in the same HARQ
interlace.
[0079] In one design of block 1116, the terminal may estimate pathloss for each neighbor base station based on the
received power of a message received from that neighbor base station. The terminal may then determine the maximum
transmit power level based on a target interference level and the estimated pathloss for each neighbor base station.
[0080] In one design of block 1118, the terminal may determine precoding weights for multiple transmit antennas to
reduce interference to a neighbor base station. The terminal may send the pilot in accordance with the precoding weights.
Alternatively, the terminal may send the pilot from the multiple transmit antennas at the same transmit power level and
may send the precoding weights to the neighbor base station.
[0081] FIG. 12 shows a design of an apparatus 1200 for sending a power decision pilot by a terminal. Apparatus 1200
includes a module 1212 to receive a message requesting transmit capability of a terminal for at least one resource, a
module 1214 to receive at least one message from at least one neighbor base station requesting reduction of interference
on the at least one resource, a module 1216 to determine a maximum transmit power level usable by the terminal for
the at least one resource based on the at least one message, and a module 1218 to send a pilot at the maximum transmit
power level usable by the terminal for the at least one resource.
[0082] FIG. 13 shows a design of a process 1300 for advertising transmit power in advance. Process 1300 may be
performed by a station, which may be a base station or a terminal. The station may determine a first transmit power
level to use for data transmission in a first time period (block 1312). The station may determine a second transmit power
level to use for pilot based on the first transmit power level (block 1314). The station may set the second transmit power
level equal to the first transmit power level or a scaled version of the first transmit power level. The station may send
the pilot at the second transmit power level in a second time period earlier than the first time period (block 1316).
[0083] In one design, the station may receive a message requesting reduction of interference on at least one resource
in the first time interval. The station may send the pilot on the at least one resource in the second time interval in response
to receiving the message. In one design, the station may have multiple transmit antennas and may determine precoding
weights for the multiple transmit antennas to steer the pilot and the data transmission. The station may send the pilot
from the multiple transmit antennas in accordance with the precoding weights. Alternatively, the station may send the
pilot from the multiple transmit antennas at the same transmit power level and may send the precoding weights to a
transmitter of the message.
[0084] FIG. 14 shows a design of an apparatus 1400 for advertising transmit power in advance. Apparatus 1400
includes a module 1412 to determine a first transmit power level to use for data transmission in a first time period, a
module 1414 to determine a second transmit power level to use for pilot based on the first transmit power level, and a
module 1416 to send the pilot at the second transmit power level in a second time period earlier than the first time period.
[0085] FIG. 15 shows a design of a process 1500 for receiving power decision pilot. Process 1500 may be performed
by a first station, which may be a base station or a terminal. Process 1500 may be used for transmission scheme 500
in FIG. 5 as well as transmission scheme 700 in FIG. 7.
[0086] The first station may receive at least one pilot from at least one interfering station, with each pilot being sent
at a transmit power level to be used on at least one resource by a corresponding interfering station (block 1512). The
first station may also receive a pilot from a second station intending to send data to the first station (block 1514). The
first station may estimate channel quality of the at least one resource having reduced interference from the at least one
interfering station, e.g., based on the at least one pilot from the at least one interfering station and the pilot from the
second station (block 1516). The first station may thereafter receive a data transmission on the at least one resource
from the second station (block 1518).
[0087] In one design of data transmission on the forward link, the first station may be a terminal and the second station
may be a serving base station. The terminal may send RQI information indicative of the estimated channel quality of the
at least one resource to the serving base station. The serving base station may send the data transmission using the
RQI information. In one design of data transmission on the reverse link, the first station may be a serving base station
and the second station may be a terminal. The serving base station may select a modulation and coding scheme based
on the estimated channel quality of the at least one resource and may send a resource grant comprising the selected
modulation and coding scheme to the terminal. The terminal may send the data transmission in accordance with the
resource grant to the serving base station.
[0088] FIG. 16 shows a design of an apparatus 1600 for receiving power decision pilot. Apparatus 1600 includes a
module 1612 to receive at a first station at least one pilot from at least one interfering station, with each pilot being sent
at a transmit power level to be used on at least one resource by a corresponding interfering station, a module 1614 to
receive a pilot from a second station intending to send data to the first station, a module 1616 to estimate channel quality
of the at least one resource having reduced interference from the at least one interfering station, and a module 1618 to
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receive a data transmission on the at least one resource from the second station.
[0089] The modules in FIGS. 10, 12, 14 and 16 may comprise processors, electronics devices, hardware devices,
electronics components, logical circuits, memories, etc., or any combination thereof.
[0090] FIG. 17 shows a block diagram of a design of serving base station 110x, interfering base station 110y, and
terminal 120x in FIGS. 4 and 6. At serving base station 110x, a transmit processor 1714x may receive traffic data from
a data source 1712x and messages from a controller/processor 1730x and a scheduler 1734x. For example, control-
ler/processor 1730x may provide messages for short-term interference mitigation shown in FIGS. 5 and 7. Scheduler
1734x may provide resource grants for terminal 120x. Transmit processor 1714x may process (e.g., encode, interleave,
and symbol map) the traffic data, messages, and pilot and provide data symbols, control symbols, and pilot symbols,
respectively. A modulator (MOD) 1716x may perform modulation on the data, control, and pilot symbols (e.g., for OFDM,
CDMA, etc.) and provide output samples. A transmitter (TMTR) 1718x may conditions (e.g., convert to analog, amplify,
filter, and upconvert) the output samples and generate a forward link signal, which may be transmitted via an antenna
1720x.
[0091] Interfering base station 110y may similarly process traffic data and messages for the terminals served by base
station 1 10y and interfering terminals. The traffic data, messages, and pilot may be processed by a transmit processor
1714y, modulated by a modulator 1716y, conditioned by a transmitter 1718y, and transmitted via an antenna 1720y.
[0092] At terminal 120x, an antenna 1752 may receive the forward link signals from base stations 110x and 110y and
possibly other base stations. A receiver (RCVR) 1754 may condition (e.g., filter, amplify, downconvert, and digitize) a
received signal from antenna 1752 and provide samples. A demodulator (DEMOD) 1756 may perform demodulation on
the samples and provide detected symbols. A receive processor 1758 may process (e.g., symbol demap, deinterleave,
and decode) the detected symbols, provide decoded traffic data to a data sink 1760, and provide decoded messages
(e.g., for resource grants and short-term interference mitigation) to a controller/processor 1770. Demodulator 1756 may
estimate the channel quality of specified resources and may provide the estimated channel quality to controller/processor
1770.
[0093] On the reverse link, a transmit processor 1782 may receive and process traffic data from a data source 1780
and messages (e.g., for resource requests and short-term interference mitigation) from controller/processor 1770 and
provide data and control symbols. A modulator 1784 may perform modulation on the data, control, and pilot symbols
and may provide output samples. A transmitter 1786 may condition the output samples and generate a reverse link
signal, which may be transmitted via antenna 1752.
[0094] At each base station, the reverse link signals from terminal 120x and other terminals may be received by
antenna 1720, conditioned by a receiver 1740, demodulated by a demodulator 1742, and processed by a receive
processor 1744. Processor 1744 may provide decoded traffic data to a data sink 1746 and decoded messages to
controller/processor 1730. Demodulator 1742 may estimate the channel quality of one or more resources for terminal
120x and may provide this information to controller/processor 1730. Controller/processor 1730 may select MCS and/or
other parameters for terminal 120x.
[0095] Controllers/processors 1730x, 1730y and 1770 may direct the operation at base stations 110x and 110y and
terminal 120x, respectively. Memories 1732a, 1732y and 1772 may store data and program codes for base stations
110x and 110y and terminal 120x, respectively. Schedulers 1734x and 1734y may schedule terminals communicating
with base stations 110x and 110y, respectively, and may assign resources to the terminals.
[0096] The processors shown in FIG. 17 may perform various functions for the techniques described herein. For
example, the processors at terminal 120x may direct or implement process 900 in FIG. 9, process 1100 in FIG. 11,
process 1300 in FIG. 13, process 1500 in FIG. 15, and/or other processes for the techniques described herein. The
processors at each base station 110 may direct or implement process 900 in FIG. 9, process 1300 in FIG. 13, process
1500 in FIG. 15, and/or other processes for the techniques described herein.
[0097] 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 voltages, currents, electro-
magnetic waves, magnetic fields or particles, optical fields or particles, or any combination thereof.
[0098] Those of skill would further appreciate that the various illustrative logical blocks, modules, circuits, and algorithm
steps described in connection with the disclosure herein may be implemented as electronic hardware, computer software,
or combinations of both. To clearly illustrate this interchangeability of hardware and software, various illustrative com-
ponents, 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 upon the particular application and 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 present disclosure.
[0099] The various illustrative logical blocks, modules, and circuits described in connection with the disclosure herein
may be implemented or performed with a general-purpose processor, a digital signal processor (DSP), an application
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specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic device, discrete
gate or transistor logic, discrete hardware components, or any combination thereof designed to perform the functions
described herein. 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 or more microprocessors in conjunction with a DSP core, or any other such configuration.
[0100] The steps of a method or algorithm described in connection with the disclosure herein may be embodied directly
in hardware, in a software module executed by a processor, or in a combination of the two. A software module may
reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory, 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 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.
[0101] In one or more exemplary designs, 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 storage media may be any available media that can be accessed by a general purpose or special purpose
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 means in the form of instructions or data structures and that
can be accessed by a general-purpose or special-purpose computer, or a general-purpose or special-purpose processor.
Also, any connection is properly termed a computer-readable medium. For example, if the software 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 are included in the definition of medium. Disk
and disc, as used herein, 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.

Claims

1. A method for wireless communication, comprising:

receiving at a terminal (120x) a message sent by a neighbor base station (110y) to request reduction of inter-
ference on at least one resource;
determining a maximum transmit power level for the at least one resource by the terminal (120x) in response
to receiving the message;
characterised by
sending a power decision pilot from the terminal (120x) in order to convey the maximum transmit power level,
wherein the power level of the power decision pilot is set to a scaled version of the maximum transmit power level.

2. The method of claim 1, wherein the power decision pilot is sent on at least one resource in a first time period, and
wherein the maximum transmit power level is used for the at least one resource in a second time period later than
the first time period.

3. The method of claim 1, wherein the determining the maximum transmit power level comprises
estimating pathloss for the neighbor base station based on a received power of the message, and
determining the maximum transmit power level based on a target interference level and the estimated pathloss for
the neighbor base station.

4. The method of claim 1, wherein the determining the maximum transmit power level comprises determining the
maximum transmit power level based on a buffer size at the terminal.

5. The method of claim 1, further comprising:
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obtaining priority information from the message; and
determining whether to grant or dismiss the message based on the priority information.

6. The method of claim 1, wherein the sending the power decision pilot comprises sending the power decision pilot
from multiple transmit antennas at the terminal, the power decision pilot being sent from each transmit antenna at
a transmit power level selected for the transmit antenna.

7. The method of claim 6, further comprising:
determining transmit power levels for the multiple transmit antennas to steer power in a direction different from the
neighbor base station.

8. The method of claim 1, further comprising:
determining precoding weights for multiple transmit antennas at the terminal (120x) to reduce interference to the
neighbor base station, and wherein the power decision pilot is sent from the multiple transmit antennas in accordance
with the precoding weights.

9. The method of claim 1, further comprising:
determining precoding weights for multiple transmit antennas at the terminal (120x) to reduce interference to the
neighbor base station; and sending the precoding weights to the neighbor base station.

10. An apparatus for wireless communication, comprising:

means for receiving at a terminal (120x) a message sent by a neighbor base station (110y) to request reduction
of interference on at least one resource;
means for determining a maximum transmit power level for the at least one resource by the terminal (120x) in
response to receiving the message;
characterised by
means for sending a power decision pilot from the terminal (120x) in order to convey the maximum transmit
power level, wherein the power level of the power decision pilot is set to a scaled version of the maximum
transmit power level.

11. A computer program product, comprising:
a computer-readable medium comprising: code for causing at least one computer to perform all the steps of the
method of any one of claims 1 to 9, when run on said at least one computer.

Patentansprüche

1. Ein Verfahren für Drahtloskommunikation, das Folgendes aufweist:

Empfangen, an einem Endgerät (120x), einer Nachricht, die durch eine Nachbarbasisstation (110y) gesendet
wird zum Anfragen einer Verringerung von Interferenz auf wenigstens einer Ressource;
Bestimmen eines maximalen Sendeleistungspegels für die wenigstens eine Ressource durch das Endgerät
(120x) ansprechend auf das Empfangen der Nachricht;
gekennzeichnet durch
Senden eines Leistungsentscheidungspilots von dem Endgerät (120x) zum Übermitteln des maximalen Sen-
deleistungspegels, wobei der Leistungspegel des Leistungsentscheidungspilots auf eine skalierte Version des
maximalen Sendeleistungspegels gesetzt wird.

2. Verfahren nach Anspruch 1, wobei der Leistungsentscheidungspilot auf wenigstens einer Ressource in einer ersten
Zeitperiode gesendet wird, und wobei der maximale Sendeleistungspegel für die wenigstens eine Ressource in
einer zweiten Zeitperiode verwendet wird, die später als die erste Zeitperiode ist.

3. Verfahren nach Anspruch 1, wobei das Bestimmen des maximalen Sendeleistungspegels Folgendes aufweist
Schätzen eines Pfadverlusts für die Nachbarbasisstation basierend auf einer empfangenen Leistung der Nachricht,
und
Bestimmen des maximalen Sendeleistungspegels basierend auf einem Zielinterferenzpegel und dem geschätzten
Pfadverlust für die Nachbarbasisstation.
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4. Verfahren nach Anspruch 1, wobei das Bestimmen des maximalen Sendeleistungspegels Bestimmen des maxi-
malen Sendeleistungspegels basierend auf einer Puffergröße an dem Endgerät aufweist.

5. Verfahren nach Anspruch 1, das weiter Folgendes aufweist:

Erlangen von Prioritätsinformation aus der Nachricht; und
Bestimmen, ob hinsichtlich der Nachricht entsprochen wird oder sie verworfen werden soll basierend auf der
Prioritätsinformation.

6. Verfahren nach Anspruch 1, wobei das Senden des Leistungsentscheidungspilots Senden des Leistungsentschei-
dungspilots von mehreren Sendeantennen an dem Endgerät aufweist, wobei der Leistungsentscheidungspilot von
jeder Sendeantenne mit einem Sendeleistungspegel gesendet wird, der für die Sendeantenne ausgewählt ist.

7. Verfahren nach Anspruch 6, das weiter Folgendes aufweist:
Bestimmen von Sendeleistungspegeln für die mehreren Sendeantennen zum Steuern von Leistung in einer Richtung,
die sich von der Nachbarbasisstation unterscheidet.

8. Verfahren nach Anspruch 1, das weiter Folgendes aufweist:
Bestimmen von Vorcodierungsgewichtungen für mehrere Sendeantennen an dem Endgerät (120x) zum Verringern
von Interferenz an der Nachbarbasisstation, und wobei das Leistungsentscheidungspilot von den mehreren Sen-
deantennen gemäß den Vorcodierungsgewichtungen gesendet wird.

9. Verfahren nach Anspruch 1, das weiter Folgendes aufweist:
Bestimmen von Vorcodierungsgewichtungen für mehrere Sendeantennen an dem Endgerät (120x) zum Verringern
von Interferenz gegenüber der Nachbarbasisstation; und Senden der Vorcodierungsgewichtungen an die Nachbar-
basisstation.

10. Eine Vorrichtung zur Drahtloskommunikation, die Folgendes aufweist:

Mittel zum Empfangen, an einem Endgerät (120x), einer Nachricht, die durch eine Nachbarbasisstation (110y)
gesendet wird zum Anfragen einer Verringerung von Interferenz auf wenigstens einer Ressource;
Mittel zum Bestimmen eines maximalen Sendeleistungspegels für die wenigstens eine Ressource durch das
Endgerät (120x) ansprechend auf das Empfangen der Nachricht;
gekennzeichnet durch
Mittel zum Senden eines Leistungsentscheidungspilots von dem Endgerät (120x) zum Übermitteln des maxi-
malen Sendeleistungspegels, wobei der Leistungspegel des Leistungsentscheidungspilots für die wenigstens
eine Ressource auf eine skalierte Version des maximalen Sendeleistungspegels gesetzt ist.

11. Ein Computerprogrammprodukt, das Folgendes aufweist:
ein computerlesbares Medium, das Folgendes aufweist: Code, um wenigstens einen Computer zu veranlassen alle
Schritte des Verfahrens nach einem der Ansprüche 1 bis 9 durchzuführen, wenn er auf wenigstens einem Computer
ausgeführt wird.

Revendications

1. Un procédé de communication sans fil, comprenant :

la réception au niveau d’un terminal (120x) d’un message envoyé par une station de base voisine (110y) destiné
à la demande d’une réduction d’un brouillage sur au moins une ressource,
la détermination d’un niveau de puissance de transmission maximal pour la au moins une ressource par le
terminal (120x) en réponse à la réception du message,
caractérisé par
l’envoi d’un pilote de décision de puissance à partir du terminal (120x) afin de transmettre le niveau de puissance
de transmission maximal, où le niveau de puissance du pilote de décision de puissance est réglé sur une version
étalonnée du niveau de puissance de transmission maximal.

2. Le procédé selon la Revendication 1, où le pilote de décision de puissance est envoyé sur au moins une ressource
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dans une première période temporelle, et où le niveau de puissance de transmission maximal est utilisé pour la au
moins une ressource dans une deuxième période temporelle ultérieure à la première période temporelle.

3. Le procédé selon la Revendication 1, où la détermination du niveau de puissance de transmission maximal comprend
l’estimation d’un affaiblissement de propagation pour la station de base voisine en fonction d’une puissance reçue
du message, et
la détermination du niveau de puissance de transmission maximal en fonction d’un niveau de brouillage cible et de
l’affaiblissement de propagation estimé pour la station de base voisine.

4. Le procédé selon la Revendication 1, où la détermination du niveau de puissance de transmission maximal comprend
la détermination du niveau de puissance de transmission maximal en fonction d’une taille de mémoire tampon au
niveau du terminal.

5. Le procédé selon la Revendication 1, comprenant en outre :

l’obtention d’informations de priorité à partir du message, et
la détermination s’il convient d’accepter ou de rejeter le message en fonction des informations de priorité.

6. Le procédé selon la Revendication 1, où l’envoi du pilote de décision de puissance comprend l’envoi du pilote de
décision de puissance à partir d’une pluralité d’antennes d’émission au niveau du terminal, le pilote de décision de
puissance étant envoyé à partir de chaque antenne d’émission à un niveau de puissance de transmission sélectionné
pour l’antenne d’émission.

7. Le procédé selon la Revendication 6, comprenant en outre :
la détermination de niveaux de puissance de transmission pour la pluralité d’antennes d’émission de façon à orienter
la puissance dans une direction différente de la station de base voisine.

8. Le procédé selon la Revendication 1, comprenant en outre :
la détermination de poids de précodage destinés à une pluralité d’antennes d’émission au niveau du terminal (120x)
de façon à réduire un brouillage vers la station de base voisine, et où le pilote de décision de puissance est envoyé
à partir de la pluralité d’antennes d’émission conformément aux poids de précodage.

9. Le procédé selon la Revendication 1, comprenant en outre :
la détermination de poids de précodage destinés à une pluralité d’antennes d’émission au niveau du terminal (120x)
de façon à réduire un brouillage vers la station de base voisine, et l’envoi des poids de précodage à la station de
base voisine.

10. Un appareil de communication sans fil, comprenant :

un moyen de réception au niveau d’un terminal (120x) d’un message envoyé par une station de base voisine
(110y) destiné à la demande d’une réduction d’un brouillage sur au moins une ressource,
un moyen de détermination d’un niveau de puissance de transmission maximal pour la au moins une ressource
par le terminal (120x) en réponse à la réception du message,
caractérisé par
un moyen d’envoi d’un pilote de décision de puissance à partir du terminal (120x) afin de transmettre le niveau
de puissance de transmission maximal, où le niveau de puissance du pilote de décision de puissance est réglé
sur une version étalonnée du niveau de puissance de transmission maximal.

11. Un produit de programme informatique, comprenant :
un support lisible par ordinateur contenant : du code destiné à amener au moins un ordinateur à exécuter la totalité
des opérations du procédé selon l’une quelconque des Revendications 1 à 9, lorsqu’il est exécuté sur ledit au moins
un ordinateur.
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