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(54) DOWNLINK ASSIGNMENT INDICATOR DESIGN FOR MULTI-CARRIER WIRELESS 
COMMUNICATION

(57) Systems and methodologies are described
herein that facilitate various techniques for enhanced
downlink assignment index (DAI) signaling in a multi-car-
rier wireless communication system. As described here-
in, DAI and/or other indicator signaling transmitted on a
first carrier can be configured to carry information relating
to a number of downlink transmission assignments ap-
plied to at least a second carrier, which in some cases
can be disparate from the first carrier. To these ends,
described herein are techniques for cross-carrier DAI sig-
naling, multiple DAI signaling, aggregate DAI signaling,
and other similar techniques. As additionally described
herein, DAI signaling can be related to downlink control
transmissions and/or downlink data transmissions in
connection with respective techniques that can be ap-
plied to the DAI signaling.
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Description

CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Pro-
visional Application Serial No. 61/183,496, filed June 2,
2009, and entitled "SYSTEMS AND METHODS OF DAI
DESIGN FOR LTE-A TDD SYSTEMS," the entirety of
which is incorporated herein by reference.

BACKGROUND

I. Field

[0002] The present disclosure relates generally to
wireless communications, and more specifically to tech-
niques for managing resource assignments in a multi-
carrier wireless communication environment.

II. Background

[0003] Wireless communication systems are widely
deployed to provide various communication services; for
instance, voice, video, packet data, broadcast, and mes-
saging services can be provided via such wireless com-
munication systems. These systems can be multiple-ac-
cess systems that are capable of supporting communi-
cation for multiple terminals by sharing available system
resources. Examples of such multiple-access systems
include Code Division Multiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems, Fre-
quency Division Multiple Access (FDMA) systems, and
Orthogonal Frequency Division Multiple Access (OFD-
MA) systems.
[0004] Generally, a wireless multiple-access commu-
nication system can simultaneously support communi-
cation for multiple wireless terminals. In such a system,
each terminal can communicate with one or more base
stations via transmissions on the forward and reverse
links. The forward link (or downlink) refers to the com-
munication link from the base stations to the terminals,
and the reverse link (or uplink) refers to the communica-
tion link from the terminals to the base stations. This com-
munication link can be established via a single-in-single-
out (SISO), multiple-in-signal-out (MISO), or a multiple-
in-multiple-out (MIMO) system.
[0005] A MIMO system can support time division du-
plex (TDD) and frequency division duplex (FDD) sys-
tems. In a TDD system, forward and reverse link trans-
missions can be made on a shared frequency region so
that the reciprocity principle can be used to enable esti-
mation of a forward link channel separate from a reverse
link channel. In turn, this can enable an access point to
implement transmit beamforming gain on the forward link
when multiple antennas are available at the access point.
[0006] Further, for various TDD systems utilizing or-
thogonal frequency division multiplexing (OFDM), a plu-
rality of downlink subframes can generally be associated

with one or more uplink subframes for feedback commu-
nication. A group of downlink subframes assigned to few-
er uplink subframes for feedback communication is con-
ventionally referred to as a bundling window. Thus, a
device receiving transmissions on resources within a
bundling window can perform feedback operations on
the designated uplink subframe(s) for the bundling win-
dow. One type of feedback mode for TDD systems is
acknowledgment (ACK) / negative acknowledgment
(NACK) messaging, in which case a grouping of downlink
subframes can be referred to as an ACK/NACK bundling
window. Downlink transmissions received by the UE
within this ACK/NACK bundling window are acknowl-
edged on the uplink subframe(s). This bundling window
design for wireless signals can result in more efficient
utilization of downlink and uplink signal resources, pro-
viding an overall improvement for wireless communica-
tion systems.
[0007] In view of at least the above, it would be desir-
able to implement techniques by which bundling windows
can be assigned, managed, and/or utilized in a multi-
carrier wireless communication environment in a sub-
stantially efficient manner.

SUMMARY

[0008] The following presents a simplified summary of
various aspects of the claimed subject matter in order to
provide a basic understanding of such aspects. This sum-
mary is not an extensive overview of all contemplated
aspects, and is intended to neither identify key or critical
elements nor delineate the scope of such aspects. Its
sole purpose is to present some concepts of the disclosed
aspects in a simplified form as a prelude to the more
detailed description that is presented later.
[0009] According to an aspect, a method is described
herein. The method can comprise identifying a plurality
of carriers configured for communication in a wireless
communication system; determining a number of down-
link transmission assignments associated with one or
more first carriers in the plurality of carriers; and config-
uring, for communication over at least one or more sec-
ond carriers in the plurality of carriers, at least one indi-
cation that specifies the number of downlink transmission
assignments associated with at least the one or more
first carriers.
[0010] A second aspect described herein relates to a
wireless communications apparatus, which can com-
prise a memory that stores data relating to a plurality of
carriers configured for communication in a wireless com-
munication system. The wireless communications appa-
ratus can further comprise a processor configured to de-
termine a number of downlink transmission assignments
associated with one or more first carriers in the plurality
of carriers and to configure, for communication over one
or more second carriers in the plurality of carriers, at least
one indication that specifies the number of downlink
transmission assignments associated with at least the
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one or more first carriers.
[0011] A third aspect relates to an apparatus, which
can comprise means for identifying a plurality of carriers
associated with a wireless communication system, at
least one first carrier in the plurality of carriers, and at
least one second carrier in the plurality of carriers; means
for obtaining information relating to a number of downlink
transmission assignments applied to the at least one first
carrier; and means for generating a downlink assignment
index (DAI) for transmission on the at least one second
carrier that specifies the number of downlink transmis-
sion assignments applied to the at least one first carrier.
[0012] A fourth aspect described herein relates to a
computer program product, which can include a compu-
ter-readable medium that comprises code for causing a
computer to identify a plurality of carriers associated with
a wireless communication system, at least one first car-
rier in the plurality of carriers, and at least one second
carrier in the plurality of carriers; code for causing a com-
puter to obtain information relating to a number of down-
link transmission assignments applied to the at least one
first carrier; and code for causing a computer to generate
a DAI for transmission on the at least one second carrier
that specifies the number of downlink transmission as-
signments applied to the at least one first carrier.
[0013] According to a fifth aspect, a method is de-
scribed herein, which can comprise identifying a plurality
of carriers configured for communication with a wireless
communication network; obtaining transmission assign-
ment signaling from the wireless communication network
over at least one or more first carriers in the plurality of
carriers; and determining, based on the transmission as-
signment signaling, a number of downlink transmission
assignments associated with at least one or more second
carriers in the plurality of carriers.
[0014] A sixth aspect described herein relates to a
wireless communications apparatus, which can com-
prise a memory that stores data relating to a plurality of
carriers configured for communication with a wireless
communication network. The wireless communications
apparatus can further comprise a processor configured
to obtain transmission assignment signaling from the
wireless communication network over at least one or
more first carriers in the plurality of carriers and to deter-
mine, based on the transmission assignment signaling,
a number of downlink transmission assignments associ-
ated with at least one or more second carriers in the plu-
rality of carriers.
[0015] A seventh aspect relates to an apparatus, which
can comprise means for identifying a plurality of carriers
designated for communication with a wireless communi-
cation network, at least one first carrier in the plurality of
carriers, and at least one second carrier in the plurality
of carriers; means for obtaining one or more DAIs from
the wireless communication network on the at least one
first carrier; and means for determining a number of
downlink transmission assignments applied to the at
least one second carrier based on the one or more DAIs.

[0016] An eighth aspect described herein relates to a
computer program product, which can include a compu-
ter-readable medium that comprises code for causing a
computer to identify a plurality of carriers designated for
communication with a wireless communication network,
at least one first carrier in the plurality of carriers, and at
least one second carrier in the plurality of carriers; code
for causing a computer to obtain one or more DAIs from
the wireless communication network on the at least one
first carrier; and code for causing a computer to determine
a number of downlink transmission assignments applied
to the at least one second carrier based on the one or
more DAIs.
[0017] To the accomplishment of the foregoing and re-
lated ends, one or more aspects of the claimed subject
matter comprise the features hereinafter fully described
and particularly pointed out in the claims. The following
description and the annexed drawings set forth in detail
certain illustrative aspects of the claimed subject matter.
These aspects are indicative, however, of but a few of
the various ways in which the principles of the claimed
subject matter can be employed. Further, the disclosed
aspects are intended to include all such aspects and their
equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a block diagram of a system that facilitates
generation and processing of downlink assignment
indication messaging in a multi-carrier wireless com-
munication environment in accordance with various
aspects.
FIG. 2 illustrates an example wireless communica-
tion system that facilitates multi-carrier communica-
tion in accordance with various aspects.
FIG. 3 illustrates an example wireless communica-
tion environment that supports feedback for multi-
carrier communication in accordance with various
aspects.
FIG. 4 is a block diagram of a system that facilitates
cross-carrier and/or other signaling to support uplink
feedback for multi-carrier communication in accord-
ance with various aspects.
FIG. 5 illustrates an example downlink assignment
index (DAI) design that can be employed in a wire-
less communication system.
FIGS. 6-8 illustrate respective techniques for en-
hanced DAI design for a multi-carrier wireless envi-
ronment in accordance with various aspects de-
scribed herein.
FIGS. 9-12 are flow diagrams of respective methods
for generating signaling indicative of downlink trans-
mission assignments made within a multi-carrier
wireless communication environment.
FIG. 13 is a flow diagram of a method for processing
transmission assignment signaling that includes
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multi-carrier assignment information.
FIGS. 14-15 are block diagrams of respective appa-
ratuses that facilitate generation and processing of
downlink assignment indicator signaling in a multi-
carrier wireless communication system.
FIG. 16 illustrates a wireless multiple-access com-
munication system in accordance with various as-
pects set forth herein.
FIG. 17 is a block diagram illustrating an example
wireless communication system in which various as-
pects described herein can function.

DETAILED DESCRIPTION

[0019] Various aspects of the claimed subject matter
are now described with reference to the drawings, where-
in like reference numerals are used to refer to like ele-
ments throughout. In the following description, for pur-
poses of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one
or more aspects. It may be evident, however, that such
aspect(s) may be practiced without these specific details.
In other instances, well-known structures and devices
are shown in block diagram form in order to facilitate de-
scribing one or more aspects.
[0020] As used in this application, the terms "compo-
nent," "module," "system," and the like are intended to
refer to a computer-related entity, either hardware,
firmware, a combination of hardware and software, soft-
ware, or software in execution. For example, a compo-
nent can be, but is not limited to being, a process running
on a processor, an integrated circuit, an object, an exe-
cutable, a thread of execution, a program, and/or a com-
puter. By way of illustration, both an application running
on a computing device and the computing device can be
a component. One or more components can reside within
a process and/or thread of execution and a component
can be localized on one computer and/or distributed be-
tween two or more computers. In addition, these compo-
nents can execute from various computer readable me-
dia having various data structures stored thereon. The
components can communicate by way of local and/or
remote processes such as in accordance with a signal
having one or more data packets (e.g., data from one
component interacting with another component in a local
system, distributed system, and/or across a network such
as the Internet with other systems by way of the signal).
[0021] Furthermore, various aspects are described
herein in connection with a wireless terminal and/or a
base station. A wireless terminal can refer to a device
providing voice and/or data connectivity to a user. A wire-
less terminal can be connected to a computing device
such as a laptop computer or desktop computer, or it can
be a self contained device such as a personal digital as-
sistant (PDA). A wireless terminal can also be called a
system, a subscriber unit, a subscriber station, mobile
station, mobile, remote station, access point, remote ter-
minal, access terminal, user terminal, user agent, user

device, or user equipment (UE). A wireless terminal can
be a subscriber station, wireless device, cellular tele-
phone, PCS telephone, cordless telephone, a Session
Initiation Protocol (SIP) phone, a wireless local loop
(WLL) station, a personal digital assistant (PDA), a hand-
held device having wireless connection capability, or oth-
er processing device connected to a wireless modem. A
base station (e.g., access point or Node B) can refer to
a device in an access network that communicates over
the air-interface, through one or more sectors, with wire-
less terminals. The base station can act as a router be-
tween the wireless terminal and the rest of the access
network, which can include an Internet Protocol (IP) net-
work, by converting received air-interface frames to IP
packets. The base station also coordinates management
of attributes for the air interface.
[0022] Moreover, various functions described herein
can be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the
functions can be stored on or transmitted over as one or
more instructions or code on a computer-readable me-
dium. 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 can be any
available media that can be accessed by a computer. By
way of example, and not limitation, such computer-read-
able media can comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium
that can be used to carry or store desired program code
in the form of instructions or data structures and that can
be accessed by a computer. Also, any connection is prop-
erly 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 wire-
less 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 mi-
crowave 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 (BD), where disks usually reproduce
data magnetically and discs reproduce data optically with
lasers. Combinations of the above should also be includ-
ed within the scope of computer-readable media.
[0023] Various techniques described herein can be
used for various wireless communication systems, such
as Code Division Multiple Access (CDMA) systems, Time
Division Multiple Access (TDMA) systems, Frequency
Division Multiple Access (FDMA) systems, Orthogonal
Frequency Division Multiple Access (OFDMA) systems,
Single Carrier FDMA (SC-FDMA) systems, and other
such systems. The terms "system" and "network" are of-
ten used herein interchangeably. A CDMA system can
implement a radio technology such as Universal Terres-
trial Radio Access (UTRA), CDMA2000, etc. UTRA in-
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cludes Wideband-CDMA (W-CDMA) and other variants
of CDMA. Additionally, CDMA2000 covers the IS-2000,
IS-95 and IS-856 standards. A TDMA system can imple-
ment a radio technology such as Global System for Mo-
bile Communications (GSM). An OFDMA system can im-
plement 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 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 organiza-
tion named "3rd Generation Partnership Project" (3GPP).
Further, CDMA2000 and UMB are described in docu-
ments from an organization named "3rd Generation Part-
nership Project 2" (3GPP2).
[0024] Various aspects will be presented in terms of
systems that can include a number of devices, compo-
nents, modules, and the like. It is to be understood and
appreciated that the various systems can include addi-
tional devices, components, modules, etc. and/or omit
some or all of the devices, components, modules etc.
discussed in connection with the figures. A combination
of these approaches can also be used.
[0025] Referring now to the drawings, Fig. 1 illustrates
a system 100 that facilitates generation and processing
of downlink assignment indication messaging in a multi-
carrier wireless communication environment in accord-
ance with various aspects described herein. As Fig. 1
illustrates, system 100 can include one or more base
stations 110 (also referred to herein as Node Bs or eNBs,
cells or network cells, nodes or network nodes, access
points (APs), etc.), which can communicate with one or
more user equipment units (UEs, also referred to herein
as access terminals (ATs), mobile or user stations, mo-
bile devices, mobile terminals, etc.) 120 via respective
transceivers 118. In accordance with one aspect, base
station 110 can engage in one or more downlink (DL,
also referred to herein as forward link (FL)) communica-
tions to UE 120, and UE 120 can engage in one or more
uplink (UL, also referred to herein as reverse link (RL))
communications with base station 110. Additionally or
alternatively, base station 110 and/or UE 120 can engage
in any suitable communication(s) with each other, with
other devices or entities in system 100, and/or any other
suitable entities.
[0026] In accordance with one aspect, in various wire-
less communication systems (e.g., TDD systems, etc.),
one UL subframe can be associated with multiple DL
subframes. Multiple DL subframes associated with an
UL subframe in this manner is referred to herein and gen-
erally in the art as a DL subframe bundling window. For
DL transmissions within the same bundling window, UL
feedback, such as acknowledgement/negative acknowl-
edgement (ACK/NAK) signaling, can be configured to be
fed back in the corresponding UL subframe. In one ex-

ample, ACK/NAK signaling can be made in response to
and pertain to an expected or received signal(s), or one
or more wireless resources demodulated at UE 120. Ex-
amples of suitable received/expected signals can include
a predetermined number of data packets, a predeter-
mined number of wireless resources (e.g., time-frequen-
cy resources, OFDM symbols, code resources, time
frames or subframes, etc.), or the like. Thus, as an ex-
ample, a network protocol can configure UE 120 to send
an ACK/NAK for a number, N, of received data packets,
or for N DL resource blocks, or after expiration of X
amount of time, or some combination thereof (where X
and N are non-negative integers). If all expected signals
or packets are received, UE 120 can send an ACK feed-
back signal, and otherwise sends a NAK feedback signal.
Alternatively, other types of feedback can be employed,
such as automatic repeat request (ARQ) signaling, hybrid
ARQ (HARQ) signaling, or the like.
[0027] One type of ACK/NAK feedback mode that can
be utilized by UE 120 in an example as provided above
is called ACK/NAK bundling, where multiple ACK/NAKs
within a bundling window are logically bundled into one
ACK/NAK (e.g., by performing a logical AND operation).
Additionally or alternatively, another type of ACK/NAK
feedback that can be utilized by UE 120 is called
ACK/NAK multiplexing, where up to 4 bits of ACK/NAK
can be fed back.
[0028] In some cases, it can be appreciated that UE
120 can miss signaling from base station 110 (e.g., on a
Physical Downlink Control Channel (PDCCH) and/or oth-
er suitable channel or combination of channels) that pro-
vides resource grants and/or other transmission assign-
ment information. Consequently, in cases where UE 120
misses such signaling, base station 110 and UE 120 can
have different interpretations on how many data trans-
missions (e.g., Physical Downlink Shared Channel (PD-
SCH) transmissions, etc.) are to be performed within the
bundling window.
[0029] Accordingly, to resolve and/or alleviate such
misalignment, a 2-bit downlink assignment index (DAI)
field can be utilized can be utilized in connection with
various UL downlink control information (DCI) formats
and/or DL DCI formats utilized for transmission of control
signaling within system 100. For example, base station
110 can utilize a DAI field within one or more DL DCI
formats to indicate an accumulative number of DL as-
signments within a bundling window. Thus, by way of
example, a DAI field corresponding to a first assigned
downlink transmission in a bundling window can indicate
one assignment, a DAI field corresponding to a second
downlink transmission in the bundling window can indi-
cate two assignments, and so on. Additionally or alter-
natively, base station 110 can utilize a DAI field within
one or more UL DCI formats to indicate a total number
of DL assignments within a bundling window. Thus, by
way of example, in the event that n downlink transmis-
sions are assigned for a bundling window, DAI fields cor-
responding to each of the n assigned downlink transmis-
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sions can indicate n assignments.
[0030] In accordance with another aspect, it can be
appreciated that as a need exists in a TDD system and/or
other suitable wireless communication systems for UE
120 to feed back information on a single UL subframe
that corresponds to multiple DL subframes, UE 120 can
in some cases be required to have knowledge of how
many DL transmissions have been scheduled in a given
bundling window. Further, it can be appreciated that there
may in some cases not be a guarantee to have any UL
control signaling within a given bundling window. If such
signaling is given and UE 120 successfully decodes the
signaling, it can be appreciated that base station 110 and
UE 120 can be substantially perfectly aligned in terms of
the total number of DL transmissions within the corre-
sponding bundling window. Thus, with the aid of DAIs
provided with DL control signaling, UE 120 can efficiently
feedback the corresponding ACK/NAK information. Al-
ternatively, if UL control PDCCH and/or other control sig-
naling does not exist, UE 120 can in some cases be re-
quired to rely on the DAI field given within DL control
signaling. However, due to the accumulative nature of
DAI information in DL signaling, the loss of the last DL
control signal(s) in a given bundling window can cause
misalignment between base station 110 and UE 120 re-
garding the total number of DL data transmissions, mak-
ing it difficult for efficient ACK/NAK feedback. It can fur-
ther be appreciated that with regard to DAI information
transmitted on PDCCH and/or other suitable control
channels between base station 110 and UE 120, trans-
missions on such control channels can in some cases
have a relatively high tolerable loss rate (e.g., approxi-
mately 1%, etc.) as compared to ACK/NAK signaling
and/or other forms of signaling. In view of the above, it
would be desirable to implement improved techniques
for improving ACK/NAK performance within a given bun-
dling window. Further, as further described herein, it
would be desirable to implement techniques by which
multiple carriers utilized by a wireless communication
system can be leveraged to enhance DAI transmission
and/or processing.
[0031] In view of at least the above, base station 110
and/or UE 120 can operate in accordance with various
aspects as described herein to facilitate enhanced sign-
aling and processing of DAIs and/or other indicators of
the number of transmission assignments applied to var-
ious carriers in a multi-carrier system. For example, base
station 110 can include a carrier analysis module 112
and/or other suitable mechanisms to identify a plurality
of carriers configured for communication in a wireless
communication system. Further, base station 110 can
include a transmission assignment manager 114 and/or
other suitable mechanisms to determine a number of DL
transmission assignments associated with one or more
first carriers in the plurality of carriers. In addition, base
station 110 can include an assignment signaling gener-
ator 116 that can configure, for communication (e.g., via
transceiver 118) over at least one or more second carriers

in the plurality of carriers, at least one indication that spec-
ifies the number of DL transmission assignments asso-
ciated with at least the one or more first carriers. In one
example, the one or more second carriers can be dispa-
rate from the one or more first carriers.
[0032] Correspondingly, UE 120 in system 100 can in-
clude a carrier analysis module 112 that can identify a
plurality of carriers configured for communication with
base station 110 and/or any suitable entity associated
with a wireless communication network. UE 120 can fur-
ther include a transceiver 118 and/or other mechanisms
to obtain transmission assignment signaling from base
station 110 over at least one or more first carriers in the
plurality of carriers, based on which a transmission as-
signment analyzer 122 or the like can determine a
number of DL transmission assignments associated with
at least one or more second carriers in the plurality of
carriers. In one example, the one or more second carriers
can be disparate from the one or more first carriers. In
another example, transmission assignment signaling
communicated from base station 110 to UE 120 can in-
clude DL transmission assignments and/or UL transmis-
sion assignments.
[0033] In accordance with one aspect, a number of DL
transmission assignments identified by transmission as-
signment manager 114 at base station 110 can be a
number of DL transmission assignments associated with
one or more first carriers over a predefined duration in
time (e.g., corresponding to a number of subframes
and/or any other suitable time increments). Similarly,
transmission assignment analyzer 122 at UE 120 can be
utilized to determine, based on signaling from base sta-
tion 110, a number of DL transmission assignments as-
sociated with one or more second carriers (that are dis-
parate from one or more first carriers on which the sign-
aling is received) over a predefined duration in time.
[0034] In accordance with various aspects, base sta-
tion 110 can signal various types of DAI signaling and/or
other indicator signaling to UE 120 to indicate a number
of transmission assignments associated with a carrier
other than that on which the signaling is provided. For
example, base station 110 can utilize cross-carrier DAI
signaling, multiple DAI signaling, aggregate DAI signal-
ing, and/or any other suitable signaling type(s). Various
examples of such signaling types are provided in further
detail herein. It is to be appreciated that, unless explicitly
stated otherwise, the description and claims provided
herein are not intended to be limited to any specific
type(s) of signaling that can be conducted by base station
110 and/or processed by UE 120.
[0035] Referring now to Fig. 2, a block diagram of an
example system 200 that facilitates multi-carrier wireless
communication in accordance with various aspects is il-
lustrated. In one example, system 200 can facilitate im-
proved reliability for feedback signaling pertaining to mul-
ti-carrier wireless communication. As a result, system
200 can achieve reduced re-transmission of control or
traffic (whether voice or data traffic), thereby increasing
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overall wireless communication efficiency.
[0036] As shown in Fig. 2, system 200 can include a
base station 110, which can be communicatively coupled
with a UE 120 via a multi-carrier wireless link 210. Multi-
carrier wireless link 210 can, in turn, include two or more
distinct carrier frequencies. While Fig. 2 depicts four dis-
tinct carriers, it should be appreciated that such illustra-
tion is provided merely as an example and is not intended
to be construed as limiting the number of carriers that
can be employed in the context of multi-carrier wireless
link 210. In accordance with one aspect, DL and/or UL
communication between base station 110 and UE 120
can be conducted over one or more of the distinct carriers
of multi-carrier wireless link 210. DL signals can be trans-
mitted from base station 110 to UE 120 and can include,
for example, control signals (e.g., PDCCH), traffic signals
(e.g., PDSCH), or the like. Likewise, UL signals transmit-
ted from UE 120 to base station 110 can include control
signals (e.g., ACK/NAK, channel feedback, scheduling
requests, sounding reference signals (SRS), etc.), traffic
signals (e.g., Physical Uplink Shared Channel (PUSCH)
signaling), etc.
[0037] In accordance with another aspect, various UL
and DL signals can be assigned by base station 110 for
transmission on any one of the distinct carriers of multi-
carrier wireless link 210, or a group of such distinct car-
riers. Further, carrier assignments can be changed over
time. As an illustrative example, a set of DL control sig-
nals can be transmitted on a first subset of carriers in one
signal time frame (e.g., a frame, subframe, time slot, sub-
slot, etc.), on a second subset of the carriers in a subse-
quent signal time frame, and so on. Feedback signals
assigned to the set of DL control signals can likewise be
assigned to a subset of the carriers, which can be the
same subset of carriers employed for the DL control sig-
nals or a different subset of the carriers.
[0038] Because a DL transmission (of control signals
or traffic signals) can be transmitted over multiple carriers
by base station 110, it can be appreciated that UE 120
can be configured to monitor multiple carriers in order to
determine whether individual signals corresponding to
the DL transmission are received at UE 120. Subse-
quently, UL feedback signals can be transmitted by UE
120 in response to the DL transmission. To assist UE
120 in monitoring and receiving the individual signals of
the DL transmission, base station 110 can transmit a DAI
212 on a first subset of carriers that provides an indication
of a total number of signals of the DL transmission that
are transmitted on at least one additional subset of the
carriers. Such a DAI 212 can be a cross-carrier DAI, a
set of multiple DAIs, an aggregate DAI, and/or any other
form of signaling suitable to indicate DL transmission as-
signments on carrier(s) other than those on which the
DAI is transmitted. Additionally or alternatively, DAI 212
can identify a total number of signals of a DL transmission
that are transmitted on the first subset of carriers as well,
or this information can be transmitted in a separate DAI
(not shown). Accordingly, UE 120 can determine whether

DL signals received within a DL bundling window com-
prise a complete transmission (e.g., all of the individual
signals of the DL transmission) or an incomplete trans-
mission.
[0039] In addition to the foregoing, DAI 212 can be em-
ployed by UE 120 to coordinate signaling of UL feedback
214 corresponding to DL transmissions within a given
DL bundling window. The manner in which signaling of
UL feedback 214 is performed can be according to a
default arrangement (e.g., as specified in a network
standard, etc.), configured by base station 110 on a per-
UE or per-cell basis, or the like.
[0040] In accordance with one aspect, DAI 212 can
comprise DL signaling information pertaining to a single
carrier, other than a carrier employed by base station 110
to transmit DAI 212 (herein referred to as a DL DAI car-
rier). In this case, UE 120 can perform ACK/NAK signal-
ing for the single carrier. In one example, such ACK/NAK
signaling can be accomplished with as few as one data
bit, e.g., to indicate that either all transmissions corre-
sponding to DAI 212 on the single carrier have been re-
ceived, or have not been received. Alternatively, multiple
data bits can be utilized, e.g., to specify particular re-
ceived transmissions and/or to specify particular trans-
mission that were not received.
[0041] In accordance with another aspect, DAI 212 can
include DL signaling information for a plurality of carriers,
including the DL DAI carrier, but which also includes at
least one additional carrier. In this case, DAI 212 can
specify information for the plurality of carriers, including
one or more signal time slots per carrier (where a signal
time slot can be, e.g., a signal subframe, signal subslot,
signal frame or slot, or other suitable time-based division
of a DL signal). Alternatively, a plurality of DAIs 212 can
be sent by base station 110 that provide DL signaling
information for one or more of the plurality of carriers, or
one or more signal time slots per carrier, or any other
suitable combination of carriers and signal time slots.
[0042] Turning next to Fig. 3, an example system 300
that facilitates multi-carrier wireless communication in
accordance with various aspects is illustrated. System
300 can comprise a base station 110, which can be cou-
pled with one or more UEs 120. In addition, base station
110 can include or can be communicatively coupled with
a node assignment apparatus 302. Node assignment ap-
paratus 302 can be configured to support multi-carrier
wireless communication by, e.g., providing UE(s) 120
with information that indicates respective carriers on
which individual DL transmissions (e.g., associated with
one or more UL feedback resources) are assigned within
a DL bundling window. This information can be explicitly
signaled by node assignment apparatus 206, or can be
implicitly specified in a network specification (e.g., with
minimal or no higher layer signaling) and/or in any other
suitable manner.
[0043] In one example, node assignment apparatus
302 can comprise a communication (comm.) interface
304 for communicating with UE(s) 120. Communication
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interface 304 can correspond to a transmit-receive chain
of base station 110, or can include a separate electronic
communication entity configured to utilize or communi-
cate with this transmit-receive chain. In addition, node
assignment apparatus 302 can comprise a memory 312
for storing instructions configured to facilitate multi-car-
rier wireless service for UE(s) 120 operating within a wire-
less network associated with base station 110, and a
data processor 310 for executing modules to implement
the instructions. For example, such modules can include
a reference module 314 that forms a wireless message
316 for associating a set of DL transmissions on a first
wireless carrier to an UL feedback resource. This asso-
ciation can be established with one or more DAIs, as
described herein. Furthermore, node assignment appa-
ratus 302 can comprise a transmission module 318 that
encodes the wireless message onto a control channel
resource of a wireless signal (e.g., control message 320)
and transmits the wireless message on a second wireless
carrier to one or more UE(s) 120.
[0044] In accordance with one aspect, wireless mes-
sage 316 can specify a total number of wireless carriers
over which the set of DL transmissions are sent to UE(s)
120. In one example, wireless message 316 can further
specify a total number of DL transmissions (e.g., inde-
pendent DL signals) in the set of DL transmissions on
respective carriers of the total number of wireless carri-
ers. Accordingly, UE(s) 120 can readily track a number
of DL transmissions per carrier that are received, thereby
improving coordination between base station 110 and
UE(s) 120 and increasing reliability of feedback signaling
transmitted by UE(s) 120.
[0045] In accordance with another aspect, various op-
tions can be utilized by control message 320 to convey
information about DL transmissions on carriers other
than (and optionally in addition to) the second wireless
carrier (e.g., the carrier employed to transmit control mes-
sage 320). In one example, wireless message 316 can
include a first data field that identifies the first wireless
carrier and a second data field that specifies a total
number of DL transmissions that are assigned to an UL
feedback resource and that are transmitted on the first
wireless carrier. In another example, wireless message
316 can be one of a set of wireless messages generated
by reference module 314 and transmitted to UE(s) 120,
each of which can specify a total number of DL transmis-
sions assigned to the UL feedback resource that are
transmitted on one respective subset of the set of wire-
less carriers. In this case, reference module 314 can gen-
erate different numbers of wireless messages and assign
them to different subsets of the set of wireless carriers.
As one example, the set of wireless messages comprises
one wireless message 316 for each wireless carrier of
the set of wireless carriers.
[0046] In one example, respective wireless messages
316 can include a cross-carrier DAI that identifies a total
number of DL transmissions for one of the respective
wireless carriers. Alternatively, one or more wireless

messages 316 can comprise multiple DAIs, each spec-
ifying a total number of DL transmissions for a different
carrier. As an example of this case, a set of wireless
messages can include a number N of wireless messages
(where N is a positive integer and is less than or equal
to a number of the set of wireless carriers M), one for
each anchor carrier of the set of wireless carriers (where
the number of anchor carriers is less than or equal to M).
At least one of the set of wireless messages can option-
ally include multiple DAIs, in effect bundling DL transmis-
sions of a non-anchor carrier with DL transmissions of a
corresponding anchor carrier. As another alternative,
wireless message 316 can include one or more DAIs that
logically bundle DL transmission information for a plural-
ity of wireless carriers (e.g., with a logical AND operation).
In this alternative, reference module 314 can identify
within wireless message 316 a total number of DL trans-
missions on at least one other wireless carrier in addition
to a total number of the set of DL transmissions on the
first wireless carrier. In identifying DL transmissions,
wireless message 316 can employ alternative formats
for explicitly or implicitly conveying DL transmission in-
formation. In one instance, a DAI can specify total trans-
missions within a DL bundling window. In another in-
stance, a DAI can specify accumulative DL transmissions
over the DL bundling window.
[0047] Depending on an amount of information to be
conveyed by wireless message 316 (e.g., how many DA-
Is are included, how many carriers are specified, etc.),
different amounts of data may need to be reserved for
this message. This can be accommodated in a network-
wide standard, on a per-cell or per-UE basis, etc. Accord-
ingly, reference module 314 can generate a number of
data bits for wireless message 316 based on a controlling
standard or configuration governing base station 110
and/or any other suitable factors.
[0048] In another example, DL transmissions corre-
sponding to wireless message 316 can include either
multi-carrier control or multi-carrier traffic transmissions,
or both. Thus, for instance, a set of DL transmissions as
referred to above can comprise data or voice traffic trans-
missions involving UE(s) 120 and transmitted at least in
part on the first wireless carrier. In this case, wireless
message 316 can be utilized to signal a total number of
DL transmissions in the set of DL transmissions on the
first wireless carrier. As another example, the set of DL
transmissions can include control traffic transmissions
involving UE(s) 120 and transmitted on the first wireless
carrier. These control traffic transmissions can optionally
pertain to data or voice traffic signals transmitted on an
additional carrier (e.g., the second wireless carrier or a
third wireless carrier). In this case, wireless message 316
can optionally specify only the total number of DL control
transmissions, only the total number of DL voice or data
traffic transmissions on the additional carrier, or both the
DL control transmissions and the DL voice/data traffic
transmissions. Whether wireless message 316 pertains
to data or voice traffic transmissions, control traffic trans-
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missions, or both can be specified in a standard for the
wireless network, a cell-specific or UE-specific configu-
ration stored in memory 312, or the like. In one example,
reference module 314 can access memory 312 to re-
trieve this standard when generating wireless message
316.
[0049] Fig. 4 illustrates a further system 400 that can
be deployed in accordance with various aspects de-
scribed herein. System 400 can include a UE 120, which
can be wirelessly coupled with a base station 110 via a
multi-carrier wireless link. In addition, UE 120 can include
a multi-carrier signal apparatus 402, which can provide
improved feedback signaling based on DAI signals pro-
vided by base station 110.
[0050] In one example, multi-carrier signal apparatus
402 can comprise a communication interface 304 for ex-
changing wireless signals with base station 110. Addi-
tionally, multi-carrier signal apparatus 306 can comprise
a memory 312 for storing instructions that facilitate multi-
carrier wireless communication as well as a data proc-
essor 310 that executes and/or otherwise implements
modules to implement these instructions. In operation,
base station 110 can transmit a wireless message 422
to UE 120. This wireless message 422 can be transmitted
on one carrier of the multi-carrier wireless link and can
provide DL bundling window information pertaining to at
least a second carrier of the multi-carrier wireless link.
The DL bundling window information can be specified in
one or more DAIs having various formats as described
herein.
[0051] In another example, multi-carrier signal appa-
ratus 402 can employ a filtering module 412 that extracts
wireless message 422 from a signal that is received by
communication interface 304 over a first wireless carrier.
In addition, a mediation module 414 can be employed
that analyzes wireless message 422 and identifies a
number of transmissions that are assigned to an UL feed-
back resource and that are to be received on a second
wireless carrier. In this manner, multi-carrier signal ap-
paratus 402 can monitor the second wireless carrier for
the specified number of transmissions and determine
whether the number of transmissions has or has not been
successfully received at UE 120.
[0052] In accordance with one aspect, multi-carrier sig-
nal apparatus 402 can comprise a counting module 416
that monitors traffic received by communication interface
304 on the multi-carrier wireless link, and particularly at
least on the second wireless carrier identified in wireless
message 422. Further, counting module 416 can track
and determine a number of received transmissions as-
signed to the UL feedback resource that are received at
least on the second wireless carrier. This number of re-
ceived transmissions can be compared with a number of
expected transmissions on the second wireless carrier
as provided by mediation module 414. Multi-carrier signal
apparatus 402 can additionally comprise a timing module
418 that sets a NAK period for receiving the number of
transmissions on the second wireless carrier. As one il-

lustrative example, the NAK period can be based on a
response time for ACK/NAK signaling 424 included in a
network specification, or specified by base station 304.
By way of specific, non-limiting example, the response
time can be four subframes such that a transmission in
subframe N must be responded to by UE 302 in subframe
N+4. Alternatively, the NAK period can be any other suit-
able number of signal time slots.
[0053] In accordance with another aspect, multi-carrier
signal apparatus 402 and/or other mechanisms associ-
ated with UE 120 can compare a DAI value obtained from
base station 110 (e.g., via wireless message 422) with a
detected number of DL transmissions received from base
station 110. Based on this comparison, a layer 3 (L3)
configured transmission scheme and/or any other suita-
ble transmission scheme utilized by UE 120 (e.g., bun-
dling, multiplexing, etc.), and the physical layer means
of transmission utilized by UE 120 (e.g., on a Physical
Uplink Control Channel (PUCCH), piggybacking on
PUSCH, etc.), UE 120 can provide ACK/NAK signaling
424 to base station 110 accordingly.
[0054] As further described herein, wireless message
422 can comprise one or more DAIs respectively provid-
ing DL signal information pertaining to one or more car-
riers. The size of data fields within respective DAIs can
be set by base station 110 and can vary per-UE, per-cell,
or per DAI, or can be a standard size established by net-
work protocols. Thus, in one instance, wireless message
422 can include a number of data bits suitable to identify
each carrier employed for the multi-carrier wireless com-
munication, each carrier available to base station 110,
or each carrier assigned to UE 120. Alternatively, wire-
less message 422 can include a number of data bits suit-
able to identify a number of carriers employed for the
multi-carrier wireless communication, a number of carri-
ers available to base station 110, or a number of carriers
assigned to UE 120. In yet another case, wireless mes-
sage 422 can include a number of data bits suitable to
minimize control channel blind decoding based on size
matching between an UL DCI format and a DL DCI for-
mat.
[0055] The number of wireless carriers signaled by
wireless message 422 (or a set of such wireless mes-
sages) can also vary, and can be configured by base
station 110. In one instance, the number of wireless car-
riers can be equal to a number of anchor carriers em-
ployed by base station 110. In an alternative instance,
the number of wireless carriers can be equal to or less
than a total number of carriers available to base station
110, or assigned to UE 120 for the multi-carrier wireless
communication. Where multiple carriers are signaled by
wireless message 422, a plurality of DAIs can be em-
ployed, one for each carrier, or at least a subset of the
DAIs can signal a number of transmissions on two or
more carriers within a DL bundling window. Thus, wire-
less message 422 can contain, as one example, separate
data fields specifying per-carrier number of transmis-
sions for each of the number of wireless carriers. Alter-
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natively, wireless message 422 can contain one or more
aggregated data fields specifying a set of per-carrier
numbers of transmissions for a plurality of the number of
wireless carriers.
[0056] In accordance with one aspect, multi-carrier sig-
nal apparatus 402 can employ a network configuration
or standard to interpret wireless message 314 and a
DAI(s) included therein. Further, filtering module 412 can
obtain a network configuration identifying a number of
wireless carriers, including at least the second wireless
carrier, that are specified in wireless message 422. Ad-
ditionally, mediation module 414 can employ the network
configuration to identify a per-carrier number of transmis-
sions assigned to the UL feedback resource for each of
the number of wireless carriers. This aspect can be im-
plemented, for instance, where wireless message 422
comprises a plurality of DAIs specifying numbers of DL
transmissions for respective carriers, or a single DAI that
is configured with a logical AND operation to do likewise.
[0057] With reference again to Fig. 1, it can be appre-
ciated that in some wireless communication implemen-
tations, control and data can be configured to always be
delivered on the same carrier. For multi-carrier operation,
however, it can be appreciated that it can be possible for
control and data to be transmitted from different carriers.
Signaling performed in this manner, where control (e.g.,
PDCCH) signaling is used to direct data (e.g., PD-
SCH/PUSCH) signaling on at least a different carrier, is
referred to herein and generally in the art as cross-carrier
signaling. In one example, multi-carrier control signaling
can be generated using separate coding of DL assign-
ments and UL grants for each component carrier based
on DCI format(s) for single carrier with an additional car-
rier indicator field of 0-3 bits. In the case of 0 bits, a carrier
indicator can be omitted. Consequently, it can be appre-
ciated that the carrier association of UL ACK/NAK in re-
sponse to a data transmission can have two options: (1)
an UL carrier for UL ACK/NAK and a DL carrier for DL
data are always associated, or (2) an UL carrier for UL
ACK/NAK and a DL carrier for DL control are always as-
sociated.
[0058] Based on at least the above discussion, it can
be appreciated that the existence of the DAI in UL as-
signments can facilitate efficient ACK/NAK feedback for
TDD systems and/or other suitable systems. However,
as further noted above, UE 120 can in some cases be
configured with multiple component carriers. Thus, in
some cases, the concept of DAI for single-carrier sys-
tems can be extended to multi-carrier scenarios, where
instead of indicating the number of DL assignments over
the bundling window, the DAI can indicate the number
of DL assignments over multiple carriers (e.g., over fre-
quency). Accordingly, for TDD systems, two DAIs can be
utilized: a time-based DAI (DAI _time), which indicates
the total (or accumulative) DL assignments in a given
bundling window, and a frequency-based DAI (DAI_freq)
that indicates the total number of DL carriers that have
at least one DL assignment in the given DL subframe

bundling window. This DAI configuration is illustrated in
further detail by diagram 500 in Fig. 5.
[0059] In accordance with various aspects described
herein, DAI signaling can be generated and/or processed
within system 100 such that DAI signaling provided on a
given carrier can provide a specific number of DL trans-
mission assignments applied to a different carrier, there-
by further improving DAI design over the techniques il-
lustrated in diagram 500. It should be appreciated that
the various examples provided herein can be utilized in
place of, or complementary to, the {DAI_time, DAI_freq}
structure illustrated in diagram 500.
[0060] In accordance with one aspect, base station 110
and UE 120 in system 100 can utilize cross-carrier DAI
signaling for indicating and processing DL assignment
information corresponding to various carriers. Thus, for
example, base station 100 can configure at least one
indication of a number of DL transmission assignments
for one or more carriers to include index information (e.g.,
a carrier index field (CIF) or the like) that associates the
one or more carriers with the number of DL transmission
assignments with which they are associated. Corre-
spondingly, UE 120 can utilize transmission assignment
analyzer 122 and/or other suitable means to identify one
or more carriers corresponding to transmission assign-
ment signaling via index information, such as a CIF or
the like, provided in the transmission assignment signal-
ing.
[0061] By way of example, cross-carrier DAI signaling
can be implemented by base station 110 and/or UE 120
in the following manner. While the following example as-
sumes a two-carrier allocation, it should be appreciated
that the concepts described and illustrated herein can be
applied for any suitable number of carriers. In one exam-
ple, UE 120 can be configured with two component car-
riers denoted by C1 and C2, for the following two sce-
narios: (1) DL data transmission(s) on C1 and one UL
data transmission on C2; and (2) two DL data transmis-
sions in the bundling window on C1, one DL data trans-
mission in the bundling window on C2, and one UL data
transmission on C2. In scenario (1), it can be appreciated
that the DAI field in the DL control signaling that assigns
UL data transmission on C2 is meaningless, as there is
no corresponding DL data transmission on C2. Further,
in scenario (2), it can be appreciated that the DAI field in
the DL control signaling that assigns UL transmission on
C2 would be more useful if it was configured to indicate
the total number of DL data transmissions on C1, instead
of that of C2, as there are 2 DL data transmissions on
C1 but only one on C2.
[0062] In both of the above scenarios, it can be appre-
ciated that it would be desirable if the DAI field in the DL
signaling that assigns UL data transmission on C2 could
also indicate the total number of DL data transmissions
in the bundling window for a different carrier (e.g., such
that the DAIs provide cross-carrier indication). Alterna-
tively, it can be appreciated that other cases of cross-
carrier DAI signaling would similarly be desirable. Ac-
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cordingly, cross-carrier DAI signaling can be implement-
ed as follows. In the event that M component carriers are
configured for UE 120 (or a corresponding cell), for each
UL or DL component, a CIF can be introduced for DAI
(e.g., CIF_DAI) that has a range of 0 to N bits, where N
= ceil(log2(M)). An example of cross-carrier DAI signaling
that can be generated and utilized in this manner is illus-
trated by diagram 600 in Fig. 6. It should be appreciated,
however that the number’ of bits utilized for the CIF_DAI
is not required to be ceil(log2(M)) such that the entire
space of M component carriers can be addressed; in-
stead, CIF values can be configured to apply only to a
subset of carriers (e.g., anchor carriers and/or any other
suitable selected group(s) of carriers), respective groups
of more than one carrier, and/or any other suitable CIF-
to-carrier mapping.
[0063] By way of a specific illustrative example, a CIF
can be a fixed 3-bit field that facilitates a UE-specific map-
ping of possible CIF values to respective carriers. Ac-
cordingly, for example, a value of 000 could be utilized
to indicate a first carrier, a value of 001 could be utilized
to indicate a second carrier, a value of 010 could be uti-
lized to indicate the first carrier and the second carrier,
and so on. Alternatively, it should be appreciated that
any suitable mapping of CIF configurations to carriers
could be utilized.
[0064] In another example, the number of bits utilized
for CIF_DAI can be chosen by considering the possible
size-matching between DL DCI formats and UL DCI for-
mats such that, e.g., PDCCH blind decoding and/or other
suitable decoding operations can be minimized (e.g., by
having the same DL/UL DCI format sizes). For example,
if a DL DCI has L bits and a corresponding UL DCI has
L-1 bits before size-matching, a 1-bit CIF_DAI can be
chosen such that no extra zero-padding bits are neces-
sary. By doing so, it can be appreciated that a tradeoff
can be achieved between control overhead and flexibility
in cross-carrier DAI signaling. In a further example, for a
given number of bits utilized for CIF_DAI, UE 120 can be
configured via a radio resource control (RRC) entity
and/or other suitable mechanisms to identify the carri-
er(s) addressed by the CIF DAI. In an additional example,
the number of bits utilized for CIF_DAI can be UE-spe-
cific, cell-specific, and/or determined in any suitable uni-
form or non-uniform manner throughout system 100.
[0065] In accordance with another aspect, base station
110 can facilitate signaling indications of DL transmission
assignments on multiple carriers by transmitting multiple
DAIs for the multiple carriers in a corresponding UL or
DL assignment. An example of multiple DAI signaling
that can be conducted in this manner is illustrated by
diagram 700 in Fig. 7. With regard to base station 110
in system 100, assignment signaling generator 116
and/or other suitable associated modules can facilitate
multiple DAI signaling by configuring a plurality of indi-
cations to specify numbers of DL transmission assign-
ments associated with respective carriers in an associ-
ated plurality of carriers. Upon generation of such indi-

cations, the plurality of indications can be transmitted by
transceiver 118 on one control signal or multiple (e.g.,
two or more) control signals. The control signals can be
communicated via, e.g., PDCCH and/or any other suita-
ble channel(s). In the event that two or more control sig-
nals are utilized, the control signals can be transmitted
on one carrier or multiple (e.g., two or more) carriers.
[0066] Correspondingly, at UE 120, transceiver 118
can be utilized to obtain transmission assignment sign-
aling provided by base station 110 via one control signal
or multiple control signals (on one or more carriers) as
described above. Based on the transmission assignment
signaling, transmission assignment analyzer 122 and/or
other mechanisms associated with UE 120 can deter-
mine a plurality of numbers of DL transmission assign-
ments associated with respective carriers in an associ-
ated plurality of carriers.
[0067] In one example, multiple DAIs can be transmit-
ted by base station 110 for multiple carriers in a UL or
DL assignment in the following manner. For example,
instead of utilizing the {DAI value, CIF_DAI} structure as
discussed above for cross-carrier DAI signaling, base
station 110 can transmit N ≤ M DAIs in each UL or DL
assignment, where M is the number of component car-
riers, in the form {DAI_1, DAI_2, ..., DAI_N} or the like.
In accordance with one aspect, the set {DAI_1, DAI_2, ...,
DAI_N} can be individually coded (e.g., coded on a per-
indication basis) or jointly coded.
[0068] In another example, as implied by N ≤ M it can
be appreciated that DAIs need not in all cases be pro-
vided for all M component carriers. Instead, in some cas-
es N carriers can be selected that are associated with,
e.g., anchor carriers and/or any other selection of carri-
ers, which can be equal to or less than M. In a further
example, in the event that DAIs are provided for less than
all component carriers assigned to a given UE 120, UE
120 can be operable to map respective DAIs to carriers
in various manners. For example, CIF information can
be provided with one or more DAIs. Alternatively, UE 120
can leverage a set of mappings between a number of
DAIs provided in transmission assignment signaling and
the carriers to which the DAIs refer. Such mappings can
be static mappings (e.g., L3-configured static mappings)
and/or constructed in any other suitable manner. In a
further example, multiple mappings can be provided for
different numbers of DAIs, such that transmission assign-
ment signaling with differing numbers of DAIs (e.g., 2
DAIs, 3 DAIs, etc.) can correspond to different sets of
carriers utilized within system 100.
[0069] In accordance with still another aspect, one or
more DAI values can be provided by base station 110
within transmission assignment signaling that cover mul-
tiple carriers in a corresponding UL assignment, such
that the DAI signaling is aggregated over frequency (e.g.,
multiple carriers) and time (e.g., over a DL subframe bun-
dling window). An example of aggregated DAI signaling
that can be constructed in this manner is illustrated by
diagram 800 in Fig. 8. With regard to base station 110
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in system 100, transmission assignment manager 114
and/or other suitable modules can be utilized to configure
at least one indication (e.g., a DAI) to specify a combined
number of DL transmission assignments associated with
one or more first carriers and one or more second carri-
ers. Correspondingly, at UE 120, transmission assign-
ment analyzer 122 can be utilized to determine a com-
bined number of DL transmission assignments associat-
ed with one or more first carriers and one or more second
carriers based on received transmission assignment sig-
naling. In one non-limiting example case, transmission
assignment signaling provided by base station 110 to UE
120 can include an indication and/or other information
that specifies a number of DL transmission assignments
associated with substantially all carriers in a set of carri-
ers associated with one or more entities in system 100.
[0070] In one example, in the event that M component
carriers are utilized, base station 110 can construct K ≥
1 DAIs, where each DAI covers Mk carriers such that M1
+ M2 + ... +MK = M. In one example, the respective K
DAIs can be statically or semi-statically partitioned over
the M component carriers in any suitable uniform or non-
uniform manner. Thus, by way of illustration, in a 5-carrier
system, a first DAI can correspond to carriers 1 and 2, a
second DAI can correspond to carriers 3 and 4, and a
third DAI can correspond to carrier 5. It should be appre-
ciated, however, that any suitable mapping can be uti-
lized. In another example, for the special case of K = 1
as noted above, a DAI in an UL assignment or DL as-
signment can indicate the total number of DL assign-
ments in the DL subframe bundling window over all car-
riers. In a further example, aggregated DAI signaling as
described above can utilize CIF information in a similar
manner to the cross-carrier DAI signaling illustrated by
Fig. 6, multiple DAIs in a similar manner to that shown
by Fig. 7, and/or any other suitable properties to facilitate
the DAI signaling.
[0071] In accordance with a further aspect, as dis-
cussed above, a carrier utilized by UE 120 for UL
ACK/NAK feedback can be associated with correspond-
ing DL data transmission or DL control transmissions
(e.g., PDSCH or PDCCH, etc.). As a result, it can be
appreciated that base station 110 and/or UE 120 can
leverage at least two options with respect to DAI signaling
association. In a first example, DAI can be configured to
always count the number of DL data transmissions over
a given carrier. Alternatively, in a second example, DAI
can be configured to always count the number of DL con-
trol transmissions over the given carrier, although some
DL control may signal DL data transmissions over differ-
ent carriers. Thus, in accordance with one aspect, base
station 110 can determine at least one of a number of
DL control signal transmission assignments or a number
of DL data transmission assignments associated with
one or more carriers such that UE 120 can retrieve such
information from transmission assignment signaling re-
ceived from base station 110. In one example, an option
utilized for DAI association can be selected by base sta-

tion 110 and/or UE 120 from the above options and/or
other suitable options via an overarching network spec-
ification or other similar means, cell-specific or UE-spe-
cific configuration, and/or in any other suitable manner.
[0072] In accordance with an additional aspect, the
number of bits utilized for a DAI can be leveraged to imply
the carrier(s) to which the DAI refers. Accordingly, it can
be appreciated that in addition to the payload of the DAI,
the number of bits utilized for the DAI can additionally be
utilized by base station 110 and/or UE 120 to facilitate
one or more of the operations described above. In one
example, an L3-configured mapping and/or other suita-
ble means can be utilized to map respective DAI bit sizes
to corresponding carriers, in a similar manner to that de-
scribed for leveraging of a number of DAIs with respect
to Fig. 7 above.
[0073] Referring now to Figs. 9-13, various methodol-
ogies that can be performed in accordance with various
aspects set forth herein are illustrated. While, for purpos-
es of simplicity of explanation, the methodologies are
shown and described as a series of acts, it is to be un-
derstood and appreciated that the methodologies are not
limited by the order of acts, as some acts can, in accord-
ance with one or more aspects, occur in different orders
and/or concurrently with other acts from that shown and
described herein. For example, those skilled in the art
will understand and appreciate that a methodology could
alternatively be represented as a series of interrelated
states or events, such as in a state diagram. Moreover,
not all illustrated acts may be required to implement a
methodology in accordance with one or more aspects.
[0074] With reference to Fig. 9, illustrated is a first
methodology 900 for generating signaling indicative of
downlink transmission assignments made within a multi-
carrier wireless communication environment. It is to be
appreciated that methodology 900 can be performed by,
for example, a base station (e.g., base station 110) and/or
any other appropriate network entity. Methodology 900
begins at block 902, wherein a plurality of carriers con-
figured for communication in a wireless communication
system is identified (e.g., by a carrier analysis module
112). At block 904, a number of DL transmission assign-
ments associated with one or more first carriers in the
plurality of carriers is determined (e.g., by a transmission
assignment manager 114). At block 906, at least one
indication is configured (e.g., by an assignment signaling
generator 116) for communication over at least one sec-
ond carriers in the plurality of carriers that specifies the
number of DL transmission assignments associated with
at least the one or more first carriers.
[0075] Fig. 10 illustrates a second methodology 1000
for generating signaling indicative of downlink transmis-
sion assignments made within a multi-carrier wireless
communication environment. It is to be appreciated that
methodology 1000 can be performed by, for example, an
eNB and/or any other appropriate network entity. Meth-
odology 1000 begins at block 1002, wherein a plurality
of carriers configured for communication in a wireless

21 22 



EP 3 723 316 A1

13

5

10

15

20

25

30

35

40

45

50

55

communication system is identified. At block 1004, a
number of DL transmission assignments associated with
one or more first carriers in the plurality of carriers is
determined. At block 1006, at least one indication is con-
figured that specifies the number of DL transmission as-
signments associated with at least the one or more first
carriers and index information that associates the one or
more first carriers with the number of DL transmission
assignments associated with the one or more first carri-
ers.
[0076] Turning now to Fig. 11, a third methodology
1100 for generating signaling indicative of downlink
transmission assignments made within a multi-carrier
wireless communication environment. Methodology
1100 can be performed by, for example, a network cell
and/or any other appropriate network entity. Methodolo-
gy 1100 begins at block 1102, wherein a plurality of car-
riers configured for communication in a wireless commu-
nication system is identified. At block 1104, numbers of
DL transmission assignments are determined that are
associated with respective carriers in the plurality of car-
riers that include one or more first carriers. At block 1106,
a plurality of indications is configured that specify the
numbers of DL transmission assignments associated
with the respective carriers in the plurality of carriers.
[0077] Fig. 12 illustrates a fourth methodology 1200
for generating signaling indicative of downlink transmis-
sion assignments made within a multi-carrier wireless
communication environment. Methodology 1200 can be
performed by, for example, a base station and/or any
other appropriate network entity. Methodology 1200 be-
gins at block 1202, wherein a plurality of carriers config-
ured for communication in a wireless communication sys-
tem is identified. At block 1204, an indication is configured
that specifies a number of DL transmission assignments
associated with substantially all carriers in the plurality
of carriers.
[0078] Turning to Fig. 13, a methodology 1300 for
processing transmission assignment signaling that in-
cludes multi-carrier assignment information is illustrated.
Methodology 1300 can be performed by, for example, a
UE (e.g., UE 120) and/or any other suitable network en-
tity. Methodology 1300 begins at block 1302, wherein a
plurality of carriers configured for communication with a
wireless communication network is identified (e.g., via a
carrier analysis module 112). At block 1304, transmission
assignment signaling is obtained from the wireless com-
munication network (e.g., via a transceiver 118) over at
least one or more first carriers in the plurality of carriers.
At block 1306, a number of DL transmission assignments
associated with at least one or more second carriers in
the plurality of carriers is determined (e.g., by a trans-
mission assignment analyzer 122) based on the trans-
mission assignment signaling.
[0079] Referring next to Figs. 14-15, respective appa-
ratuses 1400-1500 that can be implemented in accord-
ance with various aspects herein are illustrated. It is to
be appreciated that apparatuses 1400-1500 are repre-

sented as including functional blocks, which can be func-
tional blocks that represent functions implemented by a
processor, software, or combination thereof (e.g.,
firmware).
[0080] With reference first to Fig. 14, a first apparatus
1400 that facilitates generation and processing of down-
link assignment indicator signaling in a multi-carrier wire-
less communication system is illustrated. Apparatus
1400 can be implemented by a base station (e.g., base
station 110) and/or any other suitable network entity and
can include a module 1402 for identifying a plurality of
carriers associated with a wireless communication sys-
tem, at least one first carrier in the plurality of carriers,
and at least one second carrier in the plurality of carriers;
a module 1404 for obtaining information relating to a
number of DL transmission assignments applied to the
at least one first carrier; and a module 1406 for generating
a DAI for transmission on the at least one second carder
that specifies the number of DL transmission assign-
ments applied to the at least one first carrier.
[0081] Fig. 15 illustrates a second apparatus 1500 that
facilitates generation and processing of downlink assign-
ment indicator signaling in a multi-carrier wireless com-
munication system. Apparatus 1500 can be implemented
by a mobile terminal (e.g., UE 120) and/or any other suit-
able network entity and can include a module 1502 for
identifying a plurality of carriers designated for commu-
nication with a wireless communication network, at least
one first carrier in the plurality of carriers, and at least
one second carrier in the plurality of carriers; a module
1504 for obtaining one or more DAIs from the wireless
communication network on the at least one first carrier;
and a module 1506 for determining a number of DL trans-
mission assignments applied to the at least one second
carrier based on the one or more DAIs.
[0082] Referring now to Fig. 16, an illustration of a wire-
less multiple-access communication system is provided
in accordance with various aspects. In one example, an
access point 1600 (AP) includes multiple antenna
groups. As illustrated in Fig. 16, one antenna group can
include antennas 1604 and 1606, another can include
antennas 1608 and 1610, and another can include an-
tennas 1612 and 1614. While only two antennas are
shown in Fig. 16 for each antenna group, it should be
appreciated that more or fewer antennas may be utilized
for each antenna group. In another example, an access
terminal 1616 can be in communication with antennas
1612 and 1614, where antennas 1612 and 1614 transmit
information to access terminal 1616 over forward link
1620 and receive information from access terminal 1616
over reverse link 1618. Additionally and/or alternatively,
access terminal 1622 can be in communication with an-
tennas 1606 and 1608, where antennas 1606 and 1608
transmit information to access terminal 1622 over for-
ward link 1626 and receive information from access ter-
minal 1622 over reverse link 1624. In a frequency division
duplex system, communication links 1618, 1620, 1624
and 1626 can use different frequency for communication.
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For example, forward link 1620 may use a different fre-
quency then that used by reverse link 1618.
[0083] Each group of antennas and/or the area in
which they are designed to communicate can be referred
to as a sector of the access point. In accordance with
one aspect, antenna groups can be designed to commu-
nicate to access terminals in a sector of areas covered
by access point 1600. In communication over forward
links 1620 and 1626, the transmitting antennas of access
point 1600 can utilize beamforming in order to improve
the signal-to-noise ratio of forward links for the different
access terminals 1616 and 1622. Also, an access point
using beamforming to transmit to access terminals scat-
tered randomly through its coverage causes less inter-
ference to access terminals in neighboring cells than an
access point transmitting through a single antenna to all
its access terminals.
[0084] An access point, e.g., access point 1600, can
be a fixed station used for communicating with terminals
and can also be referred to as a base station, an eNB,
an access network, and/or other suitable terminology. In
addition, an access terminal, e.g., an access terminal
1616 or 1622, can also be referred to as a mobile terminal,
user equipment, a wireless communication device, a ter-
minal, a wireless terminal, and/or other appropriate ter-
minology.
[0085] Referring now to Fig. 17, a block diagram illus-
trating an example wireless communication system 1700
in which various aspects described herein can function
is provided. In one example, system 1700 is a multiple-
input multiple-output (MIMO) system that includes a
transmitter system 1710 and a receiver system 1750. It
should be appreciated, however, that transmitter system
1710 and/or receiver system 1750 could also be applied
to a multi-input single-output system wherein, for exam-
ple, multiple transmit antennas (e.g., on a base station),
can transmit one or more symbol streams to a single
antenna device (e.g., a mobile station). Additionally, it
should be appreciated that aspects of transmitter system
1710 and/or receiver system 1750 described herein
could be utilized in connection with a single output to
single input antenna system.
[0086] In accordance with one aspect, traffic data for
a number of data streams are provided at transmitter
system 1710 from a data source 1712 to a transmit (TX)
data processor 1717. In one example, each data stream
can then be transmitted via a respective transmit antenna
1724. Additionally, TX data processor 1714 can format,
encode, and interleave traffic data for each data stream
based on a particular coding scheme selected for each
respective data stream in order to provide coded data.
In one example, the coded data for each data stream can
then be multiplexed with pilot data using OFDM tech-
niques. The pilot data can be, for example, a known data
pattern that is processed in a known manner. Further,
the pilot data can be used at receiver system 1750 to
estimate channel response. Back at transmitter system
1710, the multiplexed pilot and coded data for each data

stream can be modulated (e.g., symbol mapped) based
on a particular modulation scheme (e.g., BPSK, QSPK,
M-PSK, or M-QAM) selected for each respective data
stream in order to provide modulation symbols. In one
example, data rate, coding, and modulation for each data
stream can be determined by instructions performed on
and/or provided by processor 1730.
[0087] Next, modulation symbols for all data streams
can be provided to a TX MIMO processor 1720, which
can further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 1720 can then provides NT
modulation symbol streams to NT transceivers 1722a
through 1722t. In one example, each transceiver 1722
can receive and process a respective symbol stream to
provide one or more analog signals. Each transceiver
1722 can then further condition (e.g., amplify, filter, and
upconvert) the analog signals to provide a modulated
signal suitable for transmission over a MIMO channel.
Accordingly, NT modulated signals from transceivers
1722a through 1722t can then be transmitted from NT
antennas 1724a through 1724t, respectively.
[0088] In accordance with another aspect, the trans-
mitted modulated signals can be received at receiver sys-
tem 1750 by NR antennas 1752a through 1752r. The re-
ceived signal from each antenna 1752 can then be pro-
vided to respective transceivers 1754. In one example,
each transceiver 1754 can condition (e.g., filter, amplify,
and downconvert) a respective received signal, digitize
the conditioned signal to provide samples, and then proc-
esses the samples to provide a corresponding "received"
symbol stream. An RX MIMO/data processor 1760 can
then receive and process the NR received symbol
streams from NR transceivers 1754 based on a particular
receiver processing technique to provide NT "detected"
symbol streams. In one example, each detected symbol
stream can include symbols that are estimates of the
modulation symbols transmitted for the corresponding
data stream. RX processor 1760 can then process each
symbol stream at least in part by demodulating, deinter-
leaving, and decoding each detected symbol stream to
recover traffic data for a corresponding data stream.
Thus, the processing by RX processor 1760 can be com-
plementary to that performed by TX MIMO processor
1720 and TX data processor 1714 at transmitter system
1710. RX processor 1760 can additionally provide proc-
essed symbol streams to a data sink 1764.
[0089] In accordance with one aspect, the channel re-
sponse estimate generated by RX processor 1760 can
be used to perform space/time processing at the receiver,
adjust power levels, change modulation rates or
schemes, and/or other appropriate actions. Additionally,
RX processor 1760 can further estimate channel char-
acteristics such as, for example, signal-to-noise-and-in-
terference ratios (SNRs) of the detected symbol streams.
RX processor 1760 can then provide estimated channel
characteristics to a processor 1770. In one example, RX
processor 1760 and/or processor 1770 can further derive
an estimate of the "operating" SNR for the system. Proc-
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essor 1770 can then provide channel state information
(CSI), which can comprise information regarding the
communication link and/or the received data stream. This
information can include, for example, the operating SNR.
The CSI can then be processed by a TX data processor
1718, modulated by a modulator 1780, conditioned by
transceivers 1754a through 1754r, and transmitted back
to transmitter system 1710. In addition, a data source
1716 at receiver system 1750 can provide additional data
to be processed by TX data processor 1718.
[0090] Back at transmitter system 1710, the modulated
signals from receiver system 1750 can then be received
by antennas 1724, conditioned by transceivers 1722, de-
modulated by a demodulator 1740, and processed by a
RX data processor 1742 to recover the CSI reported by
receiver system 1750. In one example, the reported CSI
can then be provided to processor 1730 and used to de-
termine data rates as well as coding and modulation
schemes to be used for one or more data streams. The
determined coding and modulation schemes can then be
provided to transceivers 1722 for quantization and/or use
in later transmissions to receiver system 1750. Addition-
ally and/or alternatively, the reported CSI can be used
by processor 1730 to generate various controls for TX
data processor 1714 and TX MIMO processor 1720. In
another example, CSI and/or other information proc-
essed by RX data processor 1742 can be provided to a
data sink 1744.
[0091] In one example, processor 1730 at transmitter
system 1710 and processor 1770 at receiver system
1750 direct operation at their respective systems. Addi-
tionally, memory 1732 at transmitter system 1710 and
memory 1772 at receiver system 1750 can provide stor-
age for program codes and data used by processors 1730
and 1770, respectively. Further, at receiver system 1750,
various processing techniques can be used to process
the NR received signals to detect the NT transmitted sym-
bol streams. These receiver processing techniques can
include spatial and space-time receiver processing tech-
niques, which can also be referred to as equalization
techniques, and/or "successive nulling/equalization and
interference cancellation" receiver processing tech-
niques, which can also be referred to as "successive in-
terference cancellation" or "successive cancellation" re-
ceiver processing techniques.
[0092] It is to be understood that the aspects described
herein can be implemented by hardware, software,
firmware, middleware, microcode, or any combination
thereof. When the systems and/or methods are imple-
mented in software, firmware, middleware or microcode,
program code or code segments, they can be stored in
a machine-readable medium, such as a storage compo-
nent. A code segment can represent a procedure, a func-
tion, a subprogram, a program, a routine, a subroutine,
a module, a software package, a class, or any combina-
tion of instructions, data structures, or program state-
ments. A code segment can be coupled to another code
segment or a hardware circuit by passing and/or receiv-

ing information, data, arguments, parameters, or mem-
ory contents. Information, arguments, parameters, data,
etc. can be passed, forwarded, or transmitted using any
suitable means including memory sharing, message
passing, token passing, network transmission, etc.
[0093] For a software implementation, the techniques
described herein can be implemented with modules (e.g.,
procedures, functions, and so on) that perform the func-
tions described herein. The software codes can be stored
in memory units and executed by processors. The mem-
ory unit can be implemented within the processor or ex-
ternal to the processor, in which case it can be commu-
nicatively coupled to the processor via various means as
is known in the art.
[0094] What has been described above includes ex-
amples of one or more aspects. It is, of course, not pos-
sible to describe every conceivable combination of com-
ponents or methodologies for purposes of describing the
aforementioned aspects, but one of ordinary skill in the
art can recognize that many further combinations and
permutations of various aspects are possible. Accord-
ingly, the described aspects are intended to embrace all
such alterations, modifications and variations that fall
within the spirit and scope of the appended claims. Fur-
thermore, to the extent that the term "includes" is used
in either the detailed description or the claims, such term
is intended to be inclusive in a manner similar to the term
"comprising" as "comprising" is interpreted when em-
ployed as a transitional word in a claim. Furthermore, the
term "or" as used in either the detailed description or the
claims is meant to be a "non-exclusive or."

FURTHER SUMMARY OF THE INVENTION

[0095]

1. A method, comprising:

identifying a plurality of carriers configured for
communication in a wireless communication
system;
determining a number of downlink transmission
assignments associated with one or more first
carriers in the plurality of carriers; and
configuring, for communication over at least one
or more second carriers in the plurality of carri-
ers, at least one indication that specifies the
number of downlink transmission assignments
associated with at least the one or more first
carriers.

2. The method of 1, wherein the one or more second
carriers are disparate from the one or more first car-
riers.

3. The method of 1, wherein the at least one indica-
tion comprises downlink assignment index (DAI) sig-
naling.

27 28 



EP 3 723 316 A1

16

5

10

15

20

25

30

35

40

45

50

55

4. The method of 1, wherein the configuring com-
prises configuring the at least one indication to in-
clude index information that associates the one or
more first carriers with the number of downlink trans-
mission assignments associated with the one or
more first carriers.

5. The method of 4, wherein the index information
comprises a carrier index field (CIF).

6. The method of 1, wherein the configuring com-
prises configuring the at least one indication to spec-
ify one or more of a total number of downlink trans-
mission assignments associated with at least the one
or more first carriers or an accumulative number of
downlink transmission assignments associated with
at least the one or more first carriers.

7. The method of 1, wherein the configuring com-
prises configuring the at least one indication to spec-
ify a combined number of downlink transmission as-
signments associated with the one or more first car-
riers and the one or more second carriers.

8. The method of 1, further comprising transmitting
the at least one indication via at least one of a down-
link transmission assignment or an uplink transmis-
sion assignment.

9. The method of 1, wherein the configuring com-
prises configuring a plurality of indications to specify
numbers of downlink transmission assignments as-
sociated with respective carriers in the plurality of
carriers, and wherein the respective carriers include
the one or more first carriers.

10. The method of 9, further comprising transmitting
the plurality of indications via at least one control
signal.

11. The method of 10, wherein the configuring further
comprises coding the plurality of indications for
transmission on the at least one control signal using
at least one of per-indication coding or joint coding.

12. The method of 1, wherein the configuring com-
prises configuring the at least one indication to spec-
ify a number of downlink transmission assignments
associated with substantially all carriers in the plu-
rality of carriers.

13. The method of 1, wherein the determining com-
prises determining at least one of a number of down-
link control signal transmission assignments associ-
ated with the one or more first carriers or a number
of downlink data transmission assignments associ-
ated with the one or more first carriers.

14. A wireless communications apparatus, compris-
ing:

a memory that stores data relating to a plurality
of carriers configured for communication in a
wireless communication system; and
a processor configured to determine a number
of downlink transmission assignments associat-
ed with one or more first carriers in the plurality
of carriers and to configure, for communication
over one or more second carriers in the plurality
of carriers, at least one indication that specifies
the number of downlink transmission assign-
ments associated with at least the one or more
first carriers.

15. The wireless communications apparatus of 14,
wherein the one or more second carriers are dispa-
rate from the one or more first carriers.

16. The wireless communications apparatus of 14,
wherein the processor is further configured to con-
figure the at least one indication to include index in-
formation that associates the one or more first car-
riers with the number of downlink transmission as-
signments associated with the one or more first car-
riers.

17. The wireless communications apparatus of 14,
wherein the processor is further configured to con-
figure the at least one indication to specify a com-
bined number of downlink transmission assignments
associated with the one or more first carriers and the
one or more second carriers.

18. The wireless communications apparatus of 14,
wherein the processor is further configured to con-
figure a plurality of indications to specify numbers of
downlink transmission assignments associated with
respective carriers in the plurality of carriers, and
wherein the respective carriers include the one or
more first carriers.

19. An apparatus, comprising:

means for identifying a plurality of carriers as-
sociated with a wireless communication system,
at least one first carrier in the plurality of carriers,
and at least one second carrier in the plurality
of carriers;
means for obtaining information relating to a
number of downlink transmission assignments
applied to the at least one first carrier; and
means for generating a downlink assignment in-
dex (DAI) for transmission on the at least one
second carrier that specifies the number of
downlink transmission assignments applied to
the at least one first carrier.
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20. The apparatus of 19, wherein the at least one
first carrier is disparate from the at least one second
carrier.

21. The apparatus of 19, wherein the means for gen-
erating comprises means for associating a carrier
index field (CIF) that identifies the at least one first
carrier with the DAI.

22. The apparatus of 19, wherein the means for gen-
erating comprises means for generating a DAI that
specifies a combined number of downlink transmis-
sion assignments applied to the at least one first car-
rier and the at least one second carrier.

23. The apparatus of 19, wherein the means for gen-
erating comprises means for generating a plurality
of DAIs that specify respective numbers of downlink
transmission assignments applied to respectively
corresponding sets of one or more carriers in the
plurality of carriers.

24. A computer program product, comprising:
a computer-readable medium, comprising:

code for causing a computer to identify a plurality
of carriers associated with a wireless communi-
cation system, at least one first carrier in the
plurality of carriers, and at least one second car-
rier in the plurality of carriers;
code for causing a computer to obtain informa-
tion relating to a number of downlink transmis-
sion assignments applied to the at least one first
carrier; and
code for causing a computer to generate a
downlink assignment index (DAI) for transmis-
sion on the at least one second carrier that spec-
ifies the number of downlink transmission as-
signments applied to the at least one first carrier.

25. The computer program product of 24, wherein
the at least one first carrier is disparate from the at
least one second carrier.

26. A method, comprising:

identifying a plurality of carriers configured for
communication with a wireless communication
network;
obtaining transmission assignment signaling
from the wireless communication network over
at least one or more first carriers in the plurality
of carriers; and
determining, based on the transmission assign-
ment signaling, a number of downlink transmis-
sion assignments associated with at least one
or more second carriers in the plurality of carri-
ers.

27. The method of 26, wherein the one or more sec-
ond carriers are disparate from the one or more first
carriers.

28. The method of 26, wherein the determining com-
prises determining the number of downlink transmis-
sion assignments associated with at least the one or
more second carriers based on downlink assignment
index (DAI) signaling provided in the transmission
assignment signaling.

29. The method of 26, wherein the determining com-
prises identifying the one or more second carriers
via index information provided in the transmission
assignment signaling.

30. The method of 29, wherein the index information
comprises a carrier index field (CIF).

31. The method of 26, wherein the determining com-
prises determining one or more of a total number of
downlink transmission assignments associated with
at least the one or more second carriers or an accu-
mulative number of downlink transmission assign-
ments associated with at least the one or more sec-
ond carriers.

32. The method of 26, wherein the determining com-
prises determining a combined number of downlink
transmission assignments associated with the one
or more first carriers and the one or more second
carriers based on the transmission assignment sig-
naling.

33. The method of 26, wherein the transmission as-
signment signaling comprises at least one of a down-
link transmission assignment or an uplink transmis-
sion assignment.

34. The method of 26, wherein determining compris-
es determining, based on the transmission assign-
ment signaling, a plurality of numbers of downlink
transmission assignments associated with respec-
tive carriers in the plurality of carriers, and wherein
the respective carriers include the one or more sec-
ond carriers.

35. The method of 34, wherein the obtaining com-
prises obtaining at least one control signal that in-
cludes the transmission assignment signaling.

36. The method of 35, wherein the plurality of num-
bers of downlink transmission assignments are en-
coded on the at least one control signal via at least
one of individual coding or joint coding.

37. The method of 26, wherein the determining com-
prises determining a number of downlink transmis-
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sion assignments associated with substantially all
carriers in the plurality of carriers based on the trans-
mission assignment signaling.

38. The method of 26, wherein the determining com-
prises determining at least one of a number of down-
link control signal transmission assignments or a
number of downlink data transmission assignments
associated with the one or more second carriers
based on the transmission assignment signaling.

39. A wireless communications apparatus, compris-
ing:

a memory that stores data relating to a plurality
of carriers configured for communication with a
wireless communication network; and
a processor configured to obtain transmission
assignment signaling from the wireless commu-
nication network over at least one or more first
carriers in the plurality of carriers and to deter-
mine, based on the transmission assignment
signaling, a number of downlink transmission
assignments associated with at least one or
more second carriers in the plurality of carriers.

40. The wireless communications apparatus of 39,
wherein the one or more second carriers are dispa-
rate from the one or more first carriers.

41. The wireless communications apparatus of 39,
wherein the processor is further configured to identify
the one or more second carriers via index information
provided in the transmission assignment signaling.

42. The wireless communications apparatus of 39,
wherein the processor is further configured to deter-
mine a combined number of downlink transmission
assignments associated with the one or more first
carriers and the one or more second carriers based
on the transmission assignment signaling.

43. The wireless communications apparatus of 39,
wherein the processor is further configured to deter-
mine, based on the transmission assignment sign-
aling, a plurality of numbers of downlink transmission
assignments associated with respective carriers in
the plurality of carriers, and wherein the respective
carriers include the one or more second carriers.

44. An apparatus, comprising:

means for identifying a plurality of carriers des-
ignated for communication with a wireless com-
munication network, at least one first carrier in
the plurality of carriers, and at least one second
carrier in the plurality of carriers;
means for obtaining one or more downlink as-

signment indexes (DAIs) from the wireless com-
munication network on the at least one first car-
rier; and
means for determining a number of downlink
transmission assignments applied to the at least
one second carrier based on the one or more
DAIs.

45. The apparatus of 44, wherein the at least one
first carrier is disparate from the at least one second
carrier.

46. The apparatus of 44, wherein the means for de-
termining comprises:

means for identifying a carrier index field (CIF)
in the one or more DAIs; and
means for identifying the at least one second
carrier based on the CIF.

47. The apparatus of 44, wherein the means for de-
termining comprises means for determining a com-
bined number of downlink transmission assignments
applied to the at least one first carrier and the at least
one second carrier based on the one or more DAIs.

48. The apparatus of 44, wherein:

the means for obtaining comprises means for
obtaining a plurality of DAIs; and
the means for determining comprises means for
identifying respective numbers of downlink
transmission assignments from respective DAIs
in the plurality of DAIs that are applied to respec-
tive carriers in the plurality of carriers that include
the at least one second carrier.

49. A computer program product, comprising:
a computer-readable medium, comprising:

code for causing a computer to identify a plurality
of carriers designated for communication with a
wireless communication network, at least one
first carrier in the plurality of carriers, and at least
one second carrier in the plurality of carriers that
is disparate from the at least one first carrier;
code for causing a computer to obtain one or
more downlink assignment indexes (DAIs) from
the wireless communication network on the at
least one first carrier; and
code for causing a computer to determine a
number of downlink transmission assignments
applied to the at least one second carrier based
on the one or more DAIs.

50. The computer program product of 49, wherein
the at least one first carrier is disparate from the at
least one second carrier.
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Claims

1. A method, comprising:

identifying a plurality of carriers configured for
communication in a wireless communication
system;
determining a number of downlink transmission
assignments associated with one or more first
carriers in the plurality of carriers; and
configuring, for communication over at least one
or more second carriers in the plurality of carri-
ers, at least one indication that specifies the
number of downlink transmission assignments
associated with at least the one or more first
carriers, wherein the at least one indication com-
prises downlink assignment index, DAI, signal-
ing, wherein the DAI signaling specifies one or
more of a total number of downlink transmission
assignments associated with at least the one or
more first carriers and further species a com-
bined number of downlink transmission assign-
ments associated with the one or more first car-
riers and the one or more second carriers.

2. The method of claim 1, wherein the one or more sec-
ond carriers are disparate from the one or more first
carriers.

3. The method of claim 1, wherein the configuring com-
prises configuring the at least one indication to in-
clude index information that associates the one or
more first carriers with the number of downlink trans-
mission assignments associated with the one or
more first carriers, and/or wherein the index informa-
tion comprises a carrier index field, CIF.

4. The method of claim 1, wherein the configuring com-
prises configuring the at least one indication to spec-
ify an accumulative number of downlink transmission
assignments associated with at least the one or more
first carriers.

5. The method of claim 1, wherein the configuring com-
prises configuring the at least one indication to spec-
ify a combined number of downlink transmission as-
signments associated with the one or more first car-
riers and the one or more second carriers.

6. The method of claim 1, further comprising transmit-
ting the at least one indication via at least one of a
downlink transmission assignment or an uplink
transmission assignment.

7. The method of claim 1, wherein the configuring com-
prises configuring a plurality of indications to specify
numbers of downlink transmission assignments as-
sociated with respective carriers in the plurality of

carriers, and wherein the respective carriers include
the one or more first carriers.

8. The method of claim 7, further comprising transmit-
ting the plurality of indications via at least one control
signal, and wherein the configuring further compris-
es coding the plurality of indications for transmission
on the at least one control signal using at least one
of per-indication coding or joint coding.

9. The method of claim 1, wherein the configuring com-
prises configuring the at least one indication to spec-
ify a number of downlink transmission assignments
associated with substantially all carriers in the plu-
rality of carriers.

10. The method of claim 1, wherein the determining com-
prises determining at least one of a number of down-
link control signal transmission assignments associ-
ated with the one or more first carriers or a number
of downlink data transmission assignments associ-
ated with the one or more first carriers.

11. An apparatus, comprising:

means for identifying a plurality of carriers as-
sociated with a wireless communication system,
at least one first carrier in the plurality of carriers,
and at least one second carrier in the plurality
of carriers;
means for obtaining information relating to a
number of downlink transmission assignments
applied to the at least one first carrier; and
means for generating a downlink assignment in-
dex, DAI, for transmission on the at least one
second carrier that specifies the number of
downlink transmission assignments applied to
the at least one first carrier, wherein the DAI
specifies one or more of a total number of down-
link transmission assignments associated with
the at least the first carrier and further species
a combined number of downlink transmission
assignments associated with the at least one
first carrier and the at least one second carrier.

12. A method, comprising:

identifying a plurality of carriers configured for
communication with a wireless communication
network;
obtaining transmission assignment signaling
from the wireless communication network over
at least one or more first carriers in the plurality
of carriers; and
determining, based on the transmission assign-
ment signaling, a number of downlink transmis-
sion assignments associated with at least one
or more second carriers in the plurality of carri-
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ers, wherein the determining comprises deter-
mining the number of downlink transmission as-
signments associated with at least the one or
more second carriers based on downlink assign-
ment index, DAI, signaling provided in the trans-
mission assignment signaling, wherein the DAI
signaling specifies one or more of a total number
of downlink transmission assignments associat-
ed with at least the one or more second carriers
and further species a combined number of
downlink transmission assignments associated
with the one or more first carriers and the one
or more second carriers.

13. An apparatus, comprising:

means for identifying a plurality of carriers des-
ignated for communication with a wireless com-
munication network, at least one first carrier in
the plurality of carriers, and at least one second
carrier in the plurality of carriers;
means for obtaining one or more downlink as-
signment indexes, DAIs, from the wireless com-
munication network on the at least one first car-
rier; and
means for determining a number of downlink
transmission assignments applied to the at least
one second carrier based on the one or more
DAIs, wherein the one or more DAIs specify one
or more of a total number of downlink transmis-
sion assignments associated with at least the at
least one second carrier and further specify a
combined number of downlink transmission as-
signments associated with the at least one first
carrier and the at least one second carrier.

14. The apparatus of claim 13, wherein the means for
determining comprises:

means for identifying a carrier index field, CIF,
in the one or more DAIs; and
means for identifying the at least one second
carrier based on the CIF, and/or, wherein:

the means for obtaining comprises means
for obtaining a plurality of DAIs; and
the means for determining comprises
means for identifying respective numbers
of downlink transmission assignments from
respective DAIs in the plurality of DAIs that
are applied to respective carriers in the plu-
rality of carriers that include the at least one
second carrier.

15. A computer program product, comprising:
a computer-readable medium, comprising:
code for causing a computer to carry out the method
steps of any of claims 1 to 10 or 12.
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