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ABSTRACT 

A method, apparatus, and channel structure for acknowledg 
ing assignment messages is provided. The method and appa 
ratus allow for efficient signaling based upon the resources. 
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ASSIGNMENT ACKNOWLEDGEMENT FORA 
WRELESS COMMUNICATION SYSTEM 

CLAIM OF PRIORITY UNDER 35 U.S.C. S 120 
0001. The present Application for Patent claims priority to 
U.S. patent application Ser. No. 1 1/142,121 entitled “USE OF 
SUPPLEMENTAL ASSIGNMENTS filed May 31, 2005, 
and U.S. patent application Ser. No. 1 1/260,931, entitled 
PUNCTURING SIGNALING CHANNEL FOR AWIRE 
LESS COMMUNICATION SYSTEM filed Oct. 27, 2005, 
both of which are hereby expressly incorporated by reference 
herein. 

BACKGROUND 

0002 I. Field 
0003. The following description relates generally to wire 
less communications and, amongst other things, to dynami 
cally managing network resources in wireless communica 
tion systems. 
0004 II. Background 
0005 Wireless communication systems are widely 
deployed to provide various communication services such as 
Voice, packet data, broadcast, messaging, and so on. These 
systems may be multiple-access systems capable of Support 
ing communication formultiple users by sharing the available 
system resources. Examples of such multiple-access systems 
include code division multiple access (CDMA) systems, time 
division multiple access (TDMA) systems, and frequency 
division multiple access (FDMA) systems. 
0006 Multiple-access communication systems typically 
employ methods of assigning system resources to the indi 
vidual users of the system. When Such assignments change 
rapidly over time, system overhead required just to manage 
the assignments can become a significant portion of the over 
all system capacity. When assignments are sent using mes 
sages that constrain the assignment of resource blocks to a 
Subset of the total possible permutations of blocks, assign 
ment expense can be reduced somewhat, but by definition, 
assignments are constrained. Further, in a system where 
assignments are 'sticky’ (e.g., an assignment persists over 
time rather than having a deterministic expiration time), to 
determine whether the assignments have been properly 
decoded. 
0007. In view of at least the above, there exists a need in 
the art for a system and/or methodology of improving assign 
ment notification and/or updates and reducing overhead in 
wireless network systems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The features and nature of the present invention will 
become more apparent from the detailed description set forth 
below when taken in conjunction with the drawings in which 
like reference characters identify correspondingly through 
Out 

0009 FIG. 1 shows a wireless communication system. 
0010 FIG. 2 illustrates H-ARQ transmission on the for 
ward link. 
0011 FIGS. 3A and 3B show two subcarrier structures. 
0012 FIG. 4 shows a frequency-hopping scheme. 
0013 FIGS. 5A and 5B show two signaling transmission 
schemes for an ACK channel. 
0014 FIG. 6 shows puncturing of a time-frequency block 
for the ACK channel. 
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0015 FIG. 7A shows an ACK segment with multiple clus 
ters. 

0016 FIG. 7B shows a time-frequency block not punc 
tured by an ACK Segment. 
0017 FIG.7C shows a time-frequency block punctured by 
an ACK Segment. 
0018 FIG. 8 shows transmission of an ACK message to 
achieve diversity. 
(0019 FIG. 9 shows a binary channel tree. 
0020 FIG. 10 shows a process for acknowledging trans 
missions on a reverse link by a terminal. 
0021 FIG. 11 shows an apparatus for acknowledging 
transmissions on a reverse link by a terminal. 
0022 FIG. 12 shows a process for determining a message 
that is being acknowledged on a reverse link channel. 
0023 FIG. 13 shows an apparatus for determining a mes 
sage that is being acknowledged on a reverse link channel. 
0024 FIG. 14 shows a block diagram of a base station and 
a terminal. 
0025 FIG. 15 shows a block diagram of a transmit data 
and signaling processor. 
0026 FIG.16 shows a block diagram of a receive data and 
signaling processor. 

DETAILED DESCRIPTION 

0027. The word “exemplary” is used hereinto mean “serv 
ing as an example, instance, or illustration.” Any embodiment 
or design described herein as “exemplary' is not necessarily 
to be construed as preferred or advantageous over other 
embodiments or designs. 
0028 FIG. 1 shows a wireless communication system 100 
with multiple base stations 110 and multiple terminals 120. A 
base station is a station that communicates with the terminals. 
A base station may also be called, and may contain some orall 
of the functionality of an access point, a Node B, and/or some 
other network entity. Each base station 110 provides commu 
nication coverage for a particular geographic area 102. The 
term "cell' can refer to a base station and/or its coverage area 
depending on the context in which the term is used. To 
improve system capacity, a base station coverage area may be 
partitioned into multiple Smaller areas, e.g., three Smaller 
areas 104a, 104b, and 104c. Each smaller area is served by a 
respective base transceiver subsystem (BTS). The term “sec 
tor' can refer to a BTS and/or its coverage area depending on 
the context in which the term is used. For a sectorized cell, the 
BTSs for all sectors of that cell are typically co-located within 
the base station for the cell. The signaling transmission tech 
niques described herein may be used for a system with sec 
torized cells as well as a system with un-sectorized cells. For 
simplicity, in the following description, the term “base sta 
tion' is used generically for a station that serves a sector as 
well as a station that serves a cell. 
0029 Terminals 120 are typically dispersed throughout 
the system, and each terminal may be fixed or mobile. A-ter 
minal may also be called, and may contain some or all of the 
functionality of a mobile station, a user equipment, and/or 
Some other device. A terminal may be a wireless device, a 
cellular phone, a personal digital assistant (PDA), a wireless 
modem card, and so on. A terminal may communicate with 
Zero, one, or multiple base stations on the forward and reverse 
links at any given moment. 
0030. For a centralized architecture, a system controller 
130 couples to base stations 110 and provides coordination 
and control for these base stations. System controller 130 may 
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be a single network entity or a collection of network entities. 
For a distributed architecture, the base stations may commu 
nicate with one another as needed. 
0031. The signaling transmission techniques described 
herein may be used to send various types of signaling such as 
ACK information, power control commands, channel quality 
indicators (CQIs), requests for system resources, access 
probes, feedback information, and so on. These techniques 
may be used for the forward link as well as the reverse link. 
For clarity, these techniques are described below for sending 
ACK information on the reverse link. 
0032. Certain aspects of system allow efficient allocation 
of resources ACKs of assignment messages transmitted from 
base stations 110. Assignment messages my be acknowl 
edged in order to increase assignment reliability and to 
improve scheduling, in order to reduce lost or not decoded 
packets. Further, by acknowledging assignments, the number 
of assignments to be transmitted may be reduced and there 
fore the power budget available for forward link transmission 
increased. 
0033. In such cases, certain logical resources allocated for 
reverse link transmission are utilized for assignment, which 
may be Supplemental, decremental, forward link, reverse 
link, or the like, ACKs while others are used for sending data 
ACKs. However, if a logical resource has only one ACK 
channel, or an assignment for a given terminal has only one 
ACK channel then all ACKs are related to data only. That way, 
if multiple reverse link ACK channels are available both data 
and assignment messages may be acknowledged. However, if 
only one or other number of system limited ACK channels are 
available, then only data messages are acknowledged. 
0034) Further, in certain aspects, if both a data packet and 
assignment are being acknowledged for a single frame, or 
part of a frame, the ACK may be transmitted only for the data 
packet(s) and not for the assignment. This may be performed 
in cases where there are link budget or other power limita 
tions. 
0035 System 100 may employ hybrid automatic repeat 
request (H-ARO) transmission, which is also called incre 
mental redundancy (IR) transmission. With H-ARQ, a trans 
mitter sends one or more transmissions for a data packet until 
the packet is decoded correctly by a receiver or the maximum 
number of transmissions has been sent. H-ARQ improves 
reliability for data transmission and Supports rate adaptation 
for packets in the presence of changes in channel conditions. 
0036 FIG. 2 illustrates H-ARQ transmission on the for 
ward link. A base station processes (e.g., encodes and modu 
lates) a data packet (Packet 1) and generates multiple (V) data 
blocks, where V-1. A data packet may also be called a code 
word and so on. A data block may also be called a subpacket, 
an H-ARQ transmission, and so on. Each data block for the 
packet may contain Sufficient information to allow a terminal 
to correctly decode the packet under favorable channel con 
ditions. The V data blocks typically contain different redun 
dancy information for the packet. Each data block may be sent 
in a frame, which may be of any time duration. The V data 
blocks are sent one at a time until the packet is terminated, and 
the block transmissions are spaced apart by Q frames, where 
Q>1. 
0037. The base station transmits the first data block (Block 
1) for Packet 1 in frame m. The terminal receives and pro 
cesses (e.g., demodulates and decodes) Block 1, determines 
that Packet 1 is decoded in error, and sends a NAK to the base 
station in frame m+q, where q is the ACK/NAK delay and 
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1sq<Q. The base station receives the NAK and transmits the 
second data block (Block 2) for Packet 1 in frame m+Q. The 
terminal receives Block 2, processes Blocks 1 and 2, deter 
mines that Packet 1 is decoded in error, and sends back a NAK 
in frame m+Q+q. The block transmission and NAK response 
may continue up to V times. For the example shown in FIG. 2, 
the base station transmits data block 3 (Block 3) for Packet 1 
in frame m+2O. The terminal receives Block 3, processes 
Blocks 1 through 3 for Packet 1, determines that the packet is 
decoded correctly, and sends back an ACK inframe m+2O+q. 
The base station receives the ACK and terminates the trans 
mission of Packet 1. The base station processes the next data 
packet (Packet 2) and transmits the data blocks for Packet 2 in 
similar manner. 

0038. In FIG. 2, a new data block is sent every Q frames. 
To improve channel utilization, the base station may transmit 
up to Q packets in an interlaced manner. In an embodiment, a 
first interlace is formed with frames m, m+Q. and so on, a 
second interlace is formed with frames m+1, m+Q+1, and so 
on, and a Q-th interlace is formed with frames m+Q-1, 
m+2O-1, and so on. The Q interlaces are offset from one 
another by one frame. The base station may transmit up to Q 
packets on the Qinterlaces. For example, if Q=2, then the first 
interlace may include odd-numbered frames, and the second 
interlace may include even-numbered frames. As another 
example, if Q-6, then six interlaces may be formed and used 
to send six packets in an interlaced manner. In general, the 
H-ARQ retransmission delay Q and the ACK/NAK delay q 
are typically selected to provide sufficient processing time for 
both the transmitter and receiver. 

0039. For clarity, FIG.2 shows transmission of both NAKs 
and ACKs. For an ACK-based scheme, which is assumed for 
the description below, an ACK is sent if a packet is decoded 
correctly, and NAKs are not sent and are presumed by the 
absence of ACKs. 

0040. The signaling transmission techniques described 
herein may be used for various wireless communication sys 
tems such as a CDMA system, a TDMA system, an FDMA 
system, an orthogonal frequency division multiple access 
(OFDMA) system, a single-carrier frequency division mul 
tiple access (SC-FDMA) system, and so on. An OFDMA 
system utilizes orthogonal frequency division multiplexing 
(OFDM), which is a modulation technique that partitions the 
overall system bandwidth into multiple (K) orthogonal sub 
carriers. These Subcarriers are also called tones, bins, and so 
on. With OFDM, each subcarrier that may be independently 
modulated with data. An SC-FDMA system may utilize inter 
leaved FDMA (IFDMA) to transmit on subcarriers that are 
distributed across the system bandwidth, localized FDMA 
(LFDMA) to transmit on a block of adjacent subcarriers, or 
enhanced FDMA (EFDMA) to transmit on multiple blocks of 
adjacent Subcarriers. In general, modulation symbols are sent 
in the frequency domain with OFDM and in the time domain 
with SC-FDMA. 

0041. The signaling transmission techniques may also be 
used with various subcarrier structures. For simplicity, the 
following description assumes that the K total Subcarriers are 
usable for transmission and are given indices of 1 through K. 
0042 FIG. 3A shows a distributed subcarrier structure 
300. For subcarrier structure 300, the K total Subcarriers are 
arranged into S non-overlapping sets such that each set con 
tains N Subcarriers that are uniformly distributed across the K 
total Subcarriers. Consecutive Subcarriers in each set are 
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spaced apart by S subcarriers, where K=SN. Hence, sets 
contains subcarriers s, S+s, 2S+s,..., (N-1)-S+s, for se{1, 
..., S}. 
0043 FIG. 3B shows a block subcarrier structure 310. For 
subcarrier structure 310, the K total subcarriers are arranged 
into S non-overlapping sets such that each set contains N 
consecutive subcarriers, where K=SN. Hence, sets contains 
subcarriers (s-1)-N+1 through sN, for se{1,..., S}. 
0044. In general, the signaling transmission techniques 
may be used with any Subcarrier structure having any number 
of Subcarrier sets. Each Subcarrier set may include any num 
ber of Subcarriers that may be arranged in any manner. For 
example, the Subcarriers in each set may be uniformly dis 
tributed across the system bandwidth as shown in FIG. 3A, 
contiguous as shown in FIG. 3B, and so on. The subcarrier 
sets may include the same or different numbers of subcarriers. 
0045 FIG. 4 shows an exemplary partitioning of time and 
frequency into time-frequency blocks. A time-frequency 
block may also be called a tile, a traffic block, or some other 
terminology. In an embodiment, a time-frequency block cor 
responds to a specific Subcarrier set in a specific time interval, 
which may span one or multiple symbol periods. A symbol 
period is the duration of one OFDM symbol or one SC 
FDMA symbol. S orthogonal time-frequency blocks are 
available in each time interval. 
0046) System 100 may define traffic channels to facilitate 
allocation and use of the available system resources. A traffic 
channel is a means for sending data from a transmitter to a 
receiver and may also be called a channel, a physical channel, 
a physical layer channel, a data channel, a transmission chan 
nel, and so on. Traffic channels may be defined for various 
types of system resources Such as frequency and time. 
0047. In general, any number of traffic channels may be 
defined, and the traffic channels may have the same or differ 
ent transmission capacities. For simplicity, much of the fol 
lowing description assumes that S traffic channels are 
defined, with each traffic channel being mapped to one time 
frequency block in each time interval used for data transmis 
Sion. These S traffic channels may be assigned to up to S 
terminals. 
0048 FIG. 4 also shows an exemplary frequency-hopping 
scheme 400. For scheme 400, each traffic channel is mapped 
to a specific sequence of time-frequency blocks that hop 
across frequency in different time intervals to achieve fre 
quency diversity, as shown in FIG. 4. A hop interval is the 
amount of time spent on a given Subcarrier set and is equal to 
one time interval for the embodiment shown in FIG. 4. A 
frequency hopping (FH) pattern indicates the specific time 
frequency block to use for each traffic channel in each time 
interval used for data transmission. FIG. 4 shows the 
sequence of time-frequency blocks for traffic channely. The 
other traffic channels may be mapped to Vertically and circu 
larly shifted versions of the time-frequency block sequence 
for traffic channely. 
0049 Frequency hopping may be used with the subcarrier 
structures shown in FIGS. 3A and 3B. In an embodiment, 
which is called symbol rate hopping, a time-frequency block 
is one distributed subcarrier set (e.g., as shown in FIG.3A) in 
one symbol period. For symbol rate hopping, the Subcarriers 
for a traffic channel span across the entire system bandwidth 
and change from symbol period to symbol period. In another 
embodiment, which is called block hopping, a time-fre 
quency block is one contiguous Subcarrier set (e.g., as shown 
in FIG. 3B) in multiple symbol periods. For block hopping, 
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the Subcarriers for a traffic channel are contiguous and fixed 
for an entire hop interval but change from hop interval to hop 
interval. Other frequency hopping schemes may also be 
defined. 

0050. A terminal may send ACK information on a reverse 
link acknowledgment channel (R-ACKCH) to a base station 
to acknowledge H-ARO transmissions sent by the base sta 
tion on the forward link. The R-ACKCH is also called an 
ACK channel in the following description. Referring back to 
FIG. 2, an H-ARQ transmission is sent in one frame, which 
may span one or multiple hop intervals. The terminal may 
send an ACK/NAK for each frame in which an H-ARQ trans 
mission is received from the base station. Several embodi 
ments of the ACK channel for different frame sizes are 
described below. 
0051 FIG. 5A shows a signaling transmission scheme 500 
for the ACK channel. For the embodiment shown in FIG.5A, 
a frame spans two hop intervals, and the ACK channel is 
mapped to one time-frequency block in each ACK frame. An 
ACK frame is a frame in which the ACK channel is sent, and 
a data frame is a frame used for data transmission. Each data 
frame may be associated with an ACK frame that is q frames 
away, as shown in FIG. 2. The ACK channel may puncture all 
or a portion of each time-frequency block to which the ACK 
channel is mapped, as described below. 
0.052 FIG. 5B shows a signaling transmission scheme 510 
for the ACK channel. For the embodiment shown in FIG. 5B, 
S-32, a frame spans one hop interval, and the ACK channel is 
mapped to four time-frequency blocks in each ACK frame. 
The ACK channel may puncture all or a portion of each 
time-frequency block. 
0053 For clarity, FIGS.5A and 5B show the ACK channel 
puncturing one traffic channely whenever the ACK channel is 
mapped to a time-frequency block used for traffic channely. 
The ACK channel also punctures other traffic channels, which 
are not labeled in FIGS.5A and 5B for clarity. A terminal may 
transmit data on an assigned traffic channel (e.g., traffic chan 
nely) and may transmit ACK messages on the ACK channel. 
If many traffic channels are available, then the ACK channel 
punctures only a portion of the transmission on the assigned 
traffic channel and punctures mostly the transmissions from 
other terminals on other traffic channels. 
0054. In general, the ACK channel may be mapped to any 
number of time-frequency blocks in each ACK frame. In an 
embodiment, the ACK channel is mapped to a fixed number 
of time-frequency blocks in each ACK frame. This fixed 
number may be determined based on the number of available 
traffic channels and/or some other factors. In another embodi 
ment, the ACK channel is mapped to a configurable number 
of time-frequency blocks in each ACK frame. This config 
urable number may be determined based on the number of 
traffic channels that are in use, the number of packets that are 
sent on each traffic channel, the number of ACK bits that may 
be sent in each time-frequency block, and so on. 
0055 FIGS. 5A and 5B show specific embodiments for 
puncturing the traffic channels with the ACK channel. In 
another embodiment, the ACK channel is mapped to one or 
more fixed Subcarrier sets, and the traffic channels hop around 
the fixed ACK channel. In yet another embodiment, the S 
Subcarrier sets are arranged into G regions, with each region 
including S/G consecutive subcarrier sets. The ACK channel 
is then mapped to one Subcarrier set in each region. The ACK 
channel may also puncture the traffic channels in other man 

S. 
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0056. In general, the ACK channel may be mapped to 
time-frequency blocks in a pseudo-random or deterministic 
manner. The ACK channel may be mapped to different sub 
carrier sets to achieve frequency and interference diversity, 
e.g., as shown in FIGS. 5A and 5B. In an embodiment, the 
ACK channel is pseudo-random with respect to the traffic 
channels and equally punctures the traffic channels. This may 
beachieved by hopping the ACK channel, hopping the traffic 
channels, or hopping both the ACK channel and the traffic 
channels. An FH pattern may indicate the specific time-fre 
quency block(s) for the ACK channel in each ACK frame. 
This FH pattern may be sent to the terminals or may be known 
a priori by the terminals. In any case, the terminals have 
knowledge of the time-frequency blocks occupied by the 
ACK channel. 

0057 FIG. 6 shows an embodiment of the puncturing of a 
time-frequency block by the ACK channel. The time-fre 
quency block covers N Subcarriers and spans T symbol peri 
ods. In general, the ACK channel may puncture all or a 
portion of the time-frequency block. An ACK Segment is a 
time-frequency segment used for the ACK channel. An ACK 
segment is formed by the part of the time-frequency block 
that is punctured and used for the ACK channel. In general, an 
ACK segment may cover any number of Subcarriers and may 
span any number of symbol periods. In an embodiment, 
which is not shown in FIG. 6, the ACK channel punctures the 
entire time-frequency block. For this embodiment, the ACK 
channel is sent in the entire time-frequency block, and traffic 
data is not sent in the time-frequency block. In another 
embodiment, which is shown in FIG. 6, the ACK channel 
punctures a portion of the time-frequency block. For 
example, the ACK channel may puncture a half, a quarter, an 
eighth, or Some other fraction of the time-frequency block. 
The punctured portion may be contiguous in both time and 
frequency, as shown in FIG. 6. Transmission on contiguous 
Subcarriers may result in a lower peak-to-average power ratio 
(PAPR), which is desirable. Alternatively, the punctured por 
tion may be spread across frequency, across time, or across 
both frequency and time. In any case, the ACK channel is sent 
in the punctured portion of the time-frequency block, and 
traffic data may be sent in the remaining portion of the time 
frequency block. 
0058 FIG. 7A shows an embodiment of an ACK segment. 
For this embodiment, the ACK segment covers 8 subcarriers 
and spans 8 symbol periods. The ACK segment includes 64 
transmission units. A transmission unit is one Subcarrier in 
one symbol period. For the embodiment shown in FIG. 7A, 
the ACK segment is partitioned into four clusters. Each clus 
tercovers 8 Subcarriers, spans 2 consecutive symbol periods, 
and includes 16 transmission units. 
0059. In general, an ACK segment may be partitioned in 
various manners. In another embodiment, each cluster covers 
two Subcarriers and spans all 8 symbol periods. In yet another 
embodiment, each cluster covers all Subcarriers and spans all 
symbol periods in the ACK segment. For example, cluster 1 
may include subcarriers 1 and 2 in symbol periods 1 and 5. 
subcarriers 3 and 4 in symbol periods 2 and 6, subcarriers 5 
and 6 in symbol periods 3 and 7, and subcarriers 7 and 8 in 
symbol periods 4 and 8. 
0060 FIG. 7B shows an embodiment of a time-frequency 
block that is not punctured by an ACK segment. For this 
embodiment, the time-frequency block covers 16 subcarriers, 
spans 8 symbol periods, and includes 128 transmission units. 
Pilot symbols may be sent on Some of the transmission units, 
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and data symbols may be sent on the remaining transmission 
units. As used herein, a data symbol is a symbol for traffic 
data, a pilot symbol is a symbol for pilot, which is data that is 
known a priori by both the base station and the terminals, a 
signaling symbol is a symbol for signaling, and a symbol is 
typically a complex value. For the embodiment shown in FIG. 
7B, pilot symbols are sent on subcarriers 1, 9 and 16 in 
symbol periods 1, 2, 3, 6, 7 and 8, or six strips of three pilot 
symbols. The pilot symbols may be distributed across fre 
quency, e.g., as shown in FIG. 7B, and may be used to derive 
a channel estimate for the time-frequency block. The channel 
estimate may be used to perform data detection for the data 
symbols sent in the time-frequency block. 
0061 FIG. 7C shows an embodiment of a time-frequency 
block that is punctured by an ACK segment. For this embodi 
ment, pilot symbols are sent on subcarriers 9 and 16 in symbol 
periods 1, 2, 3, 6, 7 and 8, or four strips of three pilot symbols. 
The pilot symbols may be used to derive a channel estimate 
for the unpunctured portion of the time-frequency block. 
0062. The embodiment shown in FIGS. 7B and 7C allows 
a serving sector to derive an interference estimate for an ACK 
segment for one or more neighbor sectors. A terminal may 
transmit on an entire time-frequency block to the serving 
sector if this time-frequency block is not punctured by an 
ACK segment for the serving sector. However, this time 
frequency block may collide with an ACK segment for one or 
more neighbor sectors. In this case, the lower half of the 
time-frequency block may observe higher interference from 
the ACK segment for the neighbor sector(s). The serving 
sector may estimate the interference from the other sector(s) 
based on the pilot symbols sent on subcarrier 1 in symbol 
periods 1, 2, 3, 6, 7 and 8. The serving sector may use the 
interference estimate for data detection of the data symbols 
sent in the time-frequency block. 
0063 FIGS. 7B and 7C show one embodiment for sending 
pilot and data in a time-frequency block. Pilot and data may 
also be sent using various other patterns for a time-frequency 
block. In general, a sufficient number of pilot symbols may be 
sent on a time-frequency block to allow a serving sector to 
derive a channel estimate for the time-frequency block, with 
and without puncturing by an ACK segment for the serving 
sector. A sufficient number of pilot symbols may be located 
Such that the serving sector can derive an interference esti 
mate for the ACK Segment from neighbor sectors. 
0064. A terminal may send an ACK message for each 
H-ARQ transmission received from a base station. The 
amount of information sent in each ACK message may be 
dependent on the number of packets sent in the corresponding 
H-ARO transmission. In an embodiment, an ACK message 
includes one bit that acknowledges an H-ARO transmission 
for one packet. In another embodiment, an ACK message 
includes multiple (B) bits that acknowledge an H-ARQ trans 
mission for B packets. In an embodiment, an ACK message is 
sent with On/Off keying, for example, 1 for ACK and 0 for 
NAK. In another embodiment, an ACK message is encoded 
prior to transmission. 
0065 Multiple terminals may send their ACK messages 
using code division multiplexing (CDM), time division mul 
tiplexing (TDM), frequency division multiplexing (FDM), 
Some other orthogonal multiplexing scheme, or a combina 
tion thereof. Multiple terminals may send their ACK mes 
sages in the same cluster of an ACK segment using any 
orthogonal multiplexing scheme. 
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0.066. In an embodiment, ACK messages are sent using 
CDM. For this embodiment, the terminals are assigned dif 
ferent spreading codes or sequences, and each terminal 
spread its ACK messages with its spreading code. The spread 
ACK messages for the terminals are orthogonal to one 
another in the code domain. 
0067. In an embodiment, the spreading codes are orthogo 
nal codes formed with columns of a Hadamard matrix. A 2x2 
Hadamard matrix W, and a larger size Hadamard matrix 
W22 may be expressed as: 

Eq. (1) 

Hadamard matrices of square dimensions that are power of 
two (e.g., 2x2, 4x4, 8x8, and so on) may be formed as shown 
in equation (1). 
0068. In another embodiment, the spreading codes are 
orthogonal codes formed with columns of a Fourier matrix. 
An LXL Fourier matrix F, has element f, in the n-throw 
of the m-th column, which may be expressed as: 

f = e "E", for n = 1,..., L and m = 1,..., L ''' 

Fourier matrices of any square dimension (e.g., 2x2, 3x3, 
4x4, 5x5, and so on) may beformed as shown in equation (2). 
0069. A 1-bit ACK message may be spread with an L-chip 
spreading code to generate a spread ACK message that con 
tains L chips, as follows: 

view,i, 

for 

L, Eq. (3) 

wherea, is an ACK bit for terminal u, which may have a value 
of 0 or 1, or a 6{0, 1}; 
10070) w, is the i-th chip of the spreading code assigned to 
terminal u, and 
(0071 x is the i-th chip of the spread ACK message for 
terminal u. 
The L chips of the spread ACK message may be sent in the 
frequency domain by mapping these LACK chips to L trans 
mission units in an ACK segment, e.g., like OFDMA. Alter 
natively, these LACK chips may be sent in the time domain 
by performing an L-point DFT/FFT to obtain L frequency 
domain symbols and mapping these L symbols to L transmis 
sion units in an ACK segment, e.g., like SC-FDMA. 
0072 For the embodiment shown in FIG. 7A, a 1-bit ACK 
message may be sent in 16 transmission units, and the ACK 
bit may be spread with a 16-chip spreading code to generate 
16 ACK chips. These 16 ACK chips may then be mapped to 
16 transmission units in one ACK cluster. Up to 15 other 
terminals may send their ACK messages in the same cluster 
using other spreading codes. Up to 64 terminals may send 
ACK messages in one ACK Segment. 
0073. In an embodiment, a subset of the available spread 
ing codes is used for sending ACK information. The remain 
ing spreading codes are not used for sending ACK informa 
tion and are used instead for interference estimation. In an 
embodiment, each cluster includes 16 transmission units 
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(e.g., as shown in FIG. 7A), eight spreading codes may be 
used to send ACK information and are called usable spread 
ing codes, and the remaining eight spreading codes are used 
for interference estimation and are called reserved spreading 
codes. For this embodiment, eight usable spreading codes are 
available for each cluster, and up to 32 ACK messages may be 
sent in one ACK segment. For this embodiment, eight 
reserved spreading codes may be used for interference esti 
mation in each cluster. More than 32 ACK messages may be 
sent in one ACK Segment by allocating more spreading codes 
for sending ACK messages. More than 32 ACK messages 
may be sent in one ACK frame by allocating more ACK 
segments for the ACK channel. 
0074. In another embodiment, ACK messages are sent 
using TDM or FDM. For this embodiment, the terminals are 
assigned different transmission units for the ACK channel, 
and each terminal sends its ACK message in its assigned 
transmission units. The ACK messages for the terminals 
would then be orthogonal to one another in time and/or fre 
quency. In an embodiment based on the ACK Segment shown 
in FIG. 7A, eight terminals may be assigned eight rows of a 
cluster, and each terminal may send its ACK bit on the two 
transmission units in the assigned row. In another embodi 
ment, four clusters are formed, with each cluster covering two 
Subcarriers and spanning 8 symbol periods. Eight terminals 
may be assigned eight columns of a cluster, and each terminal 
may send its ACK bit on the two transmission units in the 
assigned column. 
0075 FIG. 8 shows an embodiment for transmitting an 
ACK message to achieve frequency and time diversity. For 
this embodiment, the ACK message is sent on different clus 
ters in multiple (C) ACK segments, one cluster in each ACK 
segment. For the embodiment shown in FIG. 8, C-4, and the 
ACK message is sent on four different clusters in four ACK 
segments to achieve time diversity. Sending the ACK mes 
sage over a longer time interval may also improve link budget 
for terminals located at the edge of coverage. These disad 
Vantage terminals typically have an upper limit on transmit 
power. A longer transmission time interval for the ACK mes 
sage allows a disadvantage terminal to transmit the ACK 
message with more energy spread over a longer period of 
time, which improves the likelihood of correctly receiving the 
ACK message. The ACK message also achieves frequency 
diversity since the four ACK segments occupy different sub 
carrier sets in different 2-symbol intervals. C-th order diver 
sity may be achieved for the ACK message by sending the 
ACK message in different clusters in CACK Segments. 
0076. In an embodiment, an ACK message is sent on dif 
ferent clusters in C ACK segments, and the terminals are 
mapped to the clusters in a pseudo-random or deterministic 
manner Such that an ACK message for each terminal observes 
interference from a different set of terminals in each of the C 
clusters on which that ACK message is sent. This embodi 
ment provides time and frequency diversity for the ACK 
message sent by each terminal. This embodiment further 
provides diversity with respect to the interference from the 
other terminals. 
0077. A base station performs the complementary 
despreading to recover the ACK messages sent by the termi 
nals. For each terminal u, the base station despreads the 
received symbols from each of the C clusters used by terminal 
u with the spreading code assigned to terminal u and obtains 
C despread symbols for the C clusters. For each of the C 
clusters, the base station may also despread the received 
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symbols with each of the reserved spreading codes to obtain 
an interference estimate for that cluster. The base station may 
then scale and combine the C despread symbols for terminal 
u with the interference estimates for the C clusters to obtain a 
detected ACK message for terminal u, as described below. 
0078. The signaling transmission techniques described 
herein may be used with various channel structures. An exem 
plary channel structure is described below. 
0079 FIG. 9 shows an embodiment of a binary channel 
tree 900. For the embodiment shown in FIG.9, S=32 Subcar 
rier sets are available for use. A set of traffic channels may be 
defined with the 32 subcarrier sets. Each traffic channel is 
assigned a unique channel ID and is mapped to one or more 
subcarrier sets in each time interval. For example, a traffic 
channel may be defined for each node in channel tree 900. The 
traffic channels may be sequentially numbered from top to 
bottom and from left to right for each tier. The largest traffic 
channel corresponding to the topmost node is assigned a 
channel ID of 0 and is mapped to all 32 subcarrier sets. The 32 
traffic channels in the lowest tier 1 have channel IDs of 31 
through 62 and are called base traffic channels. Each base 
traffic channel is mapped to one Subcarrier set. 
0080. The tree structure shown in FIG. 9 places certain 
restrictions on the use of the traffic channels for an orthogonal 
system. For each traffic channel that is assigned, all traffic 
channels that are Subsets (or descendants) of the assigned 
traffic channel and all traffic channels for which the assigned 
traffic channel is a subset are restricted. The restricted traffic 
channels are not used concurrently with the assigned traffic 
channel so that no two traffic channels use the same Subcarrier 
set at the same time. 
0081. In an embodiment, an ACK resource is assigned to 
each traffic channel that is assigned for use. An ACK resource 
may also be called an ACK sub-channel or some other termi 
nology. An ACK resource includes pertinent resources (e.g., a 
spreading code and a set of clusters) used to send an ACK 
message in each ACK frame. For this embodiment, the ACK 
messages for each traffic channel may be sent on the assigned 
ACK resource. The assigned ACK resources may be signaled 
to the terminal. 
0082 In another embodiment, an ACK resource is associ 
ated with each of the base traffic channels in the lowest tier of 
a channel tree. This embodimentallows for assignment of the 
maximum number of traffic channels of the minimum size. A 
larger traffic channel corresponding to a node above the low 
est tier may use (1) the ACK resources for all base traffic 
channels under the larger traffic channel, (2) the ACK 
resource for one of the base traffic channels, e.g., the base 
traffic channel with the lowest channel ID, or (3) the ACK 
resources for a subset of the base traffic channels under the 
larger traffic channel. For options (1) and (3) above, an ACK 
message for the larger traffic channel may be sent using 
multiple ACK resources to improve the likelihood of correct 
reception. If multiple packets are sent in parallel, e.g., using 
multiple-input multiple-output (MIMO) transmission, then a 
larger traffic channel with multiple base traffic channels may 
be assigned for the transmission. The number of base traffic 
channels is equal to or greater than the number of packets. 
Each packet may be mapped to a different base traffic chan 
nel. The ACK for each packet may then be sent using the ACK 
resource for the associated base traffic channel. 

0083. In yet another embodiment, an ACK resource is 
assigned to each packet to be acknowledged. A terminal may 
be assigned one ACK resource if one packet is sentina frame. 
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A terminal may be assigned multiple ACK resources if mul 
tiple packets are sent in a frame, e.g., using either a larger 
traffic channel or spatial multiplexing to transmit via multiple 
antennas. 

I0084. In the case of an assignment transmission, which 
may be a Supplemental, decremental, forward link, or reverse 
link assignment, from the base station, the ACK will be trans 
mitted with a channel ID of the next highest channel ID of an 
unused data channel. That is, assuming an assignment is 
transmitted assigning node 15, and thus nodes 31 and 32 to a 
terminal, the ACK for the assignment would be transmitted on 
the ACK resources of channel32. In this way, the base station 
can determine what packet is being acknowledged based 
upon the channel on which the ACK is received. However, if 
no channel is available for acknowledgements of the assign 
ments, if the number of data packets to be acknowledged is 
less than or equal to the number of available ACK channels or 
all the nodes do not have ACK resources, all ACKs are deter 
mined to be for data packets. 
I0085. As discussed previously, in some cases, if both a 
data packet and assignment packet is to be acknowledged, the 
assignment need not be assigned and only the ACK for the 
data packet is transmitted. This may be performed for link 
budget limited or power limited situations. 
I0086. In yet another embodiment, an H-ARQ transmis 
sion may span multiple interlaces, and an ACK message is 
sent in multiple ACK frames. The base station may combine 
the detected ACK messages for the multiple ACK frames to 
improve ACK detection performance. 
I0087 System 100 may support a single-carrier mode and 
a multi-carrier mode. In the single-carrier mode, K Subcarri 
ers may be available for transmission, and the ACK channel 
may puncture the traffic channels as described above. In the 
multi-carrier mode, K subcarriers may be available for each 
of multiple carriers. The ACK channel may be scaled up for 
the multi-carrier mode to Support more traffic channels and/or 
to acknowledge more packets that may be sent with more 
carriers. 
I0088. The transmit power for the ACK channel may be 
controlled to achieve good performance, which may be quan 
tified by a given target ACK-to-NAK error rate (e.g., 1%), a 
given target NAK-to-ACK error rate (e.g., 0.1%), and/or 
Some other metrics. In an embodiment, the transmit powerfor 
the ACK channel for a given terminal is adjusted based on the 
measured performance for the ACK channel for that terminal. 
In another embodiment, the transmit power for the ACK 
channel is adjusted based on the transmit power for a refer 
ence channel. The reference channel may be any channel that 
is sent often or regularly, e.g., a traffic channel or a signaling 
channel Such as a channel quality indicator (CQI) channel. 
The ACK channel may use the transmit power for the refer 
ence channel as a power reference. The transmit powerfor the 
ACK channel may be set equal to the power reference plus a 
delta, which may be adjusted based on the performance of the 
ACK channel. The reference channel is thus used for short 
term power set point while the long-term offset of the ACK 
channel is controlled based on the ACK performance. 
I0089 FIG. 10 shows an embodiment of a process 1000 for 
acknowledging transmissions on a reverse link by a terminal. 
For the embodiment shown in FIG. 10, signaling is sent with 
CDM, however, this need not be the case. The type of message 
being acknowledged is determined. (block 1012). Based 
upon the type, an acknowledgment channel is assigned to the 
acknowledgement message for the message. (block 1014). If 
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the message is a data message or a control message, other than 
an assignment, the channel ID move from the lowest num 
bered node to the highest numbered node, or logical resource, 
that is available and includes acknowledgment channels. If 
the message being acknowledged is an assignment message, 
then the highest ordered channel, if available, is assigned to 
the ACK message for the assignment. An assignment mes 
sage may be a new assignment, Supplemental assignment, or 
explicit detrimental assignment, depending on system param 
eters that determine which types of assignments are to be 
acknowledged. 
0090 The time-frequency segments for a signaling chan 
nel that punctures traffic channels are then determined, e.g., 
based on a frequency hopping pattern for the signaling chan 
nel (block 1016). Signaling is generated (block 1018) and 
spread with a spreading code (e.g., a Walsh code) to obtain 
spread signaling (block 1020). The spread signaling is 
mapped to the time-frequency segments for the signaling 
channel (block 1022). Each time-frequency segment may 
include multiple clusters. A signaling message may be 
mapped to different clusters in multiple time-frequency seg 
ments to achieve diversity. The signaling may also be sent 
with other multiplexing schemes instead of CDM. 
0091 Traffic data is processed and mapped to time-fre 
quency blocks for a traffic channel assigned for use (block 
1024). Traffic data that is mapped to the time-frequency seg 
ments for the signaling channel is punctured (block 1026). 
OFDM symbols or SC-FDMA symbols are generated for the 
mapped signaling and traffic data (block 1028). 
0092 FIG. 11 shows an embodiment of an apparatus 1100 
for acknowledging transmissions on a reverse link by a ter 
minal. Apparatus 1100 includes means for determining a 
message type being acknowledged (block 1112), assigning an 
channel ID to the acknowledgement message based upon the 
type (block 1114), means for determining time-frequency 
segments for a signaling channel that punctures traffic chan 
nels (block 1116), means for generating signaling (block 
1118), means for spreading the signaling with a spreading 
code (e.g., a Walsh code) to generate spread signaling (block 
1120), and means for mapping the spread signaling to the 
time-frequency segments for the signaling channel (block 
1122). A signaling message may be mapped to different clus 
ters in multiple time-frequency segments to achieve diversity. 
Apparatus 1110 further includes means for processing and 
mapping traffic data to time-frequency blocks for an assigned 
traffic channel (block1124), means for puncturing traffic data 
that is mapped to the time-frequency segments for the signal 
ing channel (block 1126), and means for generating OFDM 
symbols or SC-FDMA symbols for the mapped signaling and 
traffic data (block 1128). 
0093 FIG. 12 shows an embodiment of a process 1200 for 
determining a message that is being acknowledged on a 
reverse link channel. Process 1200 may be performed by a 
base station to receive signaling and data sent on the reverse 
link. The time-frequency segments for the signaling channel 
are determined (block 1212). Received symbols are extracted 
from the time-frequency segments for the signaling channel 
(block 1214). The extracted received symbols are processed 
to recover the transmitted signaling. For the embodiment 
shown in FIG. 12, the extracted received symbols are 
despread with a spreading code assigned to a terminal to 
obtain despread symbols for the terminal (block 1216). The 
extracted received symbols may also be despread with 
spreading code(s) not used for signaling to obtain interfer 
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ence estimates (block 1218). The despread symbols are 
detected (e.g., with the interference estimates, if available) to 
recover the signaling sent by the terminal (block 1220). A 
signaling message may be sent on different clusters in mul 
tiple time-frequency segments. In this case, received symbols 
are extracted from each cluster and despread with the spread 
ing code, and the despread symbols for the different clusters 
are detected to recover the signaling message. 
0094. Received symbols are extracted from time-fre 
quency blocks for a traffic channel assigned to the terminal 
and the channel ID is determined (block 1222). Received 
symbols extracted from the time-frequency segments for the 
signaling channel are punctured (block 1224). The unpunc 
tured received symbols are processed to obtain decoded data 
for the terminal (block 1226). 
0.095 The channel ID and acknowledgement are then sent 
for further processing to determine the channel being 
acknowledged. 
(0096 FIG. 13 shows an embodiment of an apparatus 1300 
for receiving signaling and traffic data. Apparatus 1300 
includes means for determining the time-frequency segments 
for the signaling channel (block 1312), means for extracting 
received symbols from the time-frequency segments for the 
signaling channel (block 1314), means for despreading the 
extracted received symbols with a spreading code assigned to 
a terminal to obtain despread symbols (block 1316), means 
for despreading the extracted received symbols with spread 
ing code(s) not used for signaling to obtain interference esti 
mates (block 1318), and means for performing detection on 
the despread symbols (e.g., with the interference estimates, if 
available) to recover the signaling sent by the terminal (block 
1320). A signaling message may also be recovered from 
different clusters in multiple time-frequency segments. Appa 
ratus 1300 further includes means for extracting received 
symbols from time-frequency blocks for a traffic channel 
assigned to the terminal and the channel ID (block 1322), 
means for puncturing received symbols extracted from the 
time-frequency segments for the signaling channel (block 
1324), and means for processing the unpunctured received 
symbols to obtain decoded data for the terminal (block 1326). 
0097 FIG. 14 shows a block diagram of an embodiment of 
a base station 110 and a terminal 120 in FIG. 1. For this 
embodiment, base station 110 and terminal 120 are each 
equipped with a single antenna. 
0098. At base station 110, a transmit (TX) data and sig 
naling processor 1410 receives traffic data for one or more 
terminals, processes (e.g., formats, encodes, interleaves, and 
symbol maps) the traffic data for each terminal based on one 
or more coding and modulation schemes selected for that 
terminal, and provides data symbols. Processor 1410 also 
generates pilot symbols and signaling symbols. An OFDM 
modulator 1412 performs OFDM modulation on the data 
symbols, pilot symbols, and signaling symbols and provides 
OFDM symbols. If system 100 utilizes SC-FDMA, then 
modulator 1412 performs SC-FDMA modulation and pro 
vides SC-FDMA symbols. A transmitter (TMTR) 1414 con 
ditions (e.g., converts to analog, filters, amplifies, and upcon 
verts) the OFDM symbols to generate an FL modulated 
signal, which is transmitted from an antenna 1416. 
0099. At terminal 120, an antenna 1452 receives FL 
modulated signals from base station 110 and possibly other 
base stations and provides a received signal to a receiver 
(RCVR) 1454. Receiver 1454 processes (e.g., conditions and 
digitizes) the received signal and provides received samples. 
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An OFDM demodulator (Demod) 1456 performs OFDM 
demodulation on the received samples and provides received 
symbols for the K total subcarriers. A receive (RX) data and 
signaling processor 1458 processes (e.g., symbol demaps, 
deinterleaves, and decodes) the received symbols and pro 
vides decoded data and signaling for terminal 120. 
0100. A controller/processor 1470 receives decoding 
results from processor 1458 and generates ACK messages for 
terminal 120. ATX data and signaling processor 1460 gen 
erates signaling symbols for the ACK messages, based upon 
the type of message being acknowledged, data symbols for 
traffic data to be sent to base station 110, and pilot symbols. 
An OFDM modulator 1462 performs OFDM modulation on 
the data symbols, pilot symbols, and signaling symbols and 
provides OFDM symbols. A transmitter 1464 conditions the 
OFDM symbols and generates an RL modulated signal, 
which is transmitted from antenna 1452. 
0101. At base station 110, RL modulated signals from 
terminal 120 and other terminals are received by antenna 
1416, conditioned and digitized by a receiver 1420, demodu 
lated by an OFDM demodulator 1422, and processed by an 
RX data and signaling processor 1424 to recover the ACK 
messages, and determine the channel ID of the ACK message 
to determine the message type being acknowledged, and traf 
fic data sent by terminal 120 and other terminals. A controller/ 
processor 1430 receives the detected ACK messages and 
controls the data transmissions on the forward link to the 
terminals. 
0102 Controllers/processors 1430 and 1470 direct the 
operation of various processing units at base station 110 and 
terminal 120, respectively. Memories 1432 and 1472 store 
program codes and data for base station 110 and terminal 120, 
respectively. 
0103 FIG. 15 shows a block diagram of an embodiment of 
TX data and signaling processor 1460 at terminal 120. Pro 
cessor 1460 includes a TX data processor 1510, a TX signal 
ing processor 1520, and a multiplexer (MUX)/combiner 
1530. 

0104. Within TX data processor 1510, a unit 1512 
encodes, interleaves, and symbol maps traffic data and pro 
vides data symbols. A symbol-to-subcarrier mapper 1514 
maps the data symbols to the time-frequency blocks for a 
traffic channel assigned to terminal 120. A puncturer 1516 
punctures data symbols that are mapped to time-frequency 
segments for the ACK channel, based upon the channel ID 
that is based upon the type of message being acknowledged, 
and provides the unpunctured data symbols. 
0105. Within TX signaling processor 1520, a data 
spreader 1522 spreads an ACK message with a spreading 
code assigned to terminal 120 and provides ACK chips. For 
the embodiment shown in FIG. 15, the spreading is performed 
in the frequency domain, and data spreader 1522 provides the 
ACK chips as signaling symbols. In another embodiment, 
which is not shown in FIG. 15, the spreading is performed in 
the time domain, and a DFT unit transforms the ACK chips 
for each symbol period to the frequency domain and provides 
the signaling symbols. For both embodiments, a symbol-to 
Subcarrier mapper 1524 maps the signaling symbols to the 
proper clusters in the time-frequency segments for the ACK 
channel. Unit 1530 combines the data symbols from proces 
sor 1510 and the signaling symbols from processor 1520 and 
provides the mapped data and signaling symbols. 
0106 FIG.16 shows a block diagram of an embodiment of 
RX data and signaling processor 1424 at base station 110. 
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Processor 1424 includes an RX data processor 1610 and an 
RX signaling processor 1620. For clarity, the processing to 
recover traffic data and signaling from one terminal u (e.g., 
terminal 120 in FIGS. 14 and 15) is described below. 
0107. Within RX data processor 1610, a symbol-to-sub 
carrier demapper 1612 extracts received symbols from the 
time-frequency blocks for the traffic channel assigned to ter 
minal 120. A puncturer 1614 punctures the received symbols 
extracted from the time-frequency segments for the ACK 
channel and provides the unpunctured received symbols. A 
unit 1616 symbol demaps, deinterleaves, and decodes the 
unpunctured received symbols and provides decoded data for 
terminal 120. 
0108. Within RX signaling processor 1620, a symbol-to 
subcarrier demapper 1622 extracts received symbols from the 
time-frequency segments for the ACK channel and then may 
provide the channel information along with the detected ACK 
symbol to detector 1628 for providing for forwarding with the 
detected ACK symbols. If the spreading is performed in the 
frequency domain, then an IDFT unit transforms the received 
symbols for each symbol period to the time domain and 
provides time-domain samples for despreading (not shown in 
FIG. 16). If the spreading is performed in the frequency 
domain, which is shown in FIG. 16 and assumed for the 
description below, then demapper 1622 provides the received 
symbols for despreading. A data despreader 1624 despreads 
the received symbols from each cluster with the spreading 
code assigned to terminal 120, as follows: 

2it.c F X ci Wai, 
i 

Eq. (4) 

where r is the i-th received symbol from cluster c, and 
I0109) Z, is a despread symbol from cluster c for termi 

nal u. 
0110. An interference estimator 1626 despreads the 
received symbols from each cluster with each reserved 
spreading code as follows: 

zie =Xr wii, for je RC Eq. (5) 
i 

were Z, is a despread symbol for reserved spreading code: 
al 

0.111 RC is a set of all reserved spreading codes. 
Interference estimator 1626 then derives an interference esti 
mate for each cluster by Summing the squared magnitude of 
the despread symbols for the reserved spreading codes, as 
follows: 

2 loc = X kic, 
je RC 

Eq. (6) 

where Io is the interference estimate for cluster c. 
(O112 A detector 1628 performs detection for the ACK 
message sent by terminal 120 based on the despread symbols 
and the interference estimates for all clusters, as follows: 

|zuel Eq. (7) 
At = -, and 

loc 
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-continued 
1 A > Alth, 
'O' otherwise, 

Ed (8 ACK = { q (8) 

where A, is a threshold used for detecting an ACK bit and 
ACK is the detected ACK message for terminal 120. Equa 
tion (7) computes the energy of the despread symbol for the 
ACK bit for each cluster, scales the symbol energy for each 
cluster based on the interference estimate for that cluster, and 
combines the weighted results for all clusters used to send the 
ACK bit. 
0113. The ACK detection may also be performed in other 
manners. In another embodiment, base station 110 performs 
ACK detection with interference cancellation. For example, 
base station 110 may detect the ACK bit for the strongest 
received terminal, estimate the interference due to this termi 
nal, subtract the estimated interference from the received 
symbols, and detect the ACK bit for the next strongest 
received terminal based on the interference-canceled 
received symbols. In yet another embodiment, base station 
110 performs coherent ACK detection. For this embodiment, 
base station 110 derives a channel estimate for each terminal 
based on a pilot sent by that terminal and performs ACK 
detection with the channel estimate. 
0114. The signaling transmission techniques described 
herein may be implemented by various means. For example, 
these techniques may be implemented inhardware, firmware, 
software, or a combination thereof. For a hardware imple 
mentation, the processing units at a terminal may be imple 
mented within one or more application specific integrated 
circuits (ASICs), digital signal processors (DSPs), digital 
signal processing devices (DSPDs), programmable logic 
devices (PLDs), field programmable gate arrays (FPGAs), 
processors, controllers, micro-controllers, microprocessors, 
electronic devices, other electronic units designed to perform 
the functions described herein, or a combination thereof. The 
processing units at a base station may also be implemented 
within one or more ASIC, DSPs, processors, and so on. 
0115 For a firmware and/or software implementation, the 
techniques may be implemented with modules (e.g., proce 
dures, functions, and so on) that perform the functions 
described herein. The software codes may be stored in a 
memory (e.g., memory 1432 or 1472 in FIG.14) and executed 
by a processor (e.g., processor 1430 or 1470). The memory 
may be implemented within the processor or external to the 
processor. 
0116. It should be noted that the concept of channels 
herein refers to information or transmission types that may be 
transmitted by the access point or access terminal. It does not 
require or utilize fixed or predetermined blocks of subcarri 
ers, time periods, or other resources dedicated to Such trans 
missions. 
0117. Further, time-frequency segments are exemplary 
resources that may be assigned for signaling and data. The 
time-frequency segments may also comprise frequency Sub 
carriers, transmission symbols, or other resources, in addition 
to time frequency segments. 
0118. The previous description of the disclosed embodi 
ments is provided to enable any person skilled in the art to 
make or use the present invention. Various modifications to 
these embodiments will be readily apparent to those skilled in 
the art, and the generic principles defined herein may be 
applied to other embodiments without departing from the 
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spirit or scope of the invention. Thus, the present invention is 
not intended to be limited to the embodiments shown herein 
but is to be accorded the widest scope consistent with the 
principles and novel features disclosed herein. 
What is claimed is: 
1. An apparatus comprising: 
at least one processor configured to determine a message 

type for a message that is being acknowledged, assign 
ing a channel identification based upon the message 
type, and map the acknowledgment to resources for a 
signaling channel that puncture traffic channels based 
upon the channel identification; and 

a memory coupled to the at least one processor. 
2. The apparatus of claim 1, wherein processor is config 

ured to assign a highest available channel identification to 
acknowledgements of assignment messages. 

3. The apparatus of claim 1, wherein processor is config 
ured to assign a lowest available channel identification to 
acknowledgments of data messages. 

4. The apparatus of claim 1, wherein the at least one pro 
cessor is configured to spread the acknowledgment with a 
spreading code, and to map the spread acknowledgment to the 
resources for the acknowledgment channel. 

5. The apparatus of claim 1, wherein the at least one pro 
cessor is configured to map an acknowledgment message to 
resources comprising multiple time-frequency segments. 

6. The apparatus of claim 5, wherein the multiple time 
frequency segments cover different frequency Subcarriers. 

7. The apparatus of claim 1, wherein the resources com 
prise time-frequency segment that each comprise multiple 
clusters, and wherein the at least one processor is configured 
to map an acknowledgment message to a cluster in each of 
multiple time-frequency segments. 

8. The apparatus of claim 1, wherein the at least one pro 
cessor is configured to determine the resources for the 
acknowledgment channel based on a frequency hopping pat 
tern. 

9. The apparatus of claim 1, wherein the acknowledgment 
channel equally punctures the traffic channels. 

10. The apparatus of claim 1, wherein the traffic channels 
are defined by a channel tree, and wherein each node in the 
channel tree is associated with specific resources in the 
acknowledgment channel and wherein acknowledgments for 
assignment messages are assigned the highest available node. 

11. The apparatus of claim 1, wherein the at least one 
processor is configured to generate orthogonal frequency 
division multiplexing (OFDM) symbols carrying the mapped 
signaling. 

12. The apparatus of claim 1, wherein the at least one 
processor is configured to generate single-carrier frequency 
division multiple access (SC-FDMA) symbols carrying the 
mapped signaling. 

13. The apparatus of claim 2, wherein the assignment mes 
Sage is a Supplemental assignment message. 

14. The apparatus of claim 2, wherein the assignment mes 
Sage is a decremental assignment message. 

15. The apparatus of claim 2, wherein the assignment mes 
sage may be a forward link assignment or a reverse link 
assignment. 

16. A method comprising: 
determining a type of message being acknowledged; 
assigning a channel identification based upon the type; 
generating the acknowledgment for transmission via a 

communication channel; and 
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mapping the acknowledgment to resources based upon the 
channel type for a channel that punctures traffic chan 
nels. 

17. The method of claim 16, further comprising: 
spreading the acknowledgment with a spreading code, and 

wherein the spread signaling is mapped to the resources 
for the signaling channel. 

18. The method of claim 16, wherein mapping comprises 
mapping a signaling message to multiple time-frequency seg 
mentS. 

19. The method of claim 16, wherein assigning comprises 
assigning a highest channel identification to acknowledge 
ments of assignment messages. 

20. The method of claim 19, wherein the assignment mes 
Sages comprise Supplemental assignment messages. 

21. The method of claim 19, wherein the assignment mes 
Sages comprise Supplemental assignment messages. 

22. The method of claim 19, wherein the assignment mes 
sage may be a forward link assignment or a reverse link 
assignment. 

23. The method of claim 16, wherein assigning comprises 
assigning a lowest channel identification to acknowledge 
ments to data messages. 

24. An apparatus comprising: 
means for determining a type of message being acknowl 

edged; 
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means for assigning a channel identification based upon 
the type; 

means for generating the acknowledgment for transmis 
sion via a communication channel; and 

means for mapping the acknowledgment to resources 
based upon the channel type for a channel that punctures 
traffic channels. 

25. The apparatus of claim 24, wherein the means for 
assigning comprises means for assigning a highest channel 
identification to acknowledgements of assignment messages. 

26. The apparatus of claim 25, wherein the assignment 
messages comprise Supplemental assignment messages. 

27. The apparatus of claim 25, wherein the assignment 
messages comprise a forward link assignment or a reverse 
link assignment. 

28. The apparatus of claim 25, wherein the assignment 
messages comprise Supplemental assignment messages. 

29. The apparatus of claim 24, wherein the means for 
assigning comprises means for assigning a lowest channel 
identification to acknowledgements to data messages. 

30. The apparatus of claim 24, wherein the means for 
mapping comprises means for mapping the acknowledge 
ment to multiple time-frequency segments. 

k k k k k 


