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and assigned to the assignee hereof and hereby
expressly incorporated by reference herein. BACKGROUND
[0002] Wireless communication systems can be
configured to support many different communication
types. For example, a wireless communication system
can support oneto- many, many-to-one, and one-to-one
communications. Additionally, communications may be
unidirectional or bidirectional. Thus, a wireless
communication system that supports bidirectional
communication having one-to-many communications in a
first direction can support many-to-one communication
in the opposite direction. [0003] In a bi-directional
communication system, the communication links can be
allocated or can be randomly assigned. In the case of
random assignment, a communication system may allocate
one or more random access channels for requesting
communication links and for reporting overhead
information relating to assigned links. [0004] A
wireless communication system, such as an Orthogonal
Frequency Division Multiple Access (OFDMA)
communication system can allocate channels in both
time and frequency. The transmitter in and OFDM system
can be restricted to a particular power or power
range. Thus, the use of overhead channels in addition
to data channels can adversely affect the amount of
energy available to support a data channel. However,
the use of such overhead channels can be important for
the operation of the system hi particular, a mobile
device may need to communicate over multiple channels
in order to negotiate a handoff between serving
stations. It is desirable to minimize the effects of
supporting multiple communication links to multiple
random access channels.BRIEF SUMMARY [0005] Apparatus
and methods for interlacing communications in random
access control channels of an Orthogonal Frequency
Division Multiple Access (OFDMA) wireless
communication system are described. A wireless
communication device communicating over distinct OFDMA
control channels to multiple serving sectors may
operate under link limited conditions. The wireless
communication device can interlace 



the communications between the multiple serving
sectors. The wireless communication device can
interlace the control channel communications using one
or more accessible resources. For example, the
wireless communication device can interlace multiple
control channel communications over time, frequency,
code, or some combination thereof. The wireless
communication device can configure the control channel
communications such that the interlaces are relatively
orthogonal to each other. For example, the wireless
communication device can interlace multiple control
channel communications over relatively orthogonal
times, frequencies, codes, or some combination of
orthogonal resources or combination of non-orthogonal
resources with one or more orthogonal resource. [0006]
The wireless communication device can interlace the
control channel communications in a number of
interlaces equal to the number of distinct control
channels over which communications are scheduled. In
another embodiment , the wireless communication device
divide the multiple scheduled control channel
communications into two or more sets and can interlace
the sets. In another embodiment, the wireless
communication device can reserve a first interlace for
control channel communications with the serving sector
and can time multiplex the remaining control channel
communications on one or more other interlaces. [0007]
Aspects of the disclosure include a method of
configuring communications over a plurality of control
channels assigned to a wireless device that includes
determining a plurality of control channel interlaces,
and interlacing communications to each of the
plurality of control channels over the plurality of
control channel interlaces. [0008] Aspects of the
disclosure include a method of configuring
communications over a plurality of control channels
assigned to a wireless device that includes receiving
a first control channel assignment corresponding to a
first sector, receiving a second control channel
assignment corresponding to a second sector, and
interlacing control messages over the first and second
control channels.[0009] Aspects of the disclosure
include a method of configuring communications over a
plurality of control channels assigned to a wireless
device that includes determining a handoff condition,
determining a control channel assignment of a serving
sector, determining at least one control channel
assignment of a non-serving sector, determining a
control channel interlace, selectively configuring a
control message for 



one of the control channel assignment of the serving
sector or the at least one control channel assignment
of the non-serving sector, and transmitting the
control message. [0010] Aspects of the disclosure
include an apparatus configured to communicate over a
plurality of assigned control channels. The apparatus
includes a serving sector control module configured to
selectively configure a first control message for a
logical control channel corresponding to a serving
sector, a non-serving sector control module configured
to selectively configure a second control message for
a logical control channel corresponding to a
non-serving sector, and an interlace controller
configured to determine a control channel interlace
and control one of the serving sector control module
or non-serving sector control module based on the
control channel interlace. [0011] Aspects of the
disclosure include an apparatus configured to
communicate over a plurality of assigned control
channels. The apparatus includes means for determining
a number of control channel assignments corresponding
to a plurality of control channels, means for
determining control channel interlace timing, and
means for configuring at least one control channel
message corresponding to one or more of the control
channel assignments based on the control channel
interlace timing and the number of control channel
assignments. [0012] Aspects of the disclosure include
computer-readable medium encoded with a computer
program to perform the steps of determining a
plurality of control channel interlaces, and
interlacing communications to each of the plurality of
control channels over the plurality of control channel
interlaces. [0013] Aspects of the disclosure include
computer-readable medium encoded with a computer
program to perform the steps of determining a handoff
condition, determining a control channel assignment of
a serving sector, determining at least one control
channel assignment of a non-serving sector,
determining a control channel interlace, and
selectively configuring a control message for one of
the control channel assignment of the serving sector
or the at least one control channel assignment of the
non-serving sector.BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The features, objects, and advantages of
embodiments of the disclosure will become more
apparent from the detailed description set forth below
when taken in conjunction with the drawings, in which
like elements bear like reference numerals. 



[0015] Figure 1 is a simplified functional block
diagram of an embodiment of a multiple access
communication system according to one embodiment.
[0016] Figure 2 is a simplified functional block
diagram of an embodiment of a transmitter and receiver
in a multiple access wireless communication system.
[0017] Figures 3 is a simplified functional block
diagram of embodiment of a transmitter implementing
control channel interlacing. [0018] Figure 4A-4E are
simplified time-logical channel diagrams of
embodiments of control channel interlacing. [0019]
Figure 5 is a simplified flowchart of an embodiment of
a method of control channel interlacing. [0020] Figure
6 is a simplified flowchart of an embodiment of a
method of control channel interlacing. [0021] Figure 7
is a simplified functional block diagram of an
embodiment of a transmitter implementing control
channel interlacing. DETAILED DESCRIPTION OF
EMBODIMENTS OF THE DISCLOSURE [0022] Figure 1 is a
simplified functional block diagram of an embodiment
of a multiple access wireless communication system
100. A multiple access wireless communication system
100 includes multiple cells, e.g. cells 102, 104, and
106. In the embodiment of Figure 1, each cell 102,
104, and 106 may include an access point 150 that
includes multiple sectors. [0023] The multiple sectors
are formed by groups of antennas each responsible for
communication with access terminals in a portion of
the cell. In cell 102, antenna groups 112, 114, and
116 each correspond to a different sector. For
example, cell 102 is divided into three sectors,
120a-102c. A first antenna 112 serves a first sector
102a, a second antenna 114 serves a second sector
102b, and a third antenna 116 serves a third sector
102c. In cell 104, antenna groups 118, 120, and 122
each correspond to adifferent sector. In cell 106,
antenna groups 124, 126, and 128 each correspond to a
different sector. [0024] Each cell is configured to
support or otherwise serve several access terminals
which are in communication with one or more sectors of
the corresponding access point. For example, access
terminals 130 and 132 are in communication with access
point 142, access terminals 134 and 136 are in
communication with access point 144, and access 



terminals 138 and 140 are in communication with access
point 146. Although each of the access points 142,
144, and 146 is shown to be in communication with two
access terminals, each access point 142, 144, and 146
is not limited to communicating with two access
terminals and may support any number of access
terminals up to some limit that may be a physical
limit, or a limit imposed by a communications
standard. [0025] As used herein, an access point may
be a fixed station used for communicating with the
terminals and may also be referred to as, and include
some or all the functionality of, a base station, a
Node B, or some other terminology. An access terminal
(AT) may also be referred to as, and include some or
all the functionality of, a user equipment (UE), a
user terminal, a wireless communication device, a
terminal, a mobile station or some other terminology.
[0026] It can be seen from Figure 1 that each access
terminal 130, 132, 134, 136, 138, and 140 is located
in a different portion of it respective cell than each
other access terminal in the same cell. Further, each
access terminal may be a different distance from the
corresponding antenna groups with which it is
communicating. Both of these factors provide
situations, in addition to environmental and other
conditions in the cell, to cause different channel
conditions to be present between each access terminal
and its corresponding antenna group with which it is
communicating. [0027] Each access terminal, for
example 130, typically experiences unique channel
characteristics not experienced by any other access
terminal because of the varying channel conditions.
Furthermore, the channel characteristics change over
time and vary due to changes in location. [0028] An
access terminal, for example 130, can communicate with
antenna 116 of access point 142 corresponding to a
serving sector to compensate for the different channel
conditions. The access point 142 corresponding to the
serving sector assigns a variable data rate based in
part on the channel characteristics experienced by the
access terminal 130. The access point 142 of the
serving sector can transmit information at adata rate
that is higher than a nominal data rate when the
channel characteristics experienced by the access
terminal 130 are favorable, and can transmit
information at a data rate that is lower than a
nominal data rate when the channel characteristics
experienced by the access terminal 130 are degraded.
[0029] The access terminal 130 can communicate
feedback information to the access 



point 142 of the serving sector to assist the access
point 142. For example, the access terminal 130 can
communicate a channel metric, such as a Channel
Quality Index (CQI) to the access point 142 of the
serving sector to provide an indication of the channel
quality. The access point 142 can determine the data
rate for subsequent information transmitted to the
access terminal 130 based in part on the CQI value.
[0030] The access terminal 130 transmits the CQI
information to the access point 142 of the serving
sector over a control channel. The access terminal 130
can also send other control information to the access
point 142 of the serving sector. The other control
information that can be included in control messages
can include, but is not limited to, requests (REQ) for
data channel assignments, acknowledgements (ACK) in
response to successful receipt of information
transmitted by the access terminal 142, and other
control information. [0031] The control channel can be
a predetermined reverse link channel that is dedicated
for control information. Alternatively, the control
channel can share resources with another channel, The
shared resources can include, for example, time,
frequency, codes, and the like or some other resource
or combination of resources. As used herein, the term
"reverse link" refers to the communication link from
an access terminal to an access point. [0032] In an
embodiment where the multiple access wireless
communication system 100 is an Orthogonal Frequency
Division Multiple Access (OFDMA) system, the control
channel can be a predetermined configuration of
subcarriers in the reverse link. The control channel
can also have a predetermined timing relative to a
time reference. For example, the reverse link data
channel can be arranged in blocks of OFDM symbols,
where one predetermined number of adjacent symbols is
defined as a slot. For example, a slot can have 16OFDM
symbols. The control channel can be defined to occur
during a predetermined time in the slot, for example,
during the first half of the slot.[0033] If the
multiple access wireless communication system 100
employs frequency hopping (FH), the data and control
channels can be assigned as logical channels,
sometimes referred to as hop ports, and the logical
channels can be mapped to physical channels according
to a predetermined frequency hopping algorithm. Thus,
in a frequency hopping OFDMA system , the physical
subcarrier frequencies assigned to the 



logical channels change over time. For example, the
frequency hopping algorithm can periodically update
the logical channel to physical subcarrier mapping,
for example, each OFDM symbol, each slot, or following
some other predetermined number of OFDM symbols.
[0034] Under certain conditions, the access terminal
may need or desire to transmit control channel
messages to more than one sector, and possibly
corresponding to more than one access point. The
access terminal is assigned a distinct control channel
for each sector. For example, an access terminal
communicating control messages to two distinct sectors
is assigned two distinct control channels. [0035] A
typical situation where an access terminal transmits
control channel messages to multiple receivers is a
handoff condition. During handoff, an access terminal
communicates over the control channel with the access
point of the serving sector and with the one or more
access points corresponding to each the candidate
sectors. In some situations, the access point
corresponding to a serving sector will be the same
access point corresponding to a candidate sector. In
other situations, the access terminal may communicate
with multiple distinct access points, where no two
sectors correspond to the same access point. In yet
other situations, the access terminal can communicate
with multiple access points corresponding to multiple
sectors, where at least two sectors correspond to the
same access point. In each of the situations, the
access point is assigned a distinct control channel
for the serving sector and each candidate sector, and
the access point transmits control channel messages
using each of the assigned communication channels.
[0036] As previously discussed, in a handoff situation
between multiple sectors, an access point transmits
control channel messages to one or more access points
serving multiple sectors. The need to transmit
additional control messages reduces the transmit power
available to the access terminal for data
transmission. One way to reduce the required transmit
power for access terminals transmitting control
messages t o access points corresponding to multiple
sectors is to interlace the messaging over the
controlchannel assignments. The access terminal can
interlace the control channel messages according to a
predetermined control channel interlacing process. The
access terminal can interlace the control message
transmissions in time, frequency, or a combination
thereof, where the interlaces may be fixed or
dynamically varying logical or physical 



resources that are grouped together. [0037] In the
situation where the access terminal is assigned two
control channels, corresponding, for example, to the
serving sector and a candidate sector, the access
terminal can transmit the control channel messages
using two interlaces. In a first embodiment, with two
control channel interlaces, when the access terminal
is assigned a second sector to transmit control
channels, the assigned control channel interlace is
made on the opposite interlace from the serving
sector. For example, the access terminal transmits
control information to its serving sector on control
interlace one, and to the non-serving sector on
control interlace two. At any point in time, in this
embodiment, the access terminal is only sending
control information to one sector, reducing the
required transmit power. [0038] If the access terminal
needs to send control information to the serving
sector and two other sectors, then there are several
possible extensions to the above embodiment. A first
embodiment includes adding additional interlaces. For
three sectors there would be three control channel
interlaces. [0039] A second embodiment includes
bunching up control messages. For three sectors, the
control messages for two sectors would be sent on
interlace one while the control for the third sector
would be sent on interlace two. This embodiment
provides some decrease in transmit power balanced
against increasing latency in receiving the control
signals. [0040] A third embodiment includes creating
sub-interlaces for control channel messages sent to
the non-serving sectors. In this case the control
channel to the serving sector is placed on interlace
one, and the control channels to the non-serving
sectors are placed on interlace two. However, the
access terminal only sends control information on
interlace two to one non-serving sector at a time.
[0041] When a handoff is completed, the control
channels are reassigned to maintain this asymmetry
with the new serving sector control channels on one
interlace and the non-serving sector control channels
on another interlace. This creates a lower latency
control channel to the serving sector, maintaining
multi-user diversity gains, with ahigher latency
control channel to the non-serving sectors for reverse
link channel quality and handoff requests. The
non-serving sector control channels transmitted one at
a time on the opposite interlace from the serving
sector may either be cycled through in a 



periodic order, or the access terminal may decide
which sector to transmit control to out of order based
on available information, such as a desired handoff
request. [0042] The above embodiments can be
implemented utilizing transmit (TX) processor 420 or
460, processor 430 or 470, and memory 432 or 472, as
shown in Figure 2. The processes may be performed on
any processor, controller, or other processing device
and may be stored as computer readable instructions in
a computer readable medium as source code, object
code, or otherwise. [0043] Figure 2 is a simplified
functional block diagram of an embodiment of a
transmitter and receiver in a multiple access wireless
communication system. At transmitter system 410,
traffic data for a number of data streams is provided
from a data source 412 to a transmit (TX) data
processor 414. In an embodiment, each data stream is
transmitted over a respective transmit antenna. TX
data processor 414 formats, codes, and interleaves the
traffic data for each data stream based on a
particular coding scheme selected for that data stream
to provide coded data. In some embodiments, TX data
processor 414 applies beamforming weights to the
symbols of the data streams based upon the user to
which the symbols are being transmitted and the
antenna from which the symbol is being transmitted. In
some embodiments, the beamforming weights may be
generated based upon channel response information that
is indicative of the condition of the transmission
paths between the access point and the access
terminal. The channel response information may be
generated utilizing CQI information or channel
estimates provided by the user. Further, in those
cases of scheduled transmissions, the TX data
processor 414 can select the packet format based upon
rank information that is transmitted from the user.
[0044] The coded data for each data stream may be
multiplexed with pilot data using OFDM techniques. The
pilot data is typically a known data pattern that is
processed in a known manner and may be used at the
receiver system to estimate the channel response. The
multiplexed pilot and coded data for each data stream
is then modulated (i.e., symbol mapped) based on a
particular modulation scheme (e.g., BPSK, QPSK, MPSK,
or M-QAM) selected for that data stream to provide
modulation symbols. The data rate, coding, and
modulation for each data stream maybe determined
byinstructions provided by processor 430. In some
embodiments, the number of parallel spatial streams
may be varied according to the rank information that
is transmitted from 



the user. [0045] The modulation symbols for all data
streams are then provided to a TX MIMO processor 420,
which may further process the modulation symbols (for
example, for OFDM). TX MMO processor 420 then provides
N symbol streams to N Ttransmitters (TMTR) 422a
through 422t. In certain embodiments, TX MIMO
processor 420 applies beamforming weights to the
symbols of the data streams based upon the user to
which the symbols are being transmitted and the
antenna from which the symbol is being transmitted
from that users channel response information. [0046]
Each transmitter 422a through 422t receives and
processes a respective symbol stream to provide one or
more analog signals, and further conditions (e.g.,
amplifies, filters, and upconverts) the analog signals
to provide a modulated signal suitable for
transmission over the MEVIO channel. N T modulated
signals from transmitters 422a through 422t are then
transmitted from NT antennas 424a through 424t,
respectively. [0047] At receiver system 450, the
transmitted modulated signals are received by N
antennas 452a through 452r and the received signal
from each antenna 452 is provided to a respective
receiver (RCVR) 454. Each receiver 454 conditions
(e.g., filters, amplifies, and downconverts) a
respective received signal, digitizes the conditioned
signal to provide samples, and further processes the
samples to provide a corresponding "received" symbol
stream. [0048] An RX data processor 460 then receives
and processes the NR received symbol streams from
NRreceivers 454 based on a particular receiver
processing technique to provide the rank number of
"detected" symbol streams. The processing by RX data
processor 460 is described in further detail below.
Each detected symbol stream includes symbols that are
estimates of the modulation symbols transmitted for
the corresponding data stream. RX data processor 460
then demodulates, deinterleaves, and decodes each
detected symbol stream to recover the traffic data for
the data stream. The processing by RX data processor
460 is complementary to that performed by TX MIMO
processor 420 and TX data processor 414 at transmitter
system 410. [0049] The channel response estimate
generated by RX processor 460 may be used to perform
space, space/time processing at the receiver, adjust
power levels, change modulation rates or schemes, or
other actions. RX processor 460 may further
estimatethe signal-to-noise-and-interference ratios
(SNRs) of the detected symbol streams, and 



possibly other channel characteristics, and provides
these quantities to a processor 470. RX data processor
460 or processor 470 may further derive an estimate of
the "effective" SNR for the system. Processor 470 then
provides estimated channel information, such as the
Channel Quality Index (CQI), which may comprise
various types of information regarding the
communication link and/or the received data stream.
For example, the CQI may comprise only the operating
SNR. The CQI is then processed by a TX data processor
438, which also receives traffic data for a number of
data streams from a data source 476, modulated by a
modulator 480, conditioned by transmitters 454a
through 454r, and transmitted back to transmitter
system 410. [0050] At transmitter system 410, the
modulated signals from receiver system 450 are
received by antennas 424, conditioned by receivers
422, demodulated by a demodulator 440, and processed
by a RX data processor 442 to recover the CQI reported
by the receiver system. The reported CQI is then
provided to processor 430 and used to (1) determine
the data rates and coding and modulation schemes to be
used for the data streams and (2) generate various
controls for TX data processor 414 and TX MIMO
processor 420. [0051] At the receiver, various
processing techniques may be used to process the NR
received signals to detect the N transmitted symbol
streams. These receiver processing techniques may be
grouped into two primary categories (i) spatial and
space-time receiver processing techniques (which are
also referred to as equalization techniques); and (ii)
"successive nulling/equalization and interference
cancellation" receiver processing technique (which is
also referred to as "successive interference
cancellation" or "successive cancellation" receiver
processing technique). [0052] A MIMO channel formed by
the Nr transmit and NRreceive antennas may be
decomposed into N independent channels, with N < min
{Nr ,N . Each of the Ns independent channels may also
be referred to as a spatial subchannel (or a
transmission channel) of the MEVIO channel and
corresponds to a dimension. [0053] Figure 3 is a
simplified functional block diagram of an embodiment
of a transmit processing subsystem 300 of a receiver
system, such as the receiver system 450 of Figure 2.
The transmit processing subsystem 300 is configured to
perform control channel interlacing.[0054] The
transmit processing subsystem 300 includes a baseband
processor 310 



configured to receive one or more data or information
streams from one or more data sources (not shown). The
baseband processor 310 can process each of the data or
information streams, for example, by amplifying,
filtering, interleaving, encoding the streams from the
data sources. The baseband processor 310 can process
each data stream independently, can combine two or
more of the data streams for processing, or can
process some data streams independently while
combining two or more distinct data streams. [0055]
The baseband processor 310 receives timing and data
interlace information from an interlace controller
330. The interlace controller 330 can maintain data
symbol, slot, and frame timing as well as data
interlace timing. The various data streams can be
assigned to a particular data interlace from a
plurality of data interlaces. A data interlace can be
viewed as a time division multiplex timing assignment
for a particular logical channel. That is, each
logical data channel can include a plurality of data
interlaces, to which any one of the multiple data
streams can be assigned. [0056] The data interlace can
have a duration that substantially corresponds to a
predetermined duration, that can be, for example a
predetermined number of symbols, slots, frames, or
some other timing increment. The use of a data
interlace can be advantageous in a communication
system that implements an acknowledgement (ACK) signal
that indicates successful receipt of transmitted data.
The receiver can process received signals and
communicate the ACK during the time between adjacent
data interlaces to reduce the retransmission time. In
one embodiment, the interlace controller 330 is
configured to track six data interlaces. [0057] The
baseband processor 310 couples the processed data
streams to a data signal mapper/modulator 342. The
data signal mapper/modulator 342 is configured to map
one or more logical data channels to corresponding
physical subcarriers of an OFDM symbol. In one
embodiment, the data signal mapper/modulator 342
receives a serial data stream from the baseband
processor 310 and operates to convert the serial data
stream into a parallel data stream having a number of
parallel data streams equal to a number of subcarrier
assignments. The data signal mapper/modulator 342
modulates the assigned physical subcarriers with the
corresponding data streams according to a
predetermined modulation type. As described earlier,
the predetermined modulation 



type can be, for example, one of BPSK, QPSK, M-PSK, or
M-QAM.[0058] A hop assignment module 350 determines
the subcarriers assigned to the various logical
channels based on, for example, an initial frequency
assignment and a frequency hopping algorithm or
pattern. The hop assignment module 350 identifies the
physical subcarrier assignments corresponding to the
logical data channels and communicates the information
to the data signal mapper/modulator 342. [0059]
Control channel information that is to be included
onto OFDM symbols is processed in a manner similar to
the data processing. A serving sector control module
332 is configured to receive control information that
is to be communicated to the access point of the
serving sector on the control channel assigned to the
access terminal corresponding to the serving sector.
For example, the serving sector control module 332 can
be configured to receive channel requests from a data
source (not shown) and CQI information corresponding
to received signals processed in a RX data processor
(not shown). [0060] The serving sector control module
332 is configured to process the received signals, and
can interleave, encode, and otherwise format the
control messages. The serving sector control module
332 receives timing and control channel interlace
information from the interlace controller 330. The
information can include the interlace assignment and
timing related to the assigned control channel
interlace. [0061] The communication link can be
configured to support a plurality of control channel
interlaces that can be the same, or distinct from the
data interlaces. In an embodiment, there may be a
mimmum number of control channel interlaces, and the
interlace controller 330 can track the occurrence and
control channel interlace assigned to the control
channel for the serving sector. The serving sector
control module 332 couples the processed serving
sector control messages to a control channel
mapper/modulator 344. [0062] Similarly, a non-serving
sector control module 324 is configured to receive the
control messages for the non-serving sectors. There
are occasions when there are no non-serving sector
control channels, and other occasions when the access
terminal is assigned one or more non-serving sector
control channels. [0063] The non-serving sector
control module 324 independently processes each of the
control messages corresponding to each of the assigned
control channels exclusive 



of the control channel for the serving sector. The
non-serving sector control module 324 can process each
of the control message in substantially the same way
that theserving sector control module 322 processes
messages for the serving sector control channel. The
non-serving sector control module 324 receives timing
and control channel interlace information from the
interlace controller 330. The information can include
the interlace assignment and timing related to the one
or more assigned control channels. The non-serving
sector control module 324 couples the control channel
messages for the one or more non-serving sector
control channels based on the interlace process
executed by the interlace controller 330. As described
in further detail below, the interlace controller 330
can implement an interlace process that controls the
timing and interlacing of the control channel messages
over available control channel interlaces. [0064] The
control channel mapper/modulator 344 operates to map
each of the control channel messages on each of the
control channel logical assignments to the
corresponding physical subcarriers of each OFDM
symbol. Each of the logical control channel
assignments can be mapped to a corresponding set of
OFDM subcarriers. The control channel mapper/modulator
344 operates to modulate each of the control channel
information onto the corresponding subcarriers. [0065]
Because of the control channel interlacing, not every
assigned control channel generates control channel
information each control channel interlace. The hop
assignment module 350 determines the physical
subcarrier hop assignments, and can determine the
subcarrier assignments independently for each logical
control channel. [0066] The data signal
mapper/modulator 342 and the control channel
mapper/modulator 344 couple the modulated subcarriers
to an OFDM signal generator that can include an
Inverse Fast Fourier Transform (IFFT) module 360
configured to transform the modulated subcarriers to a
time domain OFDM symbol samples. [0067] The output of
the IFFT module 370 is coupled to a parallel to serial
converter 370 that converts the parallel IFFT output
to a serial signal stream of OFDM samples. The
parallel to serial converter 370 couples the OFDM
symbol samples to a transmitter 380 that performs
signal processing to frequency translate the OFDM
symbol samples to a transmit RF signal. The
transmitter 380 couples the transmit RF signal to the
antenna 382 to couple the signal to one or more access
points. 



[0068] As discussed above, the interlace controller
330 executes a control channel interlace process to
determine the timing of the control channel messages
corresponding to a plurality of assigned control
channels, one of which corresponds to the
servingsector. The interlace controller 330 can
implement any of a variety of interlace processes, and
the processes discussed herein are illustrative of the
types of interlace processes. The interlace controller
330 can determine the assigned control channel
interlaces and can, in some embodiments, determine
when to puncture control channel information. [0069]
The receiver system can receive a first control
channel assignment corresponding to the control
channel of the serving sector and can receive one or
more additional control channel assignments
corresponding to one or more non-serving sectors. The
interlace controller 330 can maintain a record of the
number of assigned control channels, and can determine
the interlaces based on the number of assigned control
channels and the interlace process. [0070] Control
channel interlacing can be advantageous in an OFDM
communication system in conditions where the
communications are link limited. A link limited
situation can occur when the path loss from the access
terminal to the access point is at the high end of a
serviceable range. The high path loss situation can
occur due to obstructions and physical terrain or due
to proximity. An access terminal near the edge of a
coverage area typically operates in a link limited
environment. [0071] The access point and access
terminal may compensate, in part, for the link limited
condition by decreasing the transmitted data or
information rate. However, at some point, even the
lowest data rate transmission can experience a link
limited condition. [0072] An access terminal can
experience link limited communications when it is
close to a handoff. The access terminal can
communicate with adjacent access points to negotiate a
handoff when it experiences a link limited condition.
The access terminal can continue to communicate on a
control channel of the serving sector, and can request
and be assigned a control channel to one or more
candidate sectors. As noted earlier, the candidate
sectors can be served by one or more access points
that are common with or distinct from the access point
supporting the serving sector. [0073] The link limited
communication from the access terminal to the access
point in 



an OFDM system can be further degraded by the
inclusion of the additional control channels, if
control channel interlacing is not implemented. The
additional control channels can operate to further
limit the power available to support the data channel.
Thus, the inclusion of additional control channels,
used to support handoff in a linklimited condition,
can operate to further degrade the link limited
communication link. Control channel interlacing
operates to minimize the effects of the additional
control channels on the link limited data channel.
[0074] Figures 4A-4E illustrate examples of control
channel interlacing processes that may be implemented
in the interlace controller. Typically, the interlace
controller implements one particular interlace
process. However, in some embodiments, the interlace
controller may determine which of a plurality of
interlace processes to implement, and may change which
of the interlace processes is active. [0075] Figure 4A
is a simplified time-logical channel diagram 200 of an
embodiment of control channel interlacing. In the
embodiments illustrated in Figure 4A, the transmitter
is assigned two control channels, control channel 1
(CCl) 202 and control channel 2 (CC2) 204.
Additionally, the system may be configured with two
control channel interlaces. [0076] The transmitter
operates to interlace the two control channels. Thus,
the transmitter, via the interlace controller, assigns
CCl 202 to the first control channel interlace and
assigns CC2 204 to the second control channel
interlace. During the corresponding interlace, the
logical control channel is mapped to the physical
subcarriers of the OFDM symbol, for example based on a
frequency hopping process. Thus, a data channel never
simultaneously operates in conjunction with greater
than one control channel. [0077] Figure 4B illustrates
an extension of the process illustrated in Figure 4A,
for operation with more than two control channels
corresponding to non-serving sectors. Figure 4B is a
simplified time-logical channel diagram 210 of an
embodiment of control channel interlacing. In the
embodiment of Figure 4B, the transmitter is assigned
three control channels. A first control channel (CCl)
212 corresponds to the serving sector, while second
and third control channels, CC2 214 and CC3 214
correspond to nonserving sectors. [0078] The
communication system includes two control channel
interlaces, as 



illustrated in Figure 4A. The interlace controller
within the transmitter operates to interlace the
control channel messages across the various control
channels by assigning the control channel, CCl 212,
corresponding to the serving sector to the first
control channel interlace, and assigning all other
control channels, CC2 214 and CC3 216, to the second
control channel interlace. The interlace controller
effectively prioritizes thecontrol channel CCl 212
over the non serving control channels CC2 214 and CC3
216. However, the data transmissions may be degraded
during the second interlace depending on the number of
non-serving control channels. If the interlace
controller assigns all non-serving sector control
channels to the second interlace, and there is greater
than one non-serving sector control channel, the
additional control channels can degrade an already
link limited data link. [0079] Figure 4C is a
simplified time-logical channel diagram 220 of an
embodiment of control channel interlacing. In the
embodiment of Figure 4C, the interlace controller
interlaces the control channels using a process that
assigns only one control channel to each control
channel interlace. In the embodiment of Figure 4C, the
interlace controller assigns each control channel to a
distinct control channel interlace. Thus, the number
of control channel interlaces can be dynamic, and can
correspond to the total number of control channels
assigned to the access terminal. [0080] The interlace
controller assigns a first control channel interlace
to the serving sector control channel, CCl 222. The
interlace controller assigns a second control channel
interlace to the a first non-serving sector control
channel, CC2 224, and a third control channel
interlace to the a second non-serving sector control
channel, CC3 226. The interlace controller can extend
the assignment of control channel interlaces to
support any additional control channels. [0081] Figure
4C is a simplified time-logical channel diagram 230 of
an embodiment of control channel interlacing. In the
embodiment of Figure 4D, the interlace controller
assigns the control channels to one of two control
channel interlaces. The interlace controller assigns
the control channel of the serving sector, CCl 232, to
the first control channel interlace. The interlace
controller assigns the control channels, CC2 234 and
CC3 236, to the second control channel interlace in a
round robin order. The process can be extended to any
number of non-serving sector control channels, and can
be extended to any number of control channel
interlaces. 



[0082] Figure 4D is a simplified time-logical channel
diagram 240 of an embodiment of control channel
interlacing. The embodiment of Figure 4D illustrates a
process in which the interlace controller monitors the
data interlace and operates to selectively puncture a
control channel message. [0083] As described above,
the data channel can be assigned to one of a plurality
of data interlaces. The number of data interlaces can
be distinct from the number ofcontrol channel
interlaces. In the embodiment of Figure 4D, there are
three data interlaces and two control channel
interlaces. [0084] The data channel 242 is assigned to
one of three data interlaces. The control channels are
assigned to one of two control channel interlaces
according to an interlace process. In the embodiment
of Figure 4D, the serving sector control channel, CCl
244, and a first non serving sector control channel,
CC2 246, are assigned to the first control channel
interlace, while a second non-serving sector control
channel, CC3 248, is assigned to the second control
channel interlace. [0085] The interlace controller
operates to puncture the non-serving sector control
channel messages when the control channel interlace
coincides with the assigned data channel interlace. In
a first time period 250, the transmitter is scheduled
to transmit the data channel 242 and the serving
sector control channel CCl 244 and the first
nonserving sector control channel CC2 246. However,
because the data interlace coincides with the control
channel interlace, the interlace controller punctures
the non-serving sector control channel message. Thus,
the interlace controller operates to puncture, or
otherwise omit transmission of, the control message
for the first non-serving sector control channel CC2
246. This same situation occurs in a third time period
254, and the interlace controller again operates to
puncture the control message corresponding to the
first non-serving sector control channel CC2 246.
[0086] In a second time period 252, the data interlace
coincides with the second control channel interlace.
The interlace controller operates to puncture the
second control channel message. [0087] The interlace
controller thus operates to puncture the control
messages corresponding to the non-serving sector
control channels any time that they coincide with the
data channel. Puncturing the control channel messages
can be advantageous in that the control messages
corresponding to the non-serving sector control
channels have 



essentially no effect on the data channel. The
non-serving sector control channels do not degrade a
potentially link limited data channel. Thus, to the
serving sector access point, the access terminal
appears to operate in the absence of any non-serving
sector control channels. [0088] Although the
embodiments described above in relation to Figures 2,
3, and 4A-4E have focused on OFDM control channel
communications that are time interlaced, the control
channels are not limited to OFDM control channels and
theinterlacing of the control channels is not limited
to time interlacing. The access terminal can interlace
the control channel communications using one or more
accessible resources. For example, the access terminal
can interlace multiple control channel communications
over interlaces of time, frequency, code, or some
combination thereof. The access terminal can configure
the control channel communications such that the
interlaces are relatively orthogonal to each other.
For example, the access terminal can interlace
multiple control channel communications over
relatively orthogonal times, frequencies, codes, or
some combination of orthogonal resources or
combination of non-orthogonal resources with one or
more orthogonal resource. [0089] In one embodiment,
the access terminal can frequency domain interlace the
various control channels. Similarly, in another
embodiment, the access terminal can code division
interlace the control channel communications. Other
access terminal embodiments can implement a
combination of interlace mechanisms, for example,
interlacing control channel communications over some
combination or time and code or some combination of
frequency and code. [0090] It should be noted that the
number of interlaces and control channel interlaces
may vary, e.g. dynamically, or may be an overhead
parameter specified by the communication system.
[0091] Figure 5 is a simplified flowchart of an
embodiment of a method 500 of control channel
interlacing. The method 500 can be performed, for
example, by the interlace controller of the
transmitter of Figure 3. [0092] The method 500 begins
at block 510 where the interlace controller determines
that there are multiple control channel links. The
interlace controller can determine this, for example,
by determining that the access terminal has received a
control channel assignment that is in addition to the
control channel corresponding to the serving sector. 



In another example, the interlace controller can
determine that the access terminal is assigned
multiple control channels via one or more flags or
status indicators that indicate the presence of
multiple control channel assignments. [0093] The
interlace controller proceeds to decision block 520
and determines whether the data communication link is
one that is link limited. For example, the interlace
controller can be configured to interlace the control
channels only in those situations where the multiple
control channels have the possibility of degrading the
link limited channel. The interlace controller can
determine that the data communicationlink is link
limited by determining the data rate assigned to the
link, or by examining some metric of the link quality,
such as a CQI for the communication link.
Alternatively or additionally, the interlace
controller can determine that a data channel is link
limited by determining that the access terminal is
processing a handoff. [0094] If the interlace
controller determines that the data channel is not
link limited, the interlace controller proceeds from
decision block 520 to block 570, and does not
interlace the control channel messages. If, instead,
the interlace controller determines that the data
channel is link limited, the interlace controller
proceeds from decision block 520 to block 530. [0095]
At block 530, the interlace controller determines the
actual number of control channels assigned to the
access terminal. In some embodiments, this function
can be integrated into the function performed in block
510. [0096] After determining the number of control
channels assigned to the access terminal, the
interlace controller proceeds to block 540 and
determines symbol timing, for example, for OFDM
symbols. The symbol timing can include symbol frame
and slot timing, and can include a reference number
identifying the position of the symbol in a frame of
symbols. [0097] The interlace controller proceeds to
block 550 and determines a data interlace, if any,
assigned to the data channel for the access terminal.
Additionally, the interlace controller can determine
which data interlace is presently active or is being
configured for transmission. As described before, the
data channel can be assigned to one or more specific
data interlaces from a plurality of data interlaces.
The identity of the data interlace can be advantageous
for those interlace processes that puncture
non-serving control channel messages. 



[0098] The interlace processor proceeds to block 560
and determines the control channel interlaces assigned
to the access terminal and determines which of the
control channel interlaces is presently active or
being configured for transmission. In one embodiment,
the interlace controller can determine and assign the
number of control channel interlaces. The interlace
controller proceeds to block 570 and configures the
identified control channel interlace for one or more
control channel messages, based on a control channel
interlace process, such as one of the processes
illustrated in Figures 4A-4E.[0099] Figure 6 is a
simplified flowchart of an embodiment of a method 600
of control channel interlacing. The method 600 can be
performed by the receiver system of Figure 2 or the
interlace controller of Figure 3. [0100] The method
600 begins at block 610, where the receiver system
determines that the access terminal is operating in a
handoff condition. Such as condition can occur as a
result of a diminished CQI for the serving sector in
combination with the availability of one or more
candidate sectors. The access terminal can request a
control channel from each of the candidate sectors.
[0101] The receiver system proceeds to block 620 to
determine the number of candidate sectors. The
receiver system can determine the number of candidate
sectors, for example, based on one or more flags or
indicators. The receiver system proceeds to block 630
and determines the control channel interlace timing
and which control channel interlace is active or
otherwise is presently being processed. [0102] The
receiver system proceeds to block 640 and directs the
serving sector control module to selectively configure
the control channel message of for the serving sector
based in part on the identity of the active control
channel interlace. For example, the receiver system
may not direct the serving sector control module to
configure a control message to the serving sector if
the receiver system determines that the control
channel interlace process determines no serving sector
control message is to be generated for the active
control channel interlace. [0103] The receiver system
proceeds to block 650 and selectively directs the
nonserving sector control module to configure one or
more control messages corresponding to the one or more
non-serving sector control channels. The receiver
system determines which of the control messages to
configure, and thus, which of the non-serving sectors 



to communicate with, based at least in part on the
control channel interlace and the identity of the
control channel associated with the control channel
interlace. In some embodiments, the receiver system
can also determine the data channel interlace and can
selectively puncture the control message based on the
data channel interlace. [0104] The receiver system
proceeds to block 660 and directs the signal mapper to
map the control channel logical channels to the
physical channels of an OFDM symbol. The logical to
physical mapping can be performed according to a
predetermined frequency hopping algorithm, pattern, or
sequence. The receiver system proceeds toblock 670 and
transmits the OFDM symbol having the proper control
channel message contained therein. [0105] Figure 7 is
a simplified functional block diagram of an embodiment
of a transmitter 700 implementing control channel
interlacing. The transmitter 700 includes means for
determining a number of control channels 710 assigned
to the transmitter 700, and can determine the number
of control channel links that need to be serviced. The
means for determining a number of control channels 710
can include means for determining one or more
non-serving sector control channels and can determine
the number of non-serving sector control channels. The
transmitter 700 also includes a means for determining
a link limited data link 720 that can include a means
for determining if the transmitter 700 is in a
handoff. [0106] The transmitter 700 also includes a
means for determining timing 730 that can include
means for determining control channel interlace timing
as well as means for determining data interlace
timing. The means for determining timing 730 can also
include means for determining OFDM symbol timing, and
the symbol timing can include slot timing or frame
timing. [0107] Each of the functional blocks of the
transmitter 700 described above is coupled to a means
for configuring a control channel message 740. The
means for configuring the control channel message 740
can selectively configure one or more control channel
messages corresponding to one or more of the assigned
control channels based in part on the timing, number
of control channels, and presence of a link limited
data channel. The means for configuring the control
channel message 740 can include means for interlacing
the plurality of control channels. [0108] The output
of the means for configuring a control channel message
740 is 



coupled to a means for generating an OFDM symbol 750.
The means for generating an OFDM symbol 750 can
operate to perform an IFFT of a plurality of OFDM
subcarriers to generate a plurality of OFDM symbol
samples. [0109] The means for generating an OFDM
symbol 750 couples the plurality of OFDM symbol
samples to a means for transmitting the OFDM symbols
760. The means for transmitting the OFDM symbols 760
can be configured to process and frequency convert the
OFDM samples to a RF channel, over which the OFDM
symbol is transmitted.[0110] Apparatus and methods are
described herein to interlace control channel messages
corresponding to a plurality of control channel
assignments. Each control channel assignment can occur
within a subset of subcarriers of an OFDM system. The
control channel messages are interlaced across one or
more control channel interlaces supported by the
wireless system. [0111] Any of a plurality of
interlace processes can be implemented to allow for
interlacing of the various control channels and
underlying control channel messages. The control
channels of the non-serving sectors can be multiplexed
in around robin fashion, can be grouped within one or
more interlaces, or can be assigned to distinct
interlaces, for example. An interlace controller can
track an assigned data interlace and can selectively
puncture the control channel messages corresponding to
non-serving sector control channels, if the control
channel interlace coincides with a data interlace.
[0112] The apparatus and methods enable a transmitter
to support a plurality of control channel assignments
without substantially degrading the performance of a
link limited data channel. The control channel
interlacing reduces the amount of power allocated to
the control channels to optimize the power that can be
allocated to the data channel. [0113] As used herein,
the term coupled or connected is used to mean an
indirect coupling as well as a direct coupling or
connection. Where two or more blocks, modules,
devices, or apparatus are coupled, there may be one or
more intervening blocks between the two coupled
blocks. [0114] The various illustrative logical
blocks, modules, and circuits described in connection
with the embodiments disclosed herein may be
implemented or performed with a general purpose
processor, a digital signal processor (DSP), a Reduced



Instruction Set Computer (RISC) processor, an
application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor
may be any processor, controller, microcontroller, or
state machine. A processor may also be implemented as
a combination of computing devices, for example, a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such
configuration.[0115] The steps of a method, process,
or algorithm described in connection with the
embodiments disclosed herein may be embodied directly
in hardware, in a software module executed by a
processor, or in a combination of the two. The various
steps or acts in a method or process may be performed
in the order shown, or may be performed in another
order. Additionally, one or more process or method
steps may be omitted or one or more process or method
steps may be added to the methods and processes. An
additional step, block, or action may be added in the
beginning, end, or intervening existing elements of
the methods and processes. [0116] The above
description of the disclosed embodiments is provided
to enable any person of ordinary skill in the art to
make or use the disclosure. Various modifications to
these embodiments will be readily apparent to those of
ordinary skill in the art, and the generic principles
defined herein may be applied to other embodiments
without departing from the spirit or scope of the
disclosure. Thus, the disclosure 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:CLAIMS 1. A method of configuring
communications over a plurality of control channels
assigned to a wireless device, the method comprising:
determining a plurality of control channel interlaces;
and assigning control channel communications for the
plurality of control channels over the plurality of
control channel interlaces. 2. The method of claim 1,
wherein determining the plurality of control channel
interlaces comprises: 



determining a number of distinct control channels
assigned to the wireless device; and configuring a
control channel interlace for each of the number of
distinct control channels assigned to the wireless
device. 3. The method of claim 1, wherein determining
the plurality of control channel interlaces comprises:
determining a number of distinct control channels of
the plurality of control channels; and assigning a
distinct control channel interlace to each of the
plurality of control channels. 4. The method of claim
1 wherein determining the plurality of control channel
interlaces comprises determining a predetermined
number of control channel interlaces. 5. The method of
claim 1, wherein assigning control channel
communications comprises: assigning a first control
channel interlace for serving sector control channel
communication; and assigning a second control channel
interlace distinct from the first control channel
interlace for control channel communication with at
least one non-serving sector. 6. The method of claim
5, further comprising:determining a data channel
interlace assigned to the wireless device; and
puncturing information in the second control channel
interlace when the second control channel interlace is
concurrent with the data channel interlace. 7. The
method of claim 1, wherein assigning control channel
communications comprises configuring a control message
for a distinct one of the control channels based on
the control channel interlace. 8. The method of claim
1, wherein assigning control channel communications
comprises: determining an active control channel
interlace from the plurality of control channel
interlaces; configuring a logical control channel
corresponding to the active control 



channel interlace; and mapping the logical control
channel to a subset of subcarriers of an Orthogonal
Frequency Division Multiplex (OFDM) symbol. 9. The
method of claim 8, wherein mapping the logical control
channel to the subset of subcarriers comprises mapping
the logical control channel to the subset of
subcarriers according to a frequency hopping
algorithm. control channel interlace that is distinct
from the first control channel interlace. 10. A method
of configuring communications over a plurality of
control channels assigned to a wireless device, the
method comprising: determining a handoff condition;
determining a control channel assignment of a serving
sector; determining at least one control channel
assignment of a non-serving sector; determining a
control channel interlace; selectively configuring a
control message for one of the control channel
assignment of the serving sector or the at least one
control channel assignment of the non-serving sector;
and transmitting the control message.11. The method of
claim 10, further comprising mapping the control
message to a plurality of subcarriers in at least one
Orthogonal Frequency Division Multiplex (OFDM) symbol.
12. The method of claim 10, wherein determining the
control channel interlace comprises: determining a
first control channel interlace corresponding to the
control channel assignment of the serving sector; and
determining at least one additional control channel
interlace corresponding to the at least one control
channel assignment of the non-serving sector. 13. The
method of claim 10, wherein selectively configuring
the control message comprises: determining a data
interlace; and puncturing the control message if the
data interlace overlaps at least a 



portion of the control channel interlace, and if the
control message is configured for the at least one
control channel assignment of the non-serving sector.
14. An apparatus configured to communicate over a
plurality of assigned control channels, the apparatus
comprising: a serving sector control module configured
to selectively configure a first control message for
communication over a logical control channel
corresponding to a serving sector; a non-serving
sector control module configured to selectively
configure a second control message for communication
over a logical control channel corresponding to a
non-serving sector; and an interlace controller
configured to determine a control channel interlace
and activate one of the serving sector control module
or non-serving sector control module based on the
control channel interlace. 15. The apparatus of claim
14, wherein the interlace controller is configured to
activate the serving sector control module during a
first control channel interlace and activate the
non-serving sector control module during a second
control channel interlace.16. The apparatus of claim
14, wherein the interlace controller is configured to
determine a data interlace and puncture control
messages corresponding to the non-serving sector
control module when the control channel interlace
corresponds to a non-serving sector control channel
interlace that overlaps at least a portion of the data
interlace. 17. The apparatus of claim 14, wherein the
interlace controller is configured to allocate a
distinct control channel interlace to a serving sector
control channel assignment and each of at least one
non-serving sector control channel assignment. 18. The
apparatus of claim 14, wherein the non-serving sector
control module is configured to interlace control
messages to each of a plurality of non-serving
sectors. 19. The apparatus of claim 14, wherein the
non-serving sector control module is configured to
concurrently configure a plurality of control messages
corresponding to each of a plurality of non-serving
sector control channels. 



20. The apparatus of claim 14, further comprising: a
control channel mapper coupled to the serving sector
control module and the non-serving sector control
module and configured to map each of the logical
control channel corresponding to the serving sector
and the logical control channel corresponding to the
non-serving sector to subcarriers of an OFDM symbol
according to a logical channel to subcarrier map. 21.
The apparatus of claim 20, further comprising a hop
assignment module coupled to the control channel
mapper and configured to generate the logical control
channel to subcarrier map according to a frequency
hopping algorithm. 22. An apparatus configured to
communicate over a plurality of assigned control
channels, the apparatus comprising: means for
determining a number of control channel assignments
corresponding to a plurality of control channels;means
for determining control channel interlace timing; and
means for configuring at least one control channel
message corresponding to one or more of the control
channel assignments based on the control channel
interlace timing and the number of control channel
assignments. 23. The method of claim 22, wherein the
means for determining the number of control channel
assignments comprises means for determining a number
of non-serving sector control channels. 24. The method
of claim 22, wherein the means for configuring at
least one control channel messag comprises means for
interlacing the plurality of control channels over at
least one control channel interlace. 25.
Computer-readable medium encoded with a computer
program to perform the steps comprising: determining a
plurality of control channel interlaces; and
interlacing communications to each of the plurality of
control channels over the plurality of control channel
interlaces. 26. Computer-readable medium encoded with
a computer program to perform the steps comprising:
determining a handoff condition; determining a control
channel assignment of a serving sector; 



determining at least one control channel assignment of
a non-serving sector; determining a control channel
interlace; and selectively configuring a control
message for one of the control channel assignment of
the serving sector or the at least one control channel
assignment of the non-serving sector. 


