
WO 2007/025160PCT/US2006/033269 1 VARIED TRANSMISSION TIME INTERVALS
FOR WIRELESS COMMUNICATION SYSTEM CROSS-REFERENCE TO RELATED
APPLICATIONS [0001]This application claims the benefit of U.S.
Provisional Application Serial No. 60/711,145, filed August 24, 2005,
entitled "Varied Transmission Time Intervals For Wireless
Communication System," the entirety of which is incorporated herein
by reference. BACKGROUND I. Field [0002]The following description
relates generally to wireless communication networks and more
particularly to varied transmission time interval size for forward
link and reverse link transmissions in multi-user wireless systems.
II. Background [0003]Wireless networking systems are utilized by many
to communicate 



wherever the user may be located at a particular time (e.g., home,
office, traveling, ...). Wireless communication devices have become
smaller and more powerful to meet user needs while improving
portability and convenience. Users have found many uses for wireless
communication devices including cellular telephones, personal digital
assistants (PDAs) and the like. [0004]A typical wireless
communication network (e.g., employing frequency, time, and code
division techniques) includes one or more base stations that provide
a coverage area and one or more mobile (e.g., wireless) user devices
that can transmit and receive data within the coverage area. A
typical base station can simultaneously transmit multiple data
streams for broadcast, multicast, and/or unicast services, wherein a
data stream is a stream of data that can be of independent reception
interest to a user device. [0005]Various factors can affect the
efficiency and perfounance of wireless communication. For example,
the amount of traffic or data communication occurring in a coverage
area can reduce data transmission times and produce interference. The
data rate can also affect wireless communication and overall
throughput may be limited by the link level transmission rate. In the
case of a limited transmission rate, typical packet  sizes are
relatively small, needing modest decoding horsepower. The
transmission time intervals that should be utilized for the packets
can differ depending on communication parameters or factors. For
example, some packets should utilize short transmission time interval
while others should utilize a longer transmission time interval to
improve the wireless communication. [00061Based on the
aforementioned, teclmiques for providing short transmission time
interval duration to access terminals with good channel conditions,
for example, can help achieve high peak throughputs. At substantially
the same time, providing users having moderate to poor channel
conditions, for example, can be provided with a long transmission
time interval. In addition, flexible partitioning of bandwidth
resources between short transmission time interval and long
transmission time interval can benefit transmissions in multi-user
wireless systems. It is an object of the present invention to address
the foregoing problems, or at least provide the public with a useful
choice. SUMMARY [00071The following presents a simplified summary of
one or more 



embodiments in order to provide a basic understanding of some aspects
of such embodiments. This summary is not an extensive overview of the
one or more embodiments, and is intended to neither identify key or
critical elements of the embodiments nor delineate the scope of such
embodiments. Its sole purpose is to present some concepts of the
described embodiments in a simplified form as a prelude to the more
detailed description that is presented later. [0008]According to a
feature is a method for assigning a transmission time interval. The
method includes measuring a channel condition of packet communicated
by at least one wireless device. A data rate associated with the at
least one wireless device is also ascertained. Next, a determination
can be made whether to schedule a long transmission time interval or
a short transmission time interval to the packet based in part on the
detected channel condition and the ascertained data rate. A long
transmission time interval can be scheduled, for example, if the
channel condition is poor and/or there is a low data rate. A short
transmission time interval can be scheduled if, for example, the
channel condition is good and/or the data rate is high or fast. The
method can be repeated for multiple wireless devices. [0009]According
to another embodiment is a processor for assigning one of multiple
transmission time intervals to a user device. The system includes an
optimizer that analyzes a condition of a wireless data packet and a
data rate of the wireless data  WO 2007/025160PCT/US2006/033269 3
packet. Also included is a scheduler that schedules a transmission
time interval to a packet, the transmission time interval is one of a
long transmission time interval and a short transmission time
interval. [0010]According to another embodiment is a scheduler that
schedules a user device to bandwidth and a transmission time
interval. The scheduler can include a bandwidth module that
determines a bandwidth to apply to each user device. The scheduler
can also include a transmission time interval module that establishes
whether the user device should have a short transmission lime
interval or a long transmission time interval. The transmission time
interval module can also receive and analyze channel condition
information and data rate information. [0011]According to another
embodiment is a system for scheduling wireless user devices to
different transmission time intervals. The system can include means
for ascertaining a channel condition for each user device. Also
included in system can be a means for supporting at least two
different interlacing structures. A means for scheduling each user
device a respective transmission time interval can also be included 



in system. [0012]According to yet another embodiment is a
computer-readable medium having stored thereon computer-executable
instructions for detecting a packet channel condition and
ascertaining a packet data rate. The computer-readable medium can
further have instructions for scheduling a long transmission time
interval or a short transmission time interval to the packet based in
part on the detected channel condition and the ascertained data rate.
In another embodiment, the instructions can include scheduling a long
transmission time interval if the packet channel condition is poor or
the data rate is slow and/or scheduling a short transmission time
interval if the packet channel condition is good or the data rate is
fast. [0013]To the accomplishment of the foregoing and related ends,
one or more  embodiments comprise the features hereinafter fully
described and particularly pointed out in the claims. The following
description and the annexed drawings set forth in detail certain
illustrative aspects of the one or more embodiments. These aspects
are indicative, however, of but a few of the various ways in which
the principles of various embodiments may be employed and the
described embodiments are intended to include all such aspects and
their equivalents.  WO 2007/025160PCT/US2006/033269 4 BRIEF
DESCRIPTION OF THE DRAWINGS [0014]FIG. 1 illustrates a wireless
communication system in accordance with various embodiments presented
herein. [0015]FIG. 2 illustrates a multiple access wireless
communication system 



according to one or more embodiments. [0016]FIG. 3 illustrates a
system for varied transmission time interval size for forward link
and reverse link transmissions in multi-user wireless systems.
[0017]FIG. 4 illustrates a system for varied a transmission time
interval size utilizing a channel condition and other communication
parameters. [0018]FIG. 5 illustrates flow chart of a methodology for
assigning different users to different transmission time intervals.
[0019]FIG. 6 illustrates a short transmission time interval having
six interlaces. [0020]FIG. 7 illustrates a long transmission time
interval having three interlaces. [0021]FIG. 8 illustrates flexible
partitions of resources with mixed interlaces. [0022]FIG. 9
illustrates an H-ARQ transmission timing. [0023]FIG. 10 illustrates
an H-ARQ interlace structure for extended 



transmission duration assignments [0024]FIG. 11 illustrates a flow
chart of a methodology for transmitting a forward-link data packet.
[0025]FIG. 12 is a flow chart of a methodology for transmitting a
reverse-link data packet. [0026]FIG. 13 illustrates a wireless
communication environment that can be employed in conjunction with
the various systems and methods described herein. DETAILED
DESCRIPTION [0027]Various embodiments are now described with
reference to the drawings. In the following description, for purposes
of explanation, numerous specific details are set forth in order to
provide a thorough understanding of one or more aspects. It may be
evident, however, that such embodiment(s) may be practiced without
these specific details. In other instances, well-known structures and
devices are shown in block diagram form in order to facilitate
describing these embodiments. [0028]As used in this application, the
terms "component," "system," and the like are intended to refer to a
computer-related entity, either hardware, firmware, a  



, WO 2007/025160rPCT/US2006/033269 5 combination of hardware and
software, software, or software in execution. For example, a
component maybe, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of
execution, a program, and/or a computer. By way of illustration, both
an application running on a computing device and the computing device
can be a component. One or more components can reside within a
process and/or thread of execution and a component may be localized
on one computer and/or distributed between two or more computers. In
addition, these components can execute from various computer readable
media having various data structures stored thereon. The components
may communicate by way of local and/or remote processes such as in
accordance with a signal having one or more data packets (e.g., data
from one component interacting with another component in a local
system, distributed system, and/or across a network such as the
Internet with other systems by way of the signal). [0029]Referring
now to the drawings, FIG. 1 illustrates a wireless communication
system 100 in accordance with various embodiments presented herein.
System 100 can comprise one or more access point(s) 102 that receive,
transmit, repeat, etc., wireless communication signals to each other
and/or to one or more mobile devices 104. Access point(s) 102 can
represent an interface between wireless system 100 and a wired
network (not shown). [0030]Each access point 102 can comprise a
transmitter chain and a receiver chain, each of which can in turn
comprise a plurality of components associated with signal
transmission and reception (e.g., processors, modulators,
multiplexers, demodulators, demultiplexers, antennas, ...). Mobile
devices 104 can be, for example, cellular phones, smart phones,
laptops, handheld communication devices, handheld computing devices,
satellite radios, global positioning systems, PDAs, and/or other
suitable devices for communicating over wireless system 100. In
wireless system 100, the periodic transmission of small data packets
(commonly referred to as beacons) from access point 102 can make
known the presence of wireless system 100 and transmit system 100
information. Mobile devices 104 can sense the beacons and attempt to
establish a wireless connection to access points 102 and/or to other
mobile devices 104. [0031]System 100 facilitates scheduling varied
transmission time intervals (TTIs) to one or more users using mobile
device(s) 104 to accommodate the communication channels and network
conditions. System 100 can automatically detect, receive, and/or
infer a channel condition, bandwidth, data rate, and/or various other
6 



communication parameters to determine whether a long TTI or a short
TTI is best for the data transmission. [0032]A component located in
mobile device 104 can operate in conjunction with one or more access
point 102 to facilitate monitoring the capabilities of the mobile
device 104, such as the device's 104 decoding capabilities.
Alternatively or in addition, the access point 102 can detect this
information and schedule the respective data packets to an optimal
TTI duration taking into account the various communication
parameters, including the amount of traffic in the network.
[0033]FIG. 2 is an illustration of a multiple access wireless
communication  system according to one or more embodiments.
Illustrated is a system 200 that can include a wireless local area
network associated with a wired local area network (LAN). Access
point 102 can be in communication with mobile devices 104. Access
point 102 is connected to an Ethernet hub or switch 202 for a LAN.
Ethernet hub 202 may be connected to one or more electronic devices
204 that can include personal computers, peripheral devices (e.g.,
facsimile machines, copiers, printers, scanners, etc.), servers, and
the like. Ethernet hub 202 can be connected to a router 206 that
transmits data packets to a modem 208. Modem 208 can transmit data
packets to a wide area network (WAN) 210, such as the Internet.
System 200 illustrates a single, simple network configuration. Many
additional configurations of system 200 including alternative
electronic devices are possible. Although system 200 has been
illustrated and describe with reference to a LAN, it is possible that
system 200 can utilize other technologies including Wireless Wide
Area Network (WWAN) and/or Wireless Personal Area Network (WPAN)
either separately or concurrently. [0034]System 200 can facilitate
scheduling different users to different TTI durations. By way of
example and not limitation, if a channel is causing traffic or is
slowly changing, it can benefit from a longer TTI for channel
estimation. Thus, it can hold a certain amount of energy for channel
estimation that provides a particular accuracy. The tradeoff between
a short TTI and a long TTI is that with a short TTI some performance
is lost, however, it allows a better processing time. [0035]FIG. 3
illustrates a system 300 for a varied TTI size or duration for
forward link and reverse link transmissions in multi-user wireless
systems. System 300 includes an access point 302 and an access
terminal 304. It should be understood that system 300 can include
more than one access point 302 and/or more than one access terminal
304, however, only one of each is illustrated for ease of
explanation.  WO 2007/025160PCT/US2006/033269 7 [0036]Access point
302 can include an encoder 306, an optimizer 308, and a 



scheduler 310. These can be functional blocks that represent
functions implemented by a processor, software or combination thereof
(e.g., firmware). Encoder 306 is configured to encode signals and/or
data packets for transmission to access terminal 304. In other
embodiments, the optimizer 308 and/or scheduler 310 are associated
with access terminal 304 and access terminal 304 performs the
functionalities described below. [0037]Optimizer 308 can be
configured to optimize a communication between access point 302 and
access terminal 304 and/or between two or more access terminals.
Optimizer 308 can utilize information regarding a channel condition,
bandwidth, packet size, data rate, and other parameters to optimize
the communication. This information can be communicated to scheduler
310. Optimizer 308 can further support at least two different
interlacing structures or two different kinds of assignments.
[0038]Scheduler 310 can be configured to schedule an access terminal
(or user thereof) to a particular bandwidth and or TTI. A packet size
or the number of bits that can be transmitted together depends on the
TTI since a longer TTI allows more bits to be sent together.
Scheduler 310 can utilize the information received from optimizer 308
and/or from the access terminal 302 to make a determination as to the
TTI size.. For example, access terminal 304 can notify access point
302 and/or scheduler 310 to change the scheduling from a short TTI to
a long TTI or vice versa. Access terminal 304 can make such a request
if it is not getting the entire data packet, has problems with the
communication, if there is a large data packet being received and/or
sent, is receiving the communication at a high rate, etc.
[0039]Generally, a short TTI duration can be beneficial for access
terminal(s) with good channel conditions since short TTI is
instrumental to achieve high pick throughputs. Alternatively, long
TTI is can be utilized for users in moderate to poor channel
conditions. In a system where both types of users are dynamically
supported, flexible partitioning of bandwidth resources between short
and long TTI, or an alternative interlacing structure can be
provided. [0040]Access terminal 304 can include a decoder 312 and an
acknowledgement acknowledger 314. Decoder 312 can decode a received
signal and/or data packets therein for processing. Acknowledger 314
can employ an acknowledgment technique in conjunction with an
ACK/NACK protocol. In other embodiments, access terminal 304  WO
2007/025160rPCT/TJ52006/033269 8 can include memory (not shown) and a
processor (not shown) to allow access terminal to process and/or
store information. 



[0041]Access terminal 304 can report its capabilities, including
decoder size and what it can handle in terms of decoding This
information can be transmitted to access point 302, for example, when
access terminal 304 connects to system 300 and periodically or
continuously while access terminal 304 is associated with system 300.
With this information, access point 302 can ascertain whether access
terminal 304 is a strong or weak access terminal. For example, access
point 302 may schedule access terminal 304 a large bandwidth in a
large channel packet. If a channel causes traffic or is slowly
changing, it can benefit from a larger TTI for channel estimation
because it can hold a certain amount of energy for channel
estimation. A shorter TTI allows a better processing time. Thus, for
different types of communication (e.g., voice, data, image, video,
...), access point 302 may schedule a larger TEl or a shorter TTI
depending on the best optimization for that particular channel and
communication. [0042]FIG. 4 illustrates a system 400 for a varied
transmission time interval size utilizing a channel condition and
other communication parameters. System 400 includes an access point
402 in wireless communication with an access terminal 404. Access
point 402 can include an optimizer 406 and a scheduler 408. Access
terminal 404 can include a decoder 410 that can decode a received
signal and/or data packets therein for processing. Access terminal
404 can also include an acknowledger 412 that can employ an
acknowledgment technique in conjunction with an ACK/NACK protocol. It
should be understood that these can be functional blocks that
represent functions implemented by a processor, software or
combination thereof (e.g., firmware). [0043]It should be understood
that while the following is discussed with reference to access point
402, in other embodiments the functionalities can be performed by
access terminal 404 and communicated to access point 402. Optimizer
406 can include a channel condition module 414 and a data rate module
416. Channel condition module 414 can be configured to analyze the
condition of a channel. The channel condition can include parameters,
such as the amount of network traffic, the amount of data
sent/received within the network, etc. Data rate module 416 can be
configured to determine a data rate of a current communication and/or
an optimal data rate for a particular communication. [0044]Scheduler
408 can include a bandwidth module 418 and a time transmission
interval (TTI) module 420. The bandwidth module 418 is configured to
9 determine a bandwidth for a communication. For example, if there
are a number of users that operate on long TTI and others on short
TTI, it might be desirable to give all the bandwidth to one user.
bandwidth module 418 can wait until the other users terminate because
they follow different time lines. As the users terminate, it frees up
the bandwidth. [0045]The TTI module 420 is configured to schedule a
particular communication to a short TTI or a long TTI. The TTI should
be as long as possible in order to benefit from channel estimation.
This is useful in systems, such as block-hopping systems where the
user receives resources in units of blocks. 



[0046]In some retransmission embodiments, scheduler 408 can add an
extra bit to the forward link assignment message (FLAM) or reverse
link assignment message (RLAM), indicating the interlacing structure
for the particular packet. The LAM would index the same set of
hop-ports but now applies to a larger set of physical frames. The
scheduler 408 additionally would make sure this LAM does not collide
with other LAMs that is may have sent out earlier, especially if
those other LAMs have different interlacing structure(s). [0047]In
view of the exemplary systems shown and described above,
methodologies, which may be implemented in accordance with one or
more aspects are provided. While, for purposes of simplicity of
explanation, the methodologies are shown and described as a series of
acts (or function blocks), it is to be understood and appreciated
that the methodologies are not limited by the order of acts, as some
acts may, in accordance with these methodologies, occur in different
orders and/or concurrently with other acts from that shown and
described herein. Moreover, not all illustrated acts may be required
to implement a methodology in accordance with one or more aspects of
the disclosed embodiments. It is to be appreciated that the various
acts may be implemented by software, hardware, a combination thereof
or any other suitable means (e.g. device, system, process, component)
for carrying out the functionality associated with the acts. It is
also to be appreciated that the acts are merely to illustrate certain
aspects presented herein in a simplified form and that these aspects
may be illustrated by a lesser and/or greater number of acts.
Moreover, not all illustrated acts may be required to implement the
following methodologies. Those skilled in the art will understand and
appreciate that a methodology could alternatively be represented as a
series of interrelated states or events, such as in a state diagram.
WO 2007/025160PCT/US2006/033269 10 channel condition of a packet
communicated by at least one wireless device is detected and
measured. The channel condition can be poor or good depending on
various criteria including traffic in the wireless network. At 504, a
data rate associated with the channel is ascertained. The data rate
can be a factor of the amount of bits or data to be communicated. The
method continues, at 506 where a determination is made whether to
schedule a long transmission time interval or a short transmission
time interval to the packet based in part on the detected channel
condition and the ascertained data rate. A long transmission time
interval can be scheduled if the channel condition is poor and/or if
the data rate is low. A short transmission time interval can be
scheduled if the channel condition is good and/or the data rate is
high. It should be understood that more than one wireless device
packet can be analyzes and assigned a transmission time interval
according to the methodology 500. For example, multiple packets can
be analyzes and can be included in an alternative interlacing
structure, which will be discussed more below. [0049]In some
embodiments, a channel assignment message is issued, at 508. It
should be understood that the channel assignment is optional. This
channel assignment message can provide information regarding the
desired interlacing structure for a particular packet. According to
some embodiments, an extra bit can be added to the FLAM or RLAM to
indicate such a structure. For forward-link transmissions, channel
assignment can be issued and transmitted on the forward-link before
or at substantially the same time as the forward-link packet



11 [0051]The structure for the access point is illustrated at the top
of the figure at 602 having a six interlace forward-link and
reverse-link structure, labeled as 1, 2, 3, 4, 5, and 6. The
structure for the access terminal is illustrated at the bottom of the
figure at 604 having a six interlace forward-link and reverse-link
structure, labeled as A, B, C, D, E, and F. It should be understood
that while both access point 602 and access terminal 604 are
illustrated having two packets of data with a six interlace
forward-link and reverse-link structure, there can be more or less
packets of data and/or there can be more or less interlaces
associated with the structure. [0052]On the forward-link access point
602 transmits an encoded forward-link  packet at 606. This represents
the first short TTI having the duration illustrated at ITT 1. Access
terminal 604 decodes the forward-link packet and encodes and
transmits a reverse-link acknowledgment to acknowledge that the last
forward-link transmission or hybrid automatic repeat request (H-ARQ)
retransmission was successfully received. The acknowledgment can be
an acknowledgment technique in conjunction with an ACK/NACK protocol.
The decoding and transmission of the reverse-link acknowledgment
occur during 608, which represents TTIs B, C, and D. The forward-link
ACK is decoded and encoding of the following forward-link
transmission or HARQ retransmission is performed by access point 602
during TTIs 5 and 6 represented at 610. [0053]On the reverse-link,
access terminal 604 transmits an encoded reverse- link packet during
TTI A, represented at 612. The reverse-link pack is decoded and a
forward-link acknowledgment is sent, at 614, during TTIs labeled 2,
3, and 4. The acknowledgment confirms that the latest reverse-link
transmission or H-ARQ retransmission was successfully received. At
616, the forward-link ACK is decoded and the following
RL-transmission or H-ARQ retransmission is encoded.  [0054]It should
be appreciated that this can process can repeat itself, as
illustrated. Each transmission cycle can be accompanied by an
opportunity to transmit a channel assignment message. For
forward-link transmission, the channel assignment can be issued by
access point 602 and transmitted on the forward-link prior to, or at
substantially the same time as the forward-link packet transmission.
For reverse-link transmissions, channel assignment can be issued and
transmitted on the forward-link prior to the reverse-link packet
transmission in a system that includes a centralized (access point)
reverse-link scheduler. This is typically the case in some orthogonal
reverse-link access systems. It should be understood that access
terminal initiated  12 



reverse-link assignment may be used in a contention based
reverse-link access system, such as DS-CDMA. 100551With reference now
to FIG. 7, illustrated is a long transmission time interval having
three interlaces and in particular illustrated is a three interlace
forward-link and reverse-link structure with the same transmission
and retransmission delay on each interface. The three interlaces for
access point 702 are labeled 1, 2, and 3, while the three interlaces
for access terminal 704 are labeled A, B, and C. In this figure, the
TTI duration, or the duration of the first transmission of a
forward-link/reverse-link packet and the subsequent H-ARQ
retransmission thereof, is twice as large as the TTI duration in FIG.
6 discussed above. 10056]On the forward-link access point 702
transmits an encoded forward-link packet at 706 during the first TTI.
Access terminal 704 decodes the forward-link packet and further
encodes and transmits a reverse-link acknowledgement during 708. The
acicnowledger is utilized to communicate successful receipt of the
last forward-link transmission or H-ARQ retransmission. The
acknowledgment can be an acknowledgment technique in conjunction with
an ACK/NACK protocol. A system utilizing the longer TTI, as
illustrated, transmits the ACK over two physical (PHY) frames, which
can save on the instantaneous power requirement for the ACK. At 710,
the reverse-link ACK is decoded and encoding of the following
forward-link transmission or H-ARQ retransmission is performed. In
some embodiments, during the forward-link transmission, channel
assignment can be issued by the access point 702 and transmitted on
the forward-link either before or at substantially the same time as
the forward-link packet transmission. 100571On the reverse-link, an
encoded reverse-link packet is transmitted by access terminal during
712 or TTI "A". At 714, the reverse-link packet is decoded and a
forward-link acknowledgment is sent confirming successful receipt of
the latest reverse-link transmission or H-ARQ retransmission. During
716, the forward-link ACK is decoded and the following
RL-transmission or H-ARQ retransmission is encoded. In some
embodiments, during the reverse-link transmission, channel assignment
can be issued and by access point 702. The assignment can be
transmitted on the forward-link before the reverse-link packet
transmission in systems, for example, with a centralized reverse-link
scheduler. Typically this is the situation in most orthogonal
reverse-link access systems. Reverse-link assignment can be used in a
contention based reverse-link access systems, such as DS-CDMA.  13
[0058]FIGs. 7 and 8 illustrate the situation when a user receives
forward-link and reverse-link transmission on a single interface. In
general, access terminal can be scheduled multiple packets on
multiple interlaces. The multiple packets can correspond to different
H-ARQ processes. In addition, the forward-link and reverse-link
interfaces assigned to the same access terminal do not have to be
aligned in time. [0059]FIG. 8 illustrates flexible partitions of
resources with mixed interlaces or 



an alternative interlacing structure. The time interval for access
point 802 is shown at the top and the time interval for access
terminal 804 is shown at the bottom of the figure. Users of short
TTIs are represented as A and B, while users of long TTI's are
represented as C, D, E, and F. The long TTI is approximately twice as
long as the short TTI and an ACK is transmitted over two PHY frames.
The alternative interlacing structure can support link budget
constrained users. To avoid conflicts in this alternative interlacing
structure and the two different kinds of assignments, the entire
bandwidth can be divided into two parts. Each part can be dedicated
for each type of assignment. It should be understood that the
described way of avoiding conflicts is for example purposes only and
other means to avoid conflicts between the types of assignments can
be utilized. [0060]In some embodiments, a retransmission structure
(which can be a two  interlace structure) can be supported by adding
an extra bit to the FLAM or RLAM that indicates the desired
interlacing structure for a particular packet. The LAM can index the
same set of hop-ports and can also apply to a larger set of physical
frames. A scheduler can ensure that the LAM does not collide with
LAMs sent out earlier, especially LAMs with a different interlacing
structure. This can be accomplished, for example by reserving a set
of channel tree nodes for use with the alternative interlacing
structure. [0061]A CDM control channel can puncture some of the tones
assigned to a channel with the alternative interlacing structure. In
a regular six interlace structure, for example, the CDM control
channel punctures an entire channel, which is not assigned. For
example, for Frequency Division Duplexed (FDD), a FLAM in frame 0
implies data transmissions in frames 0 through 5. The acknowledgment
(ACK) could then be transmitted on the RL in frames 8 and 9 and thus
data is retransmitted in frames 12-17. [0062]In order to fully
appreciate the subject disclosure, short TTI will now be compared to
the long TTI option. This comparison makes that assumption that there
is a fixed retransmission time in both cases. With a short TTI
duration, it is possible to  WO 2007/025160PCT/US2006/033269 14
achieve relatively short air interface latency. The reduction in
latency is particularly significant when a scheduler (e.g.,
scheduler) targets to complete packet transmission in one TTI so that
no H-ARQ retransmission is necessary most of the time. [0063]With a
short TTI duration, duty cycle of traffic transmission is small 



relative to a long TTI duration. This means that the required data
processing (decoding, scheduling and encoding) rate per interlace is
lower compared to the long TTI duration. For the same spectral
efficiency and assignment size, a short TTI duration yields a smaller
packet size (the number of information bits) compared to the long TTI
duration, assuming the same spectral efficiency and the minimum
number of H-ARQ transmissions need to decode a packet for both
options. [0064]A short TTI duration can lead to a larger number of
interlaces compared to a long TTI duration. Each interlace can be
accompanied with the corresponding forward-link/reverse-link control
such as opportunity for forward-link/reverse-link channel assignments
and forward-link/reverse-link ACK. Hence, the number of
forward-link/reverse-link control segments will be larger for a short
TTI option. Additionally, timing of these control channels is fled to
the timing of the respective interlace therefore reducing the benefit
of statistical multiplexing and/or joint encoding of these control
channels. In some cases, there is a limit to the achievable minimum
control overhead as well as the granularity of resource partitioning
between control and traffic. These factors imply a higher control
overhead for the option with a short TI duration. [0065]Block hopping
mode is commonly used for the RL traffic in orthogonal systems (such
as OFDMA & LFDMA) and may be beneficial on the FL as well (e.g.,
OFDMA TDD). A single TTI may include one or more consecutive (TDM)
blocks. In a block-hopping mode, channel and interference estimation
can be done locally in every block, based on dedicated pilots (e.g.,
placed within this block). For slowly varying (pedestrian) access
terminals, channel estimation performance depends on the number of
pilot clusters across the frequency band spanned by the block as well
as the total pilot energy. Hence, a longer TTI duration helps to
reduce pilot overhead without performance loss. Consequently, a long
TTI duration leads to a better link efficiency for slowly varying
channels. It is worth mentioning that there is no fundamental link
performance penalty for fast varying channels when a long TTI
duration is chosen. [0066]High data rate access terminals with good
channel conditions tend to receive large channel assignments (in
terms of the number of tones per interlace), to  WO
2007/025160PCT/uS2006/033269 15 take advantage of high spectral
efficiency, and can achieve high data rate. For access terminals with
very high rates at the link level, the overall throughput may be
limited by the air interface turnaround time. Therefore, low air
interface latency is important, calling for a short TTI duration,
large assignment size and high spectral efficiency to reduce pick
load of TX/RX data processing such as decoding. Large assignment per
access terminal indicates a relatively low control overhead (since
the assignment and ACK overhead do not scale along with the
assignment size) Finally, channel estimation accuracy improves at
high signal-to-noise ratios (SNRs), hence link performance penalty of
a short TTI duration is not that critical. Overall, a short TTI
option can be suitable for high data rate access terminals in good
channel conditions. [0067]For access terminals with low data rates
and moderate to poor channel condition, the overall throughput is can
be limited by the link level transmission rate, hence stringent
latency requirements do not apply. Due to the limited transmission
rate, typical packet sizes are relatively small resulting in modest
requirements on the decoding horsepower. Consequently, a somewhat



[0068]Fig. 9 illustrates an H-ARQ transmission timing. Both forward
and reverse link data transmissions support H-ARQ. To provide H-ARQ
related processing time at the access point (AP) and access terminal
(AT), a six interlace structure can be utilized for both forward-link
and reverse-link. It is to be understood that more or less frames can
be utilized and the six interlace structure is for example purposes.
Timing of transmissions associated with one of the six interlaces is
shown for forward-link, at 902, and for reverse-link, at 904. The
timing of the other interlaces is the same but with all  WO
2007/025160PCMIS2006/033269 16 transmissions shifted by the same
number of PHY frames. This interlace structure ignores the presence
of the superframe preamble, e.g. PRY frame level transmission timing
occurs as if the superframe preamble were not present on forward-link
and as if the first PRY frame were not lengthened on reverse-link.
[0069]For the forward link, assignments that arrive in forward-link
PRY frame k apply to the interlace containing forward-link KW frame
k, and a forward-link transmission on forward-link PHY frame k is
acknowledged on reverse-link PRY frame k+3. HARQ retransmissions
associated with the transmission that starts in PRY frame k occur in
PITY frames k+6n where n is the retransmission index, n=0,1, . This
frame structure provides an H-ARQ retransmission latency of -5.5 ms
with 1.8 ms (2 PRY frames) of processing time at both the AT and the
AP. [0070]For the reverse link, assignments that arrive in
forward-link PITY frame lc apply to the interlace containing
reverse-link PITY frame k+2, and a reverse-link transmission on
reverse-link PRY frame k is acknowledged on forward-link PITY frame
k+2. HARQ retransmissions associated with a transmission that starts
in PRY frame k occur in PRY frames k+6n where n is the retransmission
index, n=0,1, . [0071]This frame structure provides an H-ARQ
retransmission latency of 5.5 ms with 0.9 ms (1 PRY frame) of
processing time at the AT, and 2.7 ms (3 PITY frames) of processing
time at the AP. The reduced processing time at the AT is appropriate
for reverse-link since the AT only needs to perform assignment
demodulation and data packet encoding/modulation - tasks that are
much simpler than data packet demodulation. [0072]With reference now
to Fig. 10, illustrated is an H-ARQ interlace 



structure for extended transmission duration assignments It should be
understood that the examples disclosed herein are merely examples and
there may be more or less frames than those shown and described in
the figures. In addition to the H-ARQ interlace structure described
above, an extended transmission duration assignment is provided. Such
assignments can extend transmission over multiple PRY frames and can
alter the timing of transmissions and corresponding ACK transmissions
relative to the assignments illustrated in the above figures. The
extended transmission duration assignments can be useful for
link-budget limited users who can benefit from encoding transmissions
over a longer transmission duration Extended transmission duration
assignments can create a potential for resource assignment collisions
with standard  17 assignments, and the access node (AN) should manage
resource assignments to prevent such collisions. [0073]For the
forward link, illustrated at the top of figure, at 1002, extended
transmission duration assignments that arrive in forward-link PHY
frame /c apply to the interlace containing forward-link PHY frames /c
through k+5. A forward-link transmission on forward-link PHY frames k
through k+ 5 is acknowledged on reverse-link PHY frame k+8 through
k+9. HARQ retransmissions associated with the transmission that
starts in PHY frame k start in PHY frames lc+ 12n where n is the
retransmission index, n=0,1,. Frame structure 1002 provides an H-ARQ
retransmission latency of 11 ms with 1.8 ms (2 PHY frames) of
processing time at both the access terminal (AT) and the access node.
[0074)With reference now to the reverse link, illustrated at the
bottom of the  figure at 1004, extended transmission duration
assignments that arrive in forward-link PHY Frame /c apply to the
interlace containing reverse-link PHY frames k+3 through k+9. A
reverse-link transmission on reverse-link PHY frames k+3 through k+9
is acknowledged on reverse-link PHY frame k+12. HARQ retransmissions
associated with the transmission that starts in PHY frame k start in
PHY frames k+ 12n where n is the retransmission index, n=0,I,. This
frame structure 1004 provides an 1-1-ARQ retransmission latency of 11
ms with 1.8 ms (2 PHY frames) of processing time at the access
terminal and 2.7 ms (3 PHY frames) of processing time at the access
node. [0075]FIG. 11 is a flow chart of a methodology 1100 for
transmitting a forward link data packet. The method begins, at 1102,
where a forward-link packet is encoded by an access point. The
encoded packet is then transmitted to an access terminal. The access
terminal receives the forward-link packet and decodes the packet, at
1104. If the packet is successfully decoded, the access terminal
encodes a reverse-link acknowledgement (ACK) to acknowledge
successful receipt of the forward-link transmission (or hybrid
automatic repeat request (H-ARQ) retransmission). The ACK is
transmitted to the access point, at 1106. The reverse-link ACK is
received by the access point, at 1108, and the access point decodes
the reverse-link ACK. The access point, at 1110, then encodes the
following forward-link transmission (or H-ARQ retransmission).
[0076]In other embodiments, each transmission cycle can be
accompanied by 



an opportunity to transmit a channel assignment message. For
forward-link transmission(s), channel assignment is issued, at 1112,
and transmitted on the forward-link prior to (or at substantially the
same time as) the forward-link packet transmission.  WO
2007/025160PCT/TJS2006/033269 18 It should be noted that block 1112
is shown with dotted lines to indicate that this is optional.
[0077]FIG. 12 is a flow chart of a methodology 1200 for transmitting
a reverse- link data packet. The method begins, at 1202, where a
reverse-link packet is encoded. This encoding can be performed by an
access point. The encoded packet is further transmitted to a
destination, which can be an access terminal. The encoded
reverse-link packet is received and decoded, at 1204. If the packet
(either the latest reverse-link transmission or H-ARQ retransmission)
was successfully received and decoded, a forward-link acknowledgment
(ACK) is encoded and transmitted, at 1206. The encoding and
transmitting of the forward-link acknowledgment can be performed, for
example, by an access terminal. At 1208, the forward-link
acknowledgment is received, for example, at the access point. The
next reverse-link transmission (or H-ARQ retransmission) is encoded,
at 1210. [0078]In other embodiments, the transmission cycle should be
accompanied by an opportunity to transmit channel assignment message.
In these embodiments, prior to transmission of an encoded
reverse-link packet, at 1202, a channel assignment can be issued, at
1212. This channel assignment can be transmitted on the forward-link.
Channel assignment and transmission is usef-ul in a system with a
centralized (access point) reverse-link schedule. Which is typically
the case in an orthogonal reverse-link access system. It should be
noted that the access terminal initiated reverse-link assignment may
be used in a contention based reverse-link access system, such as
direct sequence code division multiple access (DS-CDMA). [0079]It
should be understood that FIGs. 11 and 12 are shown and described
above with reference to the situation where a user receives a
forward-link and reverse-link transmission on a single interlace. In
general, every access terminal can be scheduled multiple packets
(corresponding to different H-ARQ processes) on multiple interlaces.
In addition, forward-link and reverse-link interlaces assigned to the
same access terminal do not have to be aligned in time. [0080]FIG. 13
illustrates an exemplary wireless communication system 1300. Wireless
communication system 1300 depicts one base station and one terminal
for sake of brevity. However, it is to be appreciated that system
1300 can include more than one base station or access point and/or
more than one terminal or user device, wherein additional base
stations and/or terminals can be substantially similar or different
for the exemplary base station and terminal described below. In
addition, it is to be appreciated 



WO 2007/025160PCT/US2006/033269 19 that the base station and/or the
terminal can employ the systems and/or methods described herein to
facilitate wireless communication there between. [0081]Referring now
to Fig. 13, on a downlink, at access point 1305, a transmit (TX) data
processor 1310 receives, formats, codes, interleaves, and modulates
(or symbol maps) traffic data and provides modulation symbols ("data
symbols"). A symbol modulator 1315 receives and processes the data
symbols and pilot symbols and provides a stream of symbols. A symbol
modulator 1315 multiplexes data and pilot symbols and obtains a set
of Ntransmit symbols. Each transmit symbol may be a data symbol, a
pilot symbol, or a signal value of zero. The pilot symbols may be
sent continuously in each symbol period. The pilot symbols can be
frequency division multiplexed (FDM), orthogonal frequency division
multiplexed (OFDM), time division multiplexed (TDM), frequency
division multiplexed (FDM), or code division multiplexed (CDM).
[0082]A transmitter unit (TMTR) 1320 receives and converts the stream
of symbols into one or more analog signals and further conditions
(e.g., amplifies, filters, and frequency upconverts) the analog
signals to generate a downlink signal suitable for transmission over
the wireless channel. The downlink signal is then transmitted through
an antenna 1325 to the terminals. At terminal 1330, an antenna 1335
receives the downlink signal and provides a received signal to a
receiver unit (RCVR) 1340. Receiver unit 1340 conditions (e.g.,
filters, amplifies, and frequency downconverts) the received signal
and digitizes the conditioned signal to obtain samples. A symbol
demodulator 1345 obtains N received symbols and provides received
pilot symbols to a processor 1350 for channel estimation. Symbol
demodulator 1345 further receives a frequency response estimate for
the downlink from processor 1350, performs data demodulation on the
received data symbols to obtain data symbol estimates (which are
estimates of the transmitted data symbols), and provides the data
symbol estimates to an RX data processor 1355, which demodulates
(e.g., symbol demaps), deinterleaves, and decodes the data symbol
estimates to recover the transmitted traffic data. The processing by
symbol demodulator 1345 and RX data processor 1355 is complementary
to the processing by symbol modulator 1315 and TX data processor
1310, respectively, at access point 1305. [0083]On the uplink, a TX
data processor 1360 processes traffic data and provides data symbols.
A symbol modulator 1365 receives and multiplexes the data symbols
with pilot symbols, performs modulation, and provides a stream of
symbols. A  WO 2007/025160PC,.T/US2006/033269 20 



transmitter unit 1370 then receives and processes the stream of
symbols to generate an uplink signal, which is transmitted by the
antenna 1335 to the access point 1305. [0084]At access point 1305,
the uplink signal from terminal 1330 is received by the antenna 1325
and processed by a receiver unit 1375 to obtain samples. A symbol
demodulator 1380 then processes the samples and provides received
pilot symbols and data symbol estimates for the uplink. An RX data
processor 1385 processes the data symbol estimates to recover the
traffic data transmitted by terminal 1330. A processor 1390 perfORMS
channel estimation for each active terminal transmitting on the
uplink. [0085]Processors 1390 and 1350 direct (e.g., control,
coordinate, manage, etc.) operation at access point 1305 and terminal
1330, respectively. Respective processors 1390 and 1350 can be
associated with memory units (not shown) that store program codes and
data. Processors 1390 and 1350 can also perform computations to
derive frequency and impulse response estimates for the uplink and
downlink, respectively. [0086]For a multiple-access system (e.g.,
FDMA, OFDMA, CDMA, TDMA, etc.), multiple terminals can transmit
concurrently on the uplink. For such a system, the pilot subbands may
be shared among different terminals. The channel estimation
techniques may be used in cases where the pilot subbands for each
terminal span the entire operating band (possibly except for the band
edges). Such a pilot subband structure would be desirable to obtain
frequency diversity for each terminal. The techniques described
herein may be implemented by various means. For example, these
techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units used for
channel estimation may be implemented 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, other electronic
units designed to perform the functions described herein, or a
combination thereof With software, implementation can be through
modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in
memory unit and executed by the processors 1390 and 1350. [0087]It is
to be understood that the embodiments described herein may be
implemented by hardware, software, firmware, middleware, microcode,
or any combination thereof. When the systems and/or methods are
implemented in software, firmware, middleware or microcode, program
code or code segments, they may be  WO 2007/025160PCMIS2006/033269 21
stored in a machine-readable medium, such as a storage component. A
code segment may represent a procedure, a function, a subprogram, a
program, a routine, a subroutine, a module, a software package, a
class, or any combination of instructions, data structures, or
program statements. A code segment may be coupled to another code
segment or a hardware circuit by passing and/or receiving
information, data, arguments, parameters, or memory contents.
Information, arguments, parameters, data, etc. may be passed,
forwarded, or transmitted using any suitable means including memory
sharing, message passing, token passing, network transmission, etc. 



[0088]For a software implementation, the techniques described herein
may be implemented with modules (e.g., procedures, functions, and so
on) that perform the functions described herein. The software codes
may be stored in memory units and executed by processors. The memory
unit may be implemented within the processor or external to the
processor, in which case it can be communicatively coupled to the
processor through various means as is known in the art. [00891What
has been described above includes examples of one or more
embodiments. It is, of course, not possible to describe every
conceivable combination of components or methodologies for purposes
of describing the aforementioned embodiments, but one of ordinary
skill in the art may recognize that many further combinations and
permutations of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such alterations,
modifications and variations that fall within the spirit and scope of
the appended claims. Furthermore, to the extent that the term
"includes" is used in either the detailed description or the claims,
such term is intended to be inclusive in a manner similar to the term
"comprising" as "comprising" is interpreted when employed as a
transitional word in a claim.  22 CLAIMS  1. A method for assigning a
transmission time interval, comprising, in combination, the steps of:
measuring a channel condition based on at least one packet
communicated by at least one wireless device; ascertaining a data
rate associated with the at least one wireless device;
determining whether to schedule a long transmission time interval or
a short transmission time interval for an encoded packet based on the
measured channel condition and the ascertained data rate; and
indicating an interlacing structure from at least one of a plurality
of interlacing structures for the encoded packet;       wherein the
interlacing structure for the encoded packet is indicated by adding
an extra bit to a forward link assignment message (FLAM) or a reverse
link assignment message (RLAM). 



2. The method as claimed in claim 1, further comprising the step of:
scheduling a long transmission time interval if the channel condition
is poor and there is a low data rate.  3. The method as claimed in
claim 2, wherein the interlacing structure for the encoded packet
includes an interlace of three for a forward and a reverse link. 4.
The method as claimed in any one of claims 1 to 3, further comprising
the step of: scheduling a short transmission time interval if the
channel condition is good and the data rate is high.  5. The method
as claimed in claim 4, wherein the interlacing structure for the
encoded packet includes an interlace of six for a forward and a
reverse link. 6. The method as claimed in claim 1, further comprising
the steps of: measuring a channel condition of at least a second
wireless device; ascertaining a data rate associated with the at
least a second wireless device; deternilning whether to schedule a
long transmission time interval or a short  23 transmission time
interval to the at least a second wireless device based in part on
the measured channel condition and the ascertained data rate of the
at least a second wireless device; and       transmitting the
transmission time interval of the first wireless device at
substantially the same time as the transmission time interval of the
second wireless device.  7. A processor that executes instructions
for assigning one of multiple transmission time intervals to a user
device, comprising, in combination:       an optimizer that analyzes
a condition of a wireless data packet and a data rate of the wireless
data packet; and       a scheduler that schedules a transmission time
interval for an encoded packet, wherein the transmission time
interval is one of a long transmission time interval or a short
transmission time interval and that indicates an interlacing
structure from at least one of a plurality of interlacing structures
for the encoded packet, and that communicates the interlacing
structure for the encoding packet by adding an extra bit to a forward
link assignment message (FLAM) or a reverse link assignment message
(RLAM). 



8. The processor as claimed in claim 7, wherein the scheduler
schedules a long transmission time interval if the analyzed condition
is poor or if the data rate is low.  9. The processor as claimed in
claim 8, wherein the interlacing structure for the encoded packet
includes an interlace of three for a forward and a reverse link.  10.
The processor as claimed in any one of claims 7 to 9, wherein the
scheduler schedules a short transmission time interval if the
analyzed condition is good or if the data rate is high.  11. The
processor as claimed in claim 10, wherein the interlacing structure
for the encoded packet includes an interlace of six for a forward and
a reverse link.  12. The processor as claimed in any one of claims 7
to 11, wherein the forward link assignment message (FLAM) is
transmitted on the forward-link prior to or at substantially the same
time as a forward-link packet transmission.  13. The processor as
claimed in any one of claims 7 to 11, wherein the forward link  24
assignment message (FLAM) is transmitted on the forward-link prior to
a reverse-link packet transmission.  14. A scheduler that schedules
at least one user device to bandwidth and a transmission time
interval, comprising, in combination: a bandwidth module that
determines a bandwidth to apply to each user device;       a
transmission time interval module that establishes whether each user
device should have a short transmission time interval or a long
transmission time interval; and       wherein the scheduler indicates
an interlacing structure from at least one of a plurality of
interlacing structures for each user device by adding an extra bit to
a forward link assignment message (FLAM) or a reverse link assignment
message (RLAM) to indicate the interlacing structure for each user
device. 



15. The scheduler as claimed in claim 14, wherein the transmission
time interval module further receives channel condition information
and data rate information.  16. The scheduler as claimed in claim 15,
wherein a short transmission time interval is scheduled if the
channel condition is good and the data rate is fast.  17. The
scheduler as claimed in claim 16, wherein the interlacing structure
for each user device includes an interlace of six for a forward and a
reverse link.  18. The scheduler as claimed in claim 15, wherein a
long transmission time interval is scheduled if the channel condition
is moderate and the data rate is slow.  19. The scheduler as claimed
in claim 18, wherein the interlacing structure for each user device
includes an interlace of three for a forward and a reverse link.  20.
An apparatus for scheduling wireless user devices to different
transmission time intervals, comprising: means for ascertaining a
channel condition for each user device; means for indicating an
interlacing structure from at least one of a plurality of interlacing
structures for each user device by adding an extra bit to a forward
link assignment message (FLAM) or a reverse link assignment message
(RLAM) to indicate the interlacing  25 structure for each user
device; and 



means for scheduling each user device a respective transmission time
interval.  21. The apparatus of claim 20, further comprising:
means for communicating the respective transmission time interval
along with a wireless communication.  22. The apparatus of claim 20,
wherein the user device is scheduled either a short transmission time
interval or a long transmission time interval based in part on the
channel condition and the data rate.  23. The apparatus of claim 20,
wherein the interlacing structure for each user device comprises an
interlace of six for a forward and a reverse link.  24. The apparatus
of claim 20, wherein the interlacing structure for each user device
comprises an interlace of three for a forward and a reverse link  25.
The method of claim 1, wherein the forward-link assignment message
(FLAM) is transmitted on the forward-link prior to or at
substantially the same time as a forward-link packet transmission.
26. The method of claim 1, wherein the forward-link assignment
message (FLAM) is transmitted on the forward-link prior to a
reverse-link packet transmission. 


