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Systems and Methods for OFDM Channelization
Related Applications

This application claims the benefit of prior U.S.
Provisional application nos. 60/666,548 filed March 30, 2005,
60/710,527 filed August 23, 2005, 60/728,845 filed October 21,
2005, 60/741,923 filed December 2, 2005 and 60/751,101 filed
December 16, 2005.

Fiesld of the Invention

The present invention relates to channelization
systems and methods for use in OFDM (orthogonal frequency

division multiplexing) systems, such as OFDM wireless networks.
Background of the Invention

Conventional OFDM systems accommodate slow moving
mobile stations in a manner that takes advantage of the fact
that it is possible to track the fading in the frequency domain
as well as the time domain. In order to take advantage of the
slowly changing channel, sub-band scheduling is performed to
assign a contiguous set of sub-carriers to each mobile station.
In this case, each sub-band mobile station typically reports
the carrier to interference ratio (CIR) for each sub-band or
only the best sub-bands, where the number of bands to report is

specified by the base station.

Conventional OFDM systems accommodate fast moving
mooile stations as well. When a mobile station is moving too
fast to perform channel sensitive scheduling, sub-carriers are
assigned that are distributed over the entire bandwidth. 1In
this case, the mobile station reports a full band CIR rather

than a sub-band CIR.
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The conventional approach to handling both slow
moving mobile stations and fast moving mobile stations has been
to have some transmission periods dedicated to slow moving
mobile stations, and to have other transmission periods
dedicated to fast moving mobile stations. An example of this
is shown in Figure 34 where the breakdown between resource
allocation for slow moving mobile stations and fast moving
stations is shown with frequency on the vertical access 10, and
time on the horizontal axis 12. During some time intervals 14,
the entire frequency band is used to support channels with
distributed sub-carriers, while other time intervals 15 are

used to support channels that are implemented using sub-bands.

Summary of the Invention

According to one broad aspect, the invention provides
a method comprising: transmitting OFDM symbols using a
plurality of sub-carriers within an OFDM band; the OFDM symbols
collectively containing diversity channels and sub-band
channels, each diversity channel utilizing a plurality of sub-
carriers distributed across the OFDM band, and each sub-band
channel utilizing a contiguous set of sub-carriers within the
OFDM band; at least some of the OFDM symbols simultaneously
including sub-carriers utilized by a sub-band channel and sub-

carriers utilized by a diversity channel.

In some embodiments, the method further comprises:
sub-dividing the plurality of sub-carriers into resource
blocks, each resource block comprising a fixed number of
contiguous sub-carriers over at least one OFDM symbol duration;
using each resource block in its entirety for one of sub-band

channel use or distributed channel use.

In some embodiments, the method further comprises:
assigning each resource block to either sub-band channel use or

distributed channel use in a manner that is statically defined.
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In some embodiments, the method further comprises:
assigning each resource block to either sub-band channel use or

distributed channel in a manner that changes over time.

In some embodiments, the method further comprises:
transmitting at least one reference OFDM symbol for each fixed

size set of traffic OFDM symbols.

In some embodiments, each diversity channel comprises

a plurality of resource blocks spaced in frequency.

In some embodiments, the plurality of resource blocks
spaced in frequency for a given diversity channel are

simultaneously transmitted.

In some embodiments, the plurality of resource blocks
spaced in frequency for a given diversity channel are

transmitted during different OFDM symbols.

In some embodiments, transmitting OFDM symbols using
a plurality of sub-carriers within an OFDM band is performed
for each of a plurality of antennas, the method further
comprising: for each antenna, transmitting a respective set of
scattered pilots, the sets of scattered pilots being

transmitted so as not to interfere with each other.

In some embodiments, the method further comprises:
for each antenna, transmitting at least one reference OFDM
symbol; and for each fixed size set of traffic OFDM symbols,
ths scattered pilots being transmitted during the reference

symbol.

In some embodiments, the method further comprises
transmitting at least one reference OFDM symbol for each fixed
size set of traffic; and for each antenna transmitting some of
the respective set of scattered pilots during the reference

symbol and some of the scattered pilots during traffic symbols.
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In some embodiments, the scattered pilots are

inserted in a diamond shaped lattice pattern for each antenna.

In some embodiments, the method further comprises:
defining a slot to contain an NxM resource block space by
dividing the plurality of OFDM sub-carriers into N22 sub-bands
in frequency transmitted over M21 sub-slots in time, each sub-
slot containing L21 OFDM symbol; allocating each resource block
in its entirety for one of diversity channel use or sub-band

channel use.

In some embodiments, the method further comprises:
for each slot, allocating resource blocks for sub-band channel
use first, and allocating remaining resource blocks for

diversity channel use.

In some embodiments, the method comprises: for each
slot, defining a set of diversity sub-channels using sub-
carriers of resource blocks left over after sub-band channel
assignment, and assigning each diversity channel to be

transmitted during the slot at least one diversity sub-channel.

In some embodiments, the diversity sub-channels are
systematically defined such that given a set of resource blocks
left over after sub-band channel assignment, an identical set

of diversity sub-channels will always result.

In some embodiments, diversity sub-channels are
assigned to diversity channels using a sub-channelization tree
having multiple levels, with a first level in the tree
comprising a plurality of nodes each representing a single
diversity sub-channel, and each subsequent level in the tree
comprising one or more nodes, each node in a subsequent level
combining at least two nodes of a previous level and
representing all sub-channels represented by the at least two

nodes of the previous level.
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In some embodiments, each diversity channel comprises
a set of one or more diversity sub-channels represented by a

respective single node in the sub-channelization tree.

In some embodiments, the method further comprises:
signaling diversity channel definitions by sending information
associating each diversity channel with the respective single
node in the sub-channelization tree, and sending a user

identifier for each diversity channel.

In some embodiments, each diversity sub-channel
comprises: at least one sub-carrier in corresponding sub-
carrier positions within each resource block available for

diversity channel use.

In some embodiments, diversity sub-channels are
defined using a sub-channelization tree based on sub-carriers
within a single sub-band leftover-space-wise sub-

channelization.

In some embodiments, defining a set of diversity sub-
channels using sub-carriers of resource blocks left over after
sub-band channel assignment comprises performing leftover-

space-wise sub-channelization.

In some embodiments, diversity sub-channels are
defined using a sub-channelization tree based on all sub-
carriers available in the resource blocks left over after sub-
band channel assignment in a given slot, and diversity channels
are assigned to be transmitted on diversity sub-channels on a

slot-wise basis.

In some embodiments, diversity sub-channels are
defined using a sub-channelization tree based on all sub-
carriers available in the resource blocks left over after sub-
band channel assignment in a given sub-slot, and diversity

channels are assigned to sub-channels on a sub-slot-wise basis.
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In some embodiments, each diversity sub-channel
includes a respective set of OFDM sub-carriers over multiple

consecutive OFDM symbols.

In some embodiments, each diversity sub-channel is
transmitted over multiple OFDM symbols, and comprises a
respective set of OFDM sub-carriers that changes in a

systematic manner within the multiple OFDM symbols.

In some embodiments, the method further comprises:
sending signaling information that indicates which resource
blocks are assigned to sub-band channels and which blocks are

available to diversity channels.

In some embodiments, sending signaling information
comprises: sending a two dimensional bitmap that indicates for
the NxM resource block space which resource blocks are assigned
to sub-band channels and which blocks are available to

diversity channels.

In some embodiments, sending signaling information
comprises: sending a one-dimensional bit map containing a
single bit indicating for each sub-band whether or not sub-band
channels are to be included in that sub-band; for each one bit
in the one-dimensional bit map, sending information that
identifies a number of users, and for each user, start sub-slot

index, and number of sub-slots.

In some embodiments, the method further comprises:
assigning a unique region identifier to each resource block,
and sending the region identifier to indicate that the region

is being used for a sub-band channel.

In some embodiments, the method further comprises:
for each sub-band channel and each diversity channel, sending

respective user identifier.
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In some embodiments, defining a set of diversity sub-
channels using sub-carriers of resource blocks left over after
sub-band channel assignment comprises: for each slot, defining
a respective set of diversity sub-channels that use the
available sub-carriers for the slot; combining all of the sub-
channels into a sub-channelization tree that defines allowable

combinations of the sub-channels.

In some embodiments, the method further comprises:
using a time domain tree to identify consecutive OFDM symbols
within a slot; using a frequency domain tree to identify
contiguous sub-bands; defining each sub-band channel using a
combination of the time domain tree and the frequency domain

tree.

In some embodiments, the time domain tree identifies
consecutive symbols within a slot always including a first

symbol within the slot.

In some embodiments, the method further comprises
defining names for each possible sub-band channel by performing
ons of: assigning a region ID to each node in the time domain
treze and assigning a region ID to each node in the frequency
domain tree; assigning a region ID to each node in the time
domain tree and using a bit map to identify nodes in the
frequency domain tree; using a bit map to identify nodes in the
time domain tree, and assigning a region ID to each node in the
frequency domain tree; using a first bit map to identify nodes
in the time domain tree, and using a second bit map to identify
nodes in the frequency domain tree; using a bit map to identify
each possible time domain tree node plus frequency domain tree
node combination; assigning a region ID to each time domain

tree node plus frequency domain tree node combination.

In some embodiments, the method further comprises:

identifying sub-band channels by: sending information that
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identifies which resource blocks are available for sub-band
channels; using a systematic naming convention to name each
permutation of one or more contiguous sub-bands over one or
more consecutive sub-slots; for each sub-band channel,
transmitting a user identifier and a name from the systematic
naming convention that identifies the particular permutation of
one or more contiguous sub-bands over one or more consecutive

sub-slots assigned to that user.

In some embodiments, sending information that
identifies which resource blocks are available for sub-band

channels comprises sending a bit map.

In some embodiments, the method comprises: defining
sub-band sub-channels using all of the plurality of OFDM sub-
carriers; defining diversity sub-channels using all of the
plurality of OFDM sub-carriers; assigning each sub-band channel
one or more sub-band sub-channels; assigning each diversity

sub-channel one or more diversity sub-channels.

In some embodiments, the method further comprises:
where there is a conflict between a sub-band channel and a
diversity channel on a given sub-carrier, sending the sub-band

channel on the sub-carrier.

In some embodiments, the method further comprises:
using a sub-band sub-channelization tree in time and/or
frequency to organize sub-band sub-channels into allowable
combinations for sub-band channels; using a diversity sub-
channelization tree in time and/or frequency to organize
diversity sub-channels into allowable combinations for

diversity channels.

In some embodiments, the method further comprises:
using a bitmap or region identifiers to indicate which of the

allowable combinations of sub-band basic access units are being
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used as sub-band channels, and which of the allowable
combinations of diversity sub-channels are being used as

diversity channels.

In some embodiments, the method further comprises:
for each sub-band channel or diversity sub-channel, sending a

respective user identifier.

In some embodiments, the method further comprises
performing partial tree activation by: using a respective sub-
channelization tree to organize sub-channels into allowable
channels for at least one of diversity channel definition and
sub-band channel definition; for at least one sub-
channelization tree activating a portion of the sub-
channelization tree and sending information identifying the
portion; assigning channels from the portion of the sub-

channelization tree.

In some embodiments, activating a portion of the sub-
channelization tree comprises activating a certain set of

consecutive levels within the tree.

In some embodiments, activating a portion of the sub-
channelization tree comprises activating a respective set of
consecutive levels within the tree for each of a respective set

of at least one defined top node.

In some embodiments, the set of consecutive levels
ars defined by a respective top level and a respective bottom

level for each top node.

In some embodiments, the set of consecutive levels
are defined by the top node and a respective bottom level for

the top node.

In some embodiments, activating a portion of the sub-

channelization tree comprises: employing a first bitmap to
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identify a subset of nodes of the sub-channelization tree that

are active.

In some embodiments, the method further comprises:
using a second bitmap to identify which nodes of the subset of
nodes are being assigned, and for each node being assigned,

assigning a user identifier.

In some embodiments, the method further comprises:

updating the partial tree activation from time to time.

In some embodiments, updating the partial tree
activation from time to time comprises: sending update

information only for segments of the tree that have changed.

In some embodiments, the method comprises, for each
segment to be changed: sending an indication of the segment
that is to be changed; sending updated activation information

for the segment.

In some embodiments, the method further comprises:

dynamically powering off a partial resource of bandwidth.

In some embodiments, the method further comprises:

dynamically powering off a partial resource of bandwidth.

In some embodiments, the method further comprises
sending information identifying which resources have been

powered off.

In some embodiments, sending information identifying
which resources have been powered off comprises one of: sending
a two dimensional bit map indicating which resource blocks are
powered off; sending a one dimensional bit map indicating which
suo-bands are powered off; sending a one dimensional bit map
indicating which sub-bands are powered off at some point in the
slot, and sending additional information indicating when they

arz powered off within the slot.
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In some embodiments, the method further comprises:
scheduling each receiver to either a sub-band channel or a
diversity channel as a function of information received from

receivers.

In some embodiments, the method further comprises:
defining a priority for each receiver; attempting to schedule

each receiver in order of priority.

In some embodiments, attempting to schedule each
receiver in order of priority comprises: if the receiver is a
sub-band channel receiver, attempting to assign a sub-band
channel to the receiver; if the receiver is a diversity channel
receiver, attempting to assign a diversity channel to the

receiver.

In some embodiments, attempting to assign a sub-band
channel to the receiver comprises: receiving a selection of one
or selected sub-bands the receiver has chosen; if the selected
sub-band are available, determining if scheduling the receiver
using the selected sub-bands will impact already scheduled
diversity users and if not scheduling the receiver using the
available selected sub-bands; if the selected sub-band are
available and scheduling the receiver using the selected sub-
bands will impact already scheduled diversity users, attempting
to re-schedule at least one impacted diversity user and if
successful in re-scheduling the receiver using the available

selected sub-bands.

In some embodiments, the method further comprises:
allocating some resources persistently over multiple slots and

allocating other resources non-persistently.

In some embodiments, the method further comprises:
allocating some resources persistently at the beginning of each

slot, and signaling information indicating how much resource
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has been allocated persistently, with non-persistent

allocations following the persistent allocations.

In some embodiments, the method further comprises
using asynchronous HARQ for retransmission, and assigning all
retransmitted packets a higher priority than non-retransmitted

packets.

In some embodiments, a method further comprises: for
a given scheduling period, allocating sub-band channels up to

an allocation threshold.

In some embodiments, for a given scheduling period,
allocating sub-band channels up to an allocation threshold
comprises: allocating sub-band channels first up to the
allocation threshold; defining diversity channels using sub-

carriers left over after sub-band channel assignment.

In some embodiments, for a given scheduling period,
allocating sub-band channels up to an allocation threshold
comprises: allocating sub-band channels up to the allocation
threshold; defining diversity sub-channels using all OFDM sub-
carriers, and allocating diversity sub-channels to diversity
channels; transmitting each diversity channel punctured in sub-
carrier locations that are common between the diversity channel

and an assigned sub-band channel.

In some embodiments, the method further comprises:
persistently allocating a sub-band or diversity channel

transmission resource for VoIP traffic.

In some embodiments, the method further comprises:
using one of two MCS (modulation and coding scheme) levels VoIP
traffic by assigning one of the two MCS levels at a beginning
of a call and only changing the MCS level if a significant

change in a receiver’s average reported CQI is detected.
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In some embodiments, the method further comprises: if
a mobile station reports a CQI that maps to a higher MCS than
an operating MCS, decreasing a transmit power by an amount
specified for the difference between the two MCS levels; and if
the mobile station reports a CQI that maps to a lower MCS than

the operating MCS then performing no power adjustment.

According to another broad aspect, the invention
provides a method comprising: receiving OFDM symbols using a
plurality of sub-carriers within an OFDM band; the OFDM symbols
collectively containing diversity channels and sub-band
channels, each diversity channel utilizing a plurality of sub-
carriers distributed across the OFDM band, and each sub-band
channel utilizing a contiguous set of sub-carriers within the
OFDM band; at least some of the OFDM symbols simultaneously
including sub-carriers utilized by a sub-band channel and sub-
carriers utilized by a diversity channel; receiving signalling
information indicating which diversity channel or sub-band

channel to extract.

In some embodiments, the method further comprises:
receiving signalling information allowing a determination of

how diversity channels and sub-band channels are defined.

In some embodiments, the signaling information
comprises an identification of which sub-carriers are occupied
by sub-band channels, the diversity channels being

systematically defined using left over sub-carriers.

In some embodiments, a receiver is adapted to

implement the method as summarized above.

In some embodiments, a transmitter is adapted to

implement the method as summarized above.

According to another broad aspect, the invention

provides a transmitter comprising: an OFDM modulator that
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produces OFDM symbols for transmission from a plurality of
inputs; a channelizer that maps symbols to inputs of the OFDM
modulator such that the OFDM symbols collectively contain
diversity channels and sub-band channels, each diversity
channel utilizing a plurality of sub-carriers distributed
across an OFDM band, and each sub-band channel utilizing a
contiguous set of sub-carriers within the OFDM band, such that
at least some of the OFDM symbols simultaneously including sub-
carriers utilized by a sub-band channel and sub-carriers

utilized by a diversity channel.

According to another broad aspect, the invention
provides a system comprising: at least one transmitter and at
least one receiver; the at least one transmitter and the at
least one receiver communicating using OFDM symbols that
collectively contain diversity channels and sub-band channels,
each diversity channel utilizing a plurality of sub-carriers
distributed across an OFDM band, and each sub-band channel
utilizing a contiguous set of sub-carriers within the OFDM
band, such that at least some of the OFDM symbols
simultaneously including sub-carriers utilized by a sub-band

channel and sub-carriers utilized by a diversity channel.
Brief Description of the Drawings

Preferred embodiments of the invention will now be

described with reference to the attached drawings in which:

Figures 1A and 1B are diagrams of OFDM symbol
structures that allow for the co-existence of both sub-band

channels and diversity channels;

Figure 2 is a diagram of an OFDM frame structure in
which OFDM sub-carriers are divided into sub-bands, with each
sub-band being assigned to one of sub-band channel use of

diversity channel use;
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Figure 3 is a diagram of a frame structure in which
the sub-carriers allocated for diversity channel use of Figure
2 are further broken down into three different diversity

channels;

Figure 4 is another diagram of an OFDM frame
structure showing the assignment of both diversity channels and
sub-band channels with pilots inserted in the first OFDM symbol

in each group of seven OFDM symbols;

Figure 5 is a diagram of a frame structure again
showing the co-existence of sub-band channels and diversity
channels, in this case also including a scattered pilot and a

control channel;

Figure 6 is a table showing example parameters for

sub-band definition;

Figures 7 and 8 shown are diagrams of example frame
structures in which the OFDM sub-carriers are divided into sub-
bands, and the OFDM symbols of a given slot are divided into

sub-slots;

Figures 9A and 9B are diagrams of two different
approaches to sub-channelization using sub-channelization

trses;

Figure 10 is a diagram showing how sub-carrier

definitions assigned to a given sub-channel can hop over time;

Figure 11 is a diagram of an example of sub-

channelization tree node naming;

Figure 12 is a diagram of an example of diversity
suo-channel definition that takes place using sub-carriers

leftover sub-band channel assignment;



10

15

20

25

WO 2006/102744 PCT/CA2006/000463
- 16 -

Figure 13 is a diagram of another example of
diversity sub-channel definition that uses sub-carriers

leftover after sub-band assignment;

Figure 14 is a diagram of another example of
diversity sub-channel definition using sub-carriers leftover

after sub-band channel assignment;

Figure 15 is diagram of another example of diversity
sub-channel definition using sub-carriers leftover after sub-

band channel assignment;

Figure 16 is diagram of another example of diversity
sub-channel definition using sub-carriers leftover after sub-

band channel assignment;

Figure 17 is another example of diversity sub-channel

definition;

Figure 18 is an example of a diversity sub-

channelization tree using the definition of Figure 17;

Figure 19 is a diagram of an example of the

assignment of resource blocks to sub-band channels;

Figure 21 is a diagram of an example of resource
block assignment for sub-band channels with two examples of

naming approaches that can be used;

Figure 22 is a diagram showing another naming

approach for naming sub-band channels;

Figures 23A and 23B are further examples of sub-band

channel definition and naming;

Figures 24 through 26 are diagrams of three different
examples of diversity sub-channelization in which all of the

sub-carriers are employed for diversity sub-channelization
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notwithstanding whether or not sub-band channels have been

assigned;

Figures 27 to 32 are diagrams showing how a reduced
portion of an overall tree can be employed to reduce the amount
of signaling required, and how updates to such a tree can be

achieved;

Figure 33 is a diagram of an example of temporarily

switching off sub-bands within the overall OFDM resource;

Figure 34 is a diagram of a set of OFDM transmissions
that do not allow for the co-existence of sub-band channels and

diversity channels on single OFDM symbols;

Figure 35 is a block diagram of a cellular

communication system;

Figure 36 is a block diagram of an example base
station that might be used to implement some embodiments of the

present invention;

Figure 37 is a block diagram of an example wireless
terminal that might be used to implement some embodiments of

the present invention;

Figure 38 is a block diagram of a logical breakdown
of an example OFDM transmitter architecture that might be used

to implement some embodiments of the present invention;

Figure 39 is a block diagram of a logical breakdown
of an example OFDM receiver architecture that might be used to

implement some embodiments of the present invention;

Figure 40 is a flowchart of an example method of

scheduling diversity users and sub-band users.

Detailed Description of the Preferred Embodiments
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A broad aspect of the invention provides an OFDM
channelization system and method in which sub-band channels and
diversity channels are transmitted simultaneously within the
same OFDM symbol. Each sub-band channel employs a contiguous
set of sub-carriers. Each diversity channel includes a set of
sub-carriers that are not entirely contiguous, and that are
diversity throughout across a frequency band. The conventional
meaning of non-contiguous applies here, namely that there are

at least some gaps between some of the sub-carriers.

Figure 1A shows the co-existence of two types of
channels in accordance with an embodiment of the invention. In
this example, some of the sub-carriers, collectively indicated
at 20, are dedicated for diversity channels, while some of the
sub—-carriers, collectively indicated at 22, are dedicated for
sub-band channels. It can be seen that during any given OFDM
symbol interval, for example OFDM symbol 24, diversity channels
and sub-band channels are simultaneously supported. In the
particular example illustrated, the OFDM sub-carrier set is
divided into sub-bands each containing a fixed number of sub-
carriers, and the overall OFDM resource in time and frequency
is divided into resource blocks, each resource block consisting
of one sub-band in frequency over a fixed number (one or more)
of OFDM symbol intervals. When a resource block is allocated
for sub-band channel use, all of the sub-carriers of the
resource block are allocated to the same sub-band channel. 1In
some implementations, a given sub-band channel is only allowed
to occupy a single sub-band; in other implementations a sub-
band channel can occupy a maximum of two adjacent sub-bands;
in other implementations, a given sub-band channel is allowed
to occupy an arbitrary number of multiple adjacent sub-bands.
Many examples of sub-band channel definitions are provided
below. When a resource block is allocated for distributed
channel use, multiple distributed channels may use the resource

block and other resource blocks, or a single distributed
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channel might use the entire resource block together with other
non-adjacent resource blocks. Many examples of distributed
channel definitions are provided below. In some embodiments,
the size of the resource block is selected as a function of the
coherence bandwidth such that for sub-band channels the entire
set of sub-carriers experiences a similar channel. Once the
overall band of sub-carriers has been assigned to resource
blocks, each resource block is then used in its entirety either
in the construction of diversity or sub-band channels. In the
example of Figure 1A, this assignment does not change from one
OFDM symbol duration (in the time direction) to another. 1In
another embodiment, illustrated by way of example in Figure 1B,
the assignment of resource blocks to diversity channels or sub-
band channels can change over time. In Figure 1B, it can be
seen that during OFDM symbol interval 26, there are four
resource blocks that are used for diversity channels, and three
resource blocks that are used for sub-band channels whereas
during OFDM symbol interval 28, there are four resource blocks
being used for sub-band channels and three resource blocks
being used for diversity channels. Furthermore it can be seen
that the assignment of the resource blocks changes on a per
OFDM symbol basis. Figure 1A has been used to show a specific
example of resource block assignment that is statistically
defined in time. The number and allocation of fixed in time
resource blocks is an implementation specific parameter.
Similarly, for the example of Figure 1B, a very specific layout
of resource blocks for diversity channels in sub-band channels
that changes over time has been shown, for example through
dynamic assignment. More generally, any appropriate layout of

resource blocks for these two channel types can be employed.

Another example of the co-existence of the two types
of channels will now be described with reference to Figure 2.
In this example, OFDM symbols are divided into TTIs (transmit

time interval). In the illustrated example, each TTI consists
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of seven consecutive OFDM symbols, but of course an arbitrary
nunber of symbols could be employed. One such TTI is indicated
at 30. The first symbol in each TTI, namely symbol 32 for the
first TTI 30, is used as a reference symbol. This might for
example include pilot and control information. More generally,
each TTI has at least one reference symbol. The remaining six
OFDM symbols 34 are used for traffic channels. 1In the
fraquency direction, the available bandwidth of sub-carriers is
divided into resource blocks. In a particular example, each
resource block might contain 25 sub-carriers. Then, each
resource block is assigned to be used for either sub-band
channels or diversity channels. In the illustrated example,
resource blocks 36 are being used for sub-band channels while
resource blocks 38 are being used for diversity channels. With
this particular example, the assignment of resource blocks to
sub-band channels and diversity channels is fixed, but in
another implementation this can be allowed to change as was the
case for the example of Figure 1B. With the example of Figure
2, the reference symbols are inserted in a TDM (time division
multiplexed) fashion, with every seventh symbol being a

reference symbol but different frequencies can be employed.

Having allocated the sub-carriers and OFDM symbol
durations to either sub-band or diversity mode, there are many
ways to define diversity sub-channels using the allocated sub-
carriers. A first example will now be described with reference
to Figure 3 where the reference symbol insertion, TTI size, and
resource block assignment is assumed to be the same as was
described with reference to Figure 2. 1In this case, three
different diversity channels are defined using the assigned
resources. The resources assigned for the first channel are
indicated at 46. This consists of a single resource block
during the first two OFDM symbols 40 reach TTI, a single
resource block during the next two OFDM symbols 42 reach TTI,

and a single resource block 50 during the next two OFDM symbols
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44 reach TTI. The location in frequency of the three resource
blocks that make up the diversity channel is different and that
is why the channel is to be considered a diversity channel. A
similar assignment of resocurce blocks is shown for channels 48
and 50. In the illustrated example, the channel assignment is
constant from one TTI to the next, but this need not
necessarily be the case. It should be readily understood that
using the model of Figure 33, an arbitrary number of diversity
channels could be created assuming sufficient resources are
assigned for diversity channel use. Furthermore, as was the
case with the example of Figure 2, the number of OFDM symbols
in each TTI and the number of sub-carriers in each resource

block is to be considered an implementation specific detail.

Referring now to Figure 4, shown is another example
of the co-existence of sub-band and diversity channels. With
this example, the available sub-carriers are again divided into
resource blocks. In the illustrated example each resource
block is eight sub-carriers, but other numbers can be employed.
The first OFDM symbol 60 of each TTI is used as a reference
symbol and in the particular example illustrated the reference
symbol is used for pilot symbol insertion. In the illustrated
example, MIMO transmission is assumed with four transmit
antennas. The pilots are inserted with a respective
distributed set of sub-carriers assigned to function as the
pilot for each antenna. In the particular example illustrated,
the first sub-carrier and every fourth sub-carrier thereafter
is used for a first antenna; the second sub-carrier and every
fourth sub-carrier thereafter is used for a second antenna and
so on. In frequencies that one antenna is transmitting a
pilot, the other antennas transmit nulls. Until the next
symbol containing pilot information, the OFDM symbols 62 are
usaed for data transmission. As was in the case in previous
examples, several of the resource blocks 64 are allocated for

sub-band channels while several of the resource blocks 66 are
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allocated for diversity channels. In this example, the sub-
carriers are allocated for diversity channels are used to
implement three different diversity channels indicated at
68,70,72. In this example, the first two OFDM symbols 74 are
used for the first diversity sub-channel; the next two OFDM
symbols 76 are used for the second diversity sub-channel 70,
and the third pair of OFDM symbols 78 is used for the third
diversity channel 72. The channels are still diversity
channels in the sense that they employ sub-carriers from
resource blocks 66 that are spread throughout the spectrum. In
contrast, for the sub-band channels one or more resource blocks
would be allocated to a given user. The frequency breakdown
between sub-band and diversity channels may be the same in the
multiple antenna case. However, more generally, the breakdown
between sub-band channels and diversity channels need not be
the same for the multiple transmit antenna case and can be
defined on a per antenna basis. A specific example has been
shown in Figure 4 that is suitable for a four transmit antenna
system. Of course appropriate modifications could be made to
support systems with fewer or greater numbers of antennas.
Furthermore, the particular layout of sub-band resource blocks
and diversity resource blocks is only an example. Similarly,
the size of the TTI 62, and the number of sub-carriers in each

resource block are also implementation specific details.

For the OFDM symbol used for pilot insertion in
Figure 4, for a given OFDM sub-carrier, only a single antenna
transmits a pilot. In this manner, there is no interference
between the pilots from the various antennas. Thus, the pilots
ars scattered with the Figure 4 embodiment with a spacing of
four sub-carriers between the pilots for a given antenna, and a
spacing of every seven OFDM symbols. More generally, a
scattered pilot design is one that includes pilots for each
antenna that are spaced in frequency and time. Figure 5 shows

another example of a scattered pilot design in which pilots for
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each antenna are inserted in a diamond shaped lattice with
pilots for antennas 1, 2, 3 and 4 indicated at 90,92, 94,96
respectively. The structure of the channels in Figure 5
consists of a reference OFDM symbol 98 that is used to as a
control channel, followed by six OFDM symbols 100 used for
traffic. The control channel is used to transmit the same
content from all of the antennas for this example. The
particular breakdown of the OFDM symbols 100 for traffic is the
same as was the case for the Figure 4 example, with sub-band
channels indicated at 102 and three diversity channels
indicated at 104,106,108. However, in this case the diamond
shaped lattice pilot pattern has been punctured across both the
control channel 98 and the data channels 100. A first option
for puncturing is that it is a pure puncture with actual
content from the respective data channels simply being omitted.
In this case, it would be necessary that the forward error
correction coding or other error correction techniques be
employed to enable the recovery of the missing contents.
Another option is that the payload size is changed for channels
that have punctured locations. For example, for the first sub-
band channel 102, it can be seen that in the absence of the
pilot insertion there would be 8 sub-carriers by 6 OFDM symbols
= 48 data locations. When the puncturing has been performed,
six of these are removed and as such there is now room for 42
data locations. If the payload is proportionately reduced in
size, then forward error correction does not need to be relied
upon to recover any missing information, at least not any
missing information due to punctured pilot channels. 1In Figure
5, a very specific example has been shown. It is to be
understood that the number of OFDM symbols used for data in
each slot is an implementation specific detail; the number of
OFDM sub-carriers in each resource block is implementation
specific; the particular layout of the scattered pilots is

implementation specific; the number of antennas employed is
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implementation specific; the arrangement and layout of the sub-
band channels versus the diversity channels is implementation

specific.

Figure 6 is a table showing various examples of how
specified system bandwidths can be used to implement OFDM

channelization structures.

In another generalized approach to channelization, a
scheduling period is referred to as a “slot”, this consisting

of a set of L (L 2 1) OFDM symbols.

All the sub-carriers within a slot (time domain) and
whole band (frequency domain) are viewed as a sub-carrier pool.
A slot in the time domain is divided into M sub-slots with each
sub-slot including one or multiple consecutive OFDM symbols or
symbol pairs. The whole band (frequency domain) is divided
into N sub-bands with each sub-band including multiple
contiguous sub-carriers. Thus the sub-carrier pool is
effectively divided into an MxN resource block space with each
resource block including one or multiple sub-slots and multiple
contiguous sub-carriers. The sub-slot duration in time is
equivalent to the resource block duration in time. M and N can
be updated dynamically on slot basis or statically on a few

slots basis based on traffic statistics. M is 2 1, and N 2 2.

It is readily apparent how the examples presented
thas far can fit in with this generalization, allowing for the
insertion of additional OFDM symbols for reference, pilot or
control. Two specific examples of resource block definition
are given in Figure 7. A first example, generally indicated at
120 involves a sub-carrier space with 48 sub-carriers, and a
slot length consisting of eight OFDM symbols. The time domain
slot is divided into M = 2 sub-slots each contains four OFDM
symbols, and the frequency domain is divided into N = 4 sub-

bands each containing 12 contiguous sub-carriers. The result
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is a 4 x 2 resource block space. A second example, generally
indicated at 122, involves the same set of 48 OFDM sub-carriers
and the same eight OFDM symbols per slot. In this case, the
entire eight OFDM symbols are used to define a single sub-slot,
and the 48 OFDM sub-carriers are divided in the frequency
domain into eight sub-bands each containing six OFDM sub-
carriers. Thus in this example, there is an N = 8 by M =1

resource block space.

Referring to Figure 8, another example of resource
block definition is shown in which 48 sub-carriers over eight
OFDM symbols are divided into N = 8 sub-bands each with six
OFDM sub-carriers, and two sub-slots each containing four OFDM

symbols for an 8 x 2 resource block space.

Having defined the N x M resource block space, each
of the resource blocks is then used for sub-band or distributed

channels.

A slot can be configured to include the two types of
channels, namely sub-band channel and diversity channel. A
suo-band channel includes a contiguous set of one or more
resource blocks. A diversity channel includes multiple sub-
carriers with those sub-carriers distributed across multiple
resource blocks. Many examples of how the division between
suo-band channels and diversity channels can be implemented
within a slot will be described below. In some of these, sub-
band channel resources are allocated first, and then all
leftover resource space within a slot is available for

diversity channels.

Referring again to Figure 8, in the illustrated
example, a single resource block has been assigned to create a
first sub-band channel 130; two resource blocks that are
consecutive in time have been assigned to a second sub-band

channel 132, and two resource blocks that are adjacent in
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frequency have been assigned for a third sub-band channel 133.
The remaining capacity is then available for diversity

channels.
Diversity Channel Definition Using Diversity Sub-Channelization

In some embodiments, the resource blocks left over
after sub-band channel assignment are used to define a set of
diversity sub-channels, and then each diversity channel is
defined to include one or multiple diversity sub-channels.
Various options for diversity sub-channelization exists, and
several examples will be described below. In some embodiments,
the diversity sub-channels are systematically defined such that
given a set of available sub-carriers, the same set of
diversity sub-channels will always result. With this approach,
assuming a transmitter and a receiver both know the systematic
definitions that are being applied, given a set of sub-carriers
available for diversity sub-channelization, both the
transmitter and receiver will know the sub-channel structure.
The sub-channelization tree approaches described below are

examples of this systematic sub-channel definition approach.

In a first example, sub-band-wise sub-channelization
is performed. A diversity sub-channel is defined by taking at
least one selected sub-carrier within a sub-band into
consideration. The definition is then applied to all available
resource blocks for diversity channels. In other words, the
diversity sub-channel includes a corresponding sub-carrier in
the same position within each sub-band available for diversity
channelization. For example, a diversity sub-channel might
consist of the first sub-carrier of each sub-band available for

diversity channelization.

In another option, leftover space wise sub-

channelization is performed. Diversity sub-channels are
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defined by taking all leftover sub-carriers (after sub-band

allocation) in one or more OFDM symbols into the consideration.

In some embodiments, a diversity sub-channel includes
the same definition is applied across however many OFDM symbols
are to be included in a resource block. 1In other embodiments,
a diversity sub-channel definition changes from one OFDM symbol
to the next within a resource block, for example through

frequency hopping. An example of this is given below.

With diversity sub-channels thus defined, a diversity

channel is constructed from one or more such sub-channels.

In some embodiments, where channel definitions are
not fixed, signaling is employed to let each mobile station
know where within the overall available resource their
particular content is located. In one example of such
signaling a two-dimensional bitmap is employed to indicate
where the sub-band channels are versus where the diversity
channels are. The following is an example of such a two-
dimensional bitmap for the resource allocation shown in Figure

8, where:

(10100000
0010011 0]

Each “1” in the two-dimensional bitmap represents a
resource block that is being allocated for sub-band channel
usa. It can be seen how the “1”s in the bitmap above
correspond with the sub-band channels 130,132,133 shown in
Figure 8. Then, for each one bit in the two-dimensional
bitmap, a user ID is signaled. For example, user IDs 1, 2 and
3 might be signaled for the five “1” bits that appear in the

bitmap as follows:
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{ User ID =1

User 1ID = 2

Il
N

User ID

1
w

User ID

User ID = 3}.

In another option for resource allocation signaling,
a one-dimensional bitmap can be employed, with a single bit
indicating for each sub-band whether or not sub-band channels
are to be included in that sub-band. The following is an
example of such a one-dimensional bitmap for the allocation of

Figure 8:

N=8 [10100110]

This indicates that the first, third, sixth and seventh sub-
bands are for sub-band channel user, but does not indicate the
particular channel assigned to each sub-band thus reserved. To
achieve this, for each “one” bit in the one-dimensional bitmap,
information is sent that identifies the number of users, and

for each user, a start sub-slot index, and number of sub-slots.

In yet another option for resource allocatiocon
signaling, each resource block is given a respective region ID.
For the particular case of N = 8 sub-bands and M = 2 sub-slots,
there are a total of 16 resource blocks and four bits can be
usad to identify region IDs. Then, for each region, the
signaling that is performed consists of the region ID and the

user ID that is to be transmitted in that region.

More generally, where channel definitions can change,
any appropriate signaling information can be sent that enables
a determination of which resource blocks are assigned to sub-

band channels and which blocks are available to diversity
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channels. A user ID can also be sent for each sub-band channel

allocated.

In some embodiments, the diversity sub-channels are
assigned using a sub-channelization tree having multiple
levels, with a first level in the tree comprising a plurality
of nodes each representing a single sub-channel, and each
subsequent level in the tree comprising one or more nodes, each
node in a subsequent level combining at least two nodes of a
previous level and representing all sub-channels represented by
the at least two nodes of the previous level. Specific
examples are given below. Each diversity channel can then be
defined to include a set of one or more sub-channels
represented by a respective single node in the sub-

channelization tree.

In order to signal diversity channel definitions,
information can be sent that associates each diversity channel
with the respective single node in the sub-channelization tree.

Specific examples below include bitmaps and region IDs.

Two examples of diversity channelization through sub-
channelization definition will be described with reference to
Figure 9A and 9B respectively. Both of these examples assume
an input of a base set of sub-carriers upon which sub-
channelization is performed. Example methods of defining the
base set of sub-carriers are given below, suffice it to say
that the base set of sub-carriers may or may not be contiguous.
In these examples, the diversity sub-channels are
systematically defined by the number K of sub-carriers to be
usz2d, and the number L of sub-channels to be defined using
those K sub-carriers. A first option is to employ a full
diversity tree method to define the sub-channels. With a full
diversity tree method, a sub-channel includes non-contiguous
suo-carriers if multiple sub-carriers are to be included in a

sudb-channel. The diversity tree method allows sets of sub-
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channels to be defined that contain increasingly large numbers
of sub-carriers. With the example illustrated in Figure 94,
generally indicated at 141, the assumption is that there are K
= 16 sub-carriers. At a first level in the diversity tree,
generally indicated at 140, the K = 16 sub-carriers are used to
define L = 16 sub-channels referred to as sub-ch[16,0].., sub-
ch[16,15]. The next level in the diversity tree is generally
indicated at 142. Here, eight sub-channels are defined and
labeled sub-ch[8,0],..,sub-ch[8,7]. Each of these sub-channels
is shown to include two of the sub-channels from the first
level 140 of the tree. Thus, in the second level 142, sub-
ch[8,0] includes the 0™ and 8™ sub-carriers. This process is
repeated for subsequent levels in the hierarchy. In the
illustrated example, there are three more levels 144,146,148.
Each sub-channel in the third level 144 contains four sub-
carriers, each sub-channel in the fourth level 146 includes
eight sub-carriers, while the single node in the fifth level
148 includes all of the sub-carriers. It should be readily
apparent how the example presented could be extended to cover
an arbitrary number of sub-carriers K. With this sub-
channelization definition, a given diversity channel can be

defined to include one or more of these sub-channels.

In a second example shown in Figure 9B, generally
indicated at 150, a hybrid diversity tree approach is employed.
The first level in the diversity tree 152 is the same as the
first level 140 of the first example 141. However, in
generating the second level, pairs of adjacent sub-carriers
from the first level are selected. Thus, in the second level
154, sub-ch[8,0] includes the first two consecutive sub-
carriers. After this, the sub-channels of the second level 154
are combined in a similar manner to the first example, and
third 156, fourth 158, and fifth 160 levels in the diversity
tree can be defined. It is again readily apparent how the

aporoach given in the example 150 can be extended to cover an
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arbitrary number of sub-carriers. Furthermore, while in the
illustrated example two consecutive sub-carriers have been
combined, in another embodiment it might be possible to include
four consecutive sub-carriers, for example in the third level
of the diversity tree 156. Contiguous groups of two, four or
eight might be used to support STTD transmission formats for
example. For applications where the base set of sub-carriers
are contiguous, the approach of Figure 9B allows for a better
estimate of interference and channel conditions since there are

contiguous groups of sub-carriers.

In another example, diversity sub-channels include
sub-carrier hopping in the time domain based on a specific
pattern that might for example be base station specific. An
example of this is shown in Figure 10 where the sub-carrier
selected for a given diversity sub-channel is indicated at 162
for a first pair of OFDM symbols, 164 for a next pair of OFDM
symbols, 166 for a third pair of OFDM symbols and 168 for a
fourth pair of OFDM symbols. The sub-carriers 162,164,166,168
ars all within a sub-band. In this example, the sub-band has
16 sub-carriers but it is readily apparent how this concept can
be extended to an arbitrary number of sub-carriers within a
suo-band. In Figure 10, the expression (+12)%16 defines the
sud-carrier hopping that occurs for this particular example.

It means that after defining a first sub-carrier location
(using the sub-channelization tree for example), the sub-
carrier position for the next OFDM symbol pair is determined by
adding 12 to the current position (where the numbers 1 through
16 index into an arbitrarily defined base set of sub-carriers
that may or may not be contiguous) and performing a modulo 16
operation. With the example given, it can be seen that 16
different sub-channels could be defined over four pairs of OFDM
symbols within a sub-band. More generally, any appropriate
mechanism of sub-carrier hopping can be employed; of course the

mechanism needs to be deterministic in the sense that it can be
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reproduced at a receiver. 1In the above example, sub-carrier
hopping occurs across OFDM symbol pairs; more generally, the
hopping can occur at any defined time interval of one or more

OFDM symbols.

Having defined diversity sub-channels using one of
the above-discussed approaches, a diversity channel is defined
to include one or multiple diversity sub-channel. Addressing
schemes can be employed to identify diversity channels. 1In one
example, the addressing can be based on the position in the
sub-channelization tree. Referring back to the Figure 9
example, if a single diversity channel was to simply be one of
ths sub-channels referred to in the second level 142, then such
a diversity channel could be identified using any mechanism

that allows the identification of that position in the tree.

A specific example of diversity channel addressing
will now be given with reference to Figure 11. With this
example, there are eight sub-carriers that have been used to
crzate a four level diversity tree with eight nodes in the
first level 172, four nodes in the second level 174, two nodes
in the third level 176, and one node in the fourth level 178.
A first option is to perform the addressing based on a bitmap.
For L = 8 sub-channels in the first level, the size of such a
bitmap would be 15 because there are 15 nodes in the tree as a
whole. As was the case where bitmaps were presented as an
option for signaling the occupancy of available sub-band
channels, a bitmap can be transmitted to indicate which
diversity sub-channels are occupied, together with user IDs for
the occupied sub-channels. This combination will completely
specify the content of the diversity channels. In another
example, each node in the tree is assigned a “region ID”.
Since there are 15 nodes, four bits can used to uniquely
identify each of the nodes in the tree. For example, in the

illustrated example region ID “0010” identifies one of the
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nodes in the third level in the tree. It can be seen that a
diversity channel having this region ID would include sub-
carriers 8, 10, 12 and 14. It should be readily apparent how
the bitmap or region ID approach could be applied to any of the

diversity sub-channel definitions presented thus far.

In some embodiments, the sub-channel definition such
as described above is applied across all of the sub-bands
available to diversity transmission, and during a given slot or
sub-slot the same user is assigned such a combined capacity.

An example of this will now be given with reference to Figure
12 where in a given slot 180, containing two sub-slots 182,184
and containing eight sub-bands 186 through 200, three sub-band
users have been assigned as indicated at 202,204,206. The
remaining sub-bands are used for diversity sub-channelization.
In the illustrated example, each band contains eight sub-
carriers and as such a sub-channelization similar to that
described with reference to Figure 11 can be employed as
indicated generally at 208. Applying the same sub-
channelization to all of the sub-slots and sub-bands that are
not assigned for sub-band users, several diversity channels can
be defined. Two particular diversity channels are illustrated
by way of example with sub-carriers 210 being used to define a
first diversity channel and sub-carriers 212 used to define a
second diversity channel. 1In this case, the assignment is on a
slot basis, with the sub-channelization being applied for the
entire slot and then assigned to a given diversity channel.

For consecutive OFDM symbol pairs, the sub-carriers assigned to
each sub-channel in this example alternate between twc sets
that are offset from each other by one sub-carrier, this being
an example of the hopping described by way of example above
with reference to Figure 10. It can be seen that there is
still room for several additional diversity channels. Then,
the diversity channel can be identified simply by its position

in the bitmap or region ID. For example, the diversity channel
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210 would simply be identified by position 4 in the bitmap, or
region ID “0100”. Similarly, the diversity channel 212 would
be identified by position 6 in the bitmap, or region ID “0110”.
The following is an example of diversity channel assignment

5 signaling that might be employed to that effect:
For bitmap case
Bitmap
For each 1 bit
{ wuser ID }
10 For region ID case
Number of users
For number of users
{ user ID

region ID}

15 The signaling might be employed as follows to signal

the two diversity channel shown in Figure 12:

0100

Us=2xr ID

i

4, region ID

0110

User ID 5, region ID

In another example, diversity channels are defined on

20 a sub-slot basis. An example of this is shown in Figure 13.
This example includes a sub-slot, sub-band structure the same
as that of Figure 12, and includes the same three sub-band
users 202,204.206. Furthermore, the same diversity tree 208 is
emoloyed to define and identify sub-channels. 1In this case,

25 three different diversity channels are illustrated. The sub-
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carriers used for a first diversity channel

220, for a second diversity channel

diversity channel at 224.

the content for the first diversity channel

slots 182,184;

is located only in the first sub-slot 182,

for the third diversity channel 224

second sub-slot 184. Thus, a given

assigned to one or the other of the

of the sub-slots. The following is

In this case,

PCT/CA2006/000463

are indicated at
at 222, and for a third
it can be seen that

220 spans both sub-

the content for the second diversity channel 222

while the content
is located only in the

diversity channel can be
two sub-slots, or to both

an example of how diversity

channel assignment signaling could be implemented to signal

sub~slot contents for such an implementation:

For bitmap case

For each sub-slot

{ Bitmap

For each 1 bit

{ wuser ID }

For region ID case

For each sub-slot

{ Number of users

For number of users

{ user ID

region ID }

For the specific diversity channels shown in Figure

13, the following signaling could be employed to completely

identify the diversity channels:

For diversity user
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« For sub-slot 0

+ User ID = 4, region ID = 0100

« User ID = 5, region ID = 0110
+ For sub-slot 1

+ User ID = 4, region ID = 0100

+ User ID = 6, region ID = 1001

Note that in the examples of Figures 12 and 13, each
sub-slot contained two OFDM symbol pairs, and sub-carrier
hopping was employed for each sub-channel. For example, it can
be seen that the sub-channel identified by region ID 0100 (the
sub-channel used by diversity channel 222) is offset by two
sub-carriers in the second OFDM symbol pair in sub-slot 182.

It should be readily apparent that sub-carrier hopping may or
may not be employed in a given implementation. Furthermore, it
should also be readily apparent how the example of Figures 12
and 13 can be extended to an arbitrary slot definition, an
arbitrary sub-slot definition, an arbitrary number of sub-

carriers and an arbitrary number of sub-bands.

The above examples are examples of sub-band-wise sub-
channelization. 1In another implementation, diversity
channelization is employed by creating a diversity
channelization tree taking into account all leftover sub-
carriers after a sub-band channel assignment, this being so-

called leftover-space-wise-sub-channelization.

In a first example, such a diversity channelization
is performed on a per sub-slot basis, and assignment to mobile
stations is performed on a per-sub-slot basis. An example of
this will now be given with reference to Figure 14 where a slot
structure consisting of two sub-slots 230,232, and eight sub-

bands 234 through 248 are defined each containing six sub-
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carriers, and three sub-bands users are indicated at
250,252,254, During the first sub-slot 230, all of the
available sub-carriers for diversity channelization are
compbined at 256, and then these sub-carriers can be used to
create a sub-channelization tree such as described previously.
Then, diversity channels can be defined using the bitmap or
region ID as in previous examples. In the illustrated example,
during the first sub-slot, there are 36 sub-carriers available
for diversity channelization tree creation, while during the
second sub-slot 232, the sub-carriers available for diversity
channelization are indicated at 258, and it can be seen that

there are 30 such sub-carriers.

In another implementation, all leftover sub-carriers
in each sub-slot are combined as was the case in the Figure 14
example, then, the two sets of sub-carriers are combined to
create a single list of sub-carriers and diversity sub-
channelization is performed using the combined list. Referring
to Figure 15, an example of this is shown where the sub-
carriers 256 from the first sub-slot 230 and the sub-carriers
258 from the second sub-slot 232 are combined to create a
single list 258 which is then used to create a diversity sub-
channelization tree structure. In this case, assignment to
mobile stations would be performed on a per slot basis. 1In
another example of diversity channel definition, all leftover
suo-carriers within a sub-slot and in a given sub-band are
listed first. These sub-band based list are then combined into
an overall list for the entire slot, and diversity sub-
channelization tree is created using this combined list. Then,
assignment to mobile stations is performed on a per slot basis.
An example of this is given in Figure 16 where again the same
sud-slot and sub-band structure and sub-band user assignment is
shown as was the case for the Figure 15 example. The available
sud-carriers in the second sub-slot 232 are organized by sub-

band as indicated at 260. These are then combined with
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similarly organized sub-bands of the first sub-slot 230 to
generate a combined list 262 that is then used for a diversity

sub-channelization tree generation.

The above introduced slot diversity channel trees
have been defined in such a way that any sub-band channel
assignments do not affect the slot diversity channel tree
structure and may be used to allocate resources. Presented
below are further examples of slot diversity channel trees.

For purposes of embodiments of the invention presented below
the slot diversity channel tree uses a diversity sub-channel
which includes a defined number of L sub-carriers and each slot
includes a defined number M of OFDM symbols (or M sets of OFDM
synbols of a defined size, for example pairs). The slot

structure may be provided by the following:

For a given OFDM symbol, the available sub-carriers
are divided into L groups. Depending on the total number of
sub-carriers Niot available for diversity sub-channelization,
the number of sub-channels Ng, will be Ny = Neoe/ (L) since there
ars L sub-carriers per sub-channel. For each OFDM symbol (or
set of symbols) (m = 1,.., M) N. sub-channels are defined by
taking one sub-carrier from each of the L groups. 1In a
particular example illustrated in Figure 17, M = 10, and L =
24. As such, a sub-channel [m=1, 2,.., 10, i=1, 2, .., N] is
created by taking one sub-carrier from each group within OFDM
symbol (or set of symbols) m. A diversity channel includes 24
sudo-carriers. The number N of sub-channels depends on the
bandwidth available. For these particular numbers, N = 3,
6,12, 25, 39, 53 for bandwidths of 1.25MHz, 2.5MHz, 5MHz,
10MHz, 15MHz and 20MHz, respectively. 1In the illustrated
example, the location of the sub-carrier within each group that
is included in a given sub-channel is the same. Thus, for the
first sub-channel 272 illustrated in Figure 17, this includes

the first sub-carrier of each of the 24 groups.
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Sub-channelization is performed to define a set of
bese sub-channels such that the set includes a respective sub-
set of sub-channels defined on each of a plurality of OFDM
symbols (or sets of OFDM symbols). The sub-channels can be
defined as in the example of Figure 17 by dividing the
available sub-carriers into a number of groups equal to the
number of sub-channels to be defined, and taking a sub-carrier
from each group, optionally in the same position. However,
other methods of defining the sub-channels can be employed.
Tre sub-channels thus defined (over multiple OFDM symbols or
sets of OFDM symbols) can then be combined into diversity
ctannels as in previous examples, for example using a sub-

channelization tree.

Figure 18 shows an example of diversity sub-
channelization that uses the set of base sub-channels as
defined in Figure 17. A hybrid diversity tree method as
generally described previously with reference to Figure 9B is
enmployed, but more generally any method of combining the sub-
channels into diversity channels can be employed. 1In the
illustrated example, pairs of “adjacent” sub-channels are
ccmbined in the first level of combination (referred to as
level 5 to 80) in Figure 18. Note that depending upon the
definition of the base set of sub-carriers, this may or may not
result in adjacent sub-carriers in the sub-channels defined in
the first level of combination. The input to the sub-
channelization is similar to that described with reference to
Figure 17. More particularly, all of the available sub-
carriers for diversity sub-channelization are taken from all of
the symbols (or groups of symbols) within the slot and a single
diversity tree structure is made from those sub-carriers. 1In
the illustrated example, a single slot consists of 10 symbol
pairs and there is a set of available sub-carriers from each
symbol pair indicated at 288,290,292 for the first, second and

tenth symbol pairs respectively. The basic diversity sub-
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channel is indicated at 294 and includes one sub-carrier from
ezch symbol pair. However, the next level combination at 286
combines diversity sub-channels in a manner such that there are
pairs of consecutive sub-carriers. The remainder of the
diversity tree is constructed as before with further levels

irdicated at 294,296,298, 300.

Referring now to Figures 19 through 23, a set of
examples of sub-band channel definition will now be presented.
Recall that with sub-band channels, a given sub-band user is
allocated a set of resources that is contiguous both in
frequency and time within a given slot. Assuming that a
resource block has N sub-carriers over M (2 1) OFDM symbols,
resources can be assigned to a sub-band user by allocating them
K x N sub-carriers (in other words K resource blocks where K 2
1), over J sets of M OFDM symbol intervals, where J 2 1. The
smallest unit of sub-band allocation is a single resource
block. Figure 19 shows a slot structure in which the time
dcmain runs from left to right along axis 302, and the
frequency domain runs from top to bottom along frequency domain
axis 304. The slot structure includes five OFDM symbol pairs
(i.e. M=2) and eight sub-bands. There is a respective resource
block 306 indicated in the time-frequency plane for each
pcssible sub-band over each set of symbol pair. For example,
resource block 308 consists of the very first sub-band of sub-
carriers over the first pair of OFDM symbols. It is readily
apparent how such a breakdown could be prepared for an
arbitrary number of sub-bands within an overall band, and for
an arbitrary number OFDM symbol pairs (or sets of M>=1 OFDM
symbols) within a slot. A time-domain tree structure,
generally indicated at 310 allows for an efficient definition
of any set of consecutive OFDM symbol pairs (or sets of M>=1
symbols). The first level on the tree has a resolution equal
tc individual OFDM symbol pairs. In the illustrated example

there would be five nodes in this tree although these are not
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shown separately from the nodes for resource blocks. The next
level in the tree contains nodes 312,314,316,318 each of which
urniiquely identifies a pair of consecutive OFDM symbol pairs.
For example, node 312 would identify the first and second OFDM
symbol pairs. The third level in the tree has nodes
320,322,324. Each of these nodes uniquely identifies three
consecutive OFDM symbol pairs. For example, node 320 would
identify the consecutive combination of the first three OFDM
symbol pairs. In the fourth level, nodes 326 and 328 each
icentify four consecutive OFDM symbol pairs. For example, node
326 is associated with the first four OFDM symbol pairs.
Finally, in the fifth level of the tree, there is a single node
330 that would be associated with all five OFDM symbol pairs of
the slot. Thus, by uniquely identifying one of the nodes in
the tree (there being 5 + 4 + 3 + 2 + 1 = 15 nodes) any
ccnsecutive set of OFDM symbol pairs can be uniquely
icentified. As was the case for earlier diversity definitions,
the time-domain tree 310 can have associated bitmapping or
region identifiers to refer to particular nodes within the

tree.

A similar tree structure is defined in the frequency
dcmain to enable the unique referencing of any allowable
ccmbination of contiguous sub-bands. In some implementations,
a maximum of two contiguous sub-bands can be combined into a
sub-band channel; in other implementations an arbitrary
ccmbination is allowed. 1In the illustrated example, a complete
tree (not shown) would have eight nodes in the first level,
seven nodes in the second level, etc., for a total of 36 nodes.
The nodes can be identified again using a bitmap or region ID

for example.

In a particular example, an arbitrary node in the

time-domain tree 310 can be identified using four bits while an
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arbitrary node in the frequency domain could be identified

using six bits.

Having defined the time-domain tree 310, and the
frequency domain tree, an arbitrary sub-band channel can be
defined by combining a node identified from the time-domain
tree with a node identifier from the frequency domain tree.
For the purpose of example, a portion of the frequency domain
tree is illustrated. For example, a particular sub-band
channel is indicated in Figure 19 at 350, this containing three
contiguous sub-bands over two consecutive OFDM symbol pair
durations. This sub-band could be uniquely identified by the
combination of the time-domain tree node identifier for node
314 and the frequency domain tree node identifier for 360.
This embodiment allows for sub-band resource to be allocated

anywhere within the entire rescurce space.

In another embodiment, all sub-band channel resources
are allocated starting from this first symbol pair (more
generally the first symbol or group of M symbols). This allows
for a simpler time-domain tree that incurs less overhead.
However, there is also less flexibility. An example of this is
shown in Figure 20 where the time-domain tree, generally
indicated at 370, only includes nodes that represent the
combinations of consecutive OFDM symbol pairs starting from the
start of the slot. ©Node 372 represents the first two OFDM
symbol pairs, the next node 374 represents the first three OFDM
symbol pairs, the next node 376 represents the first four OFDM
symbol pairs while the top node 378 represents all five OFDM
symbol pairs. The tree does not allow for a reference to, for
example, the third and fourth consecutive OFDM symbol pairs.

It can be seen however that since there are only five nodes in
the tree (assuming the first node 371 is included) this can

represented using only three bits. The frequency domain tree
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structure could be the same as that described with reference to

Figure 19.

Note that given implementations may limit the number
of consecutive sub-bands that can be combined into a sub-band
channel. For example, it may be that only a maximum of two
sub-bands can be combined into a given sub-band channel. 1In
this case, the frequency domain tree would only have two
levels, the first level that uniquely identifies each sub-band,
and the second level that uniquely identifies any pair of
contiguous sub-bands. In this case, for the example of Figure
19 where there are eight sub-band basics, there would be seven
nodes in the next level of the tree for a total of 15 nodes in
the frequency domain, and these could be uniquely identified

using four bits.

Referring now to Figure 21, shown is an example of
how sub-band channel identification might be performed for such
an implementation, namely the implementation of Figure 19, but
where only a maximum of two sub-band basic access units can be
combined in a sub-band channel. Here, it can be seen that in
the time-domain tree 310 there are still a total of 15 nodes,
and these can be identified by a position in a bitmap (referred
to as 1, 2, .., 15) or alternatively using a four bits node ID
as shown. Similarly, in the frequency domain tree, generally
indicated at 380, this tree only including two levels as
discussed above and having a total of 15 nodes, each node can
be identified either by a position in the bitmap (1, 2, .., 15)
or a four bit node identifier. Thus, a total of eight bits can
be used to identify any one of the permitted sub-band channels
for the example of Figure 21. Furthermore, the node naming
conventions used in the frequency domain or time domain do not
need to be the same. For example, a bitmap approach could be
used in the time domain and a node ID in the frequency domain

or vice versa. It is also to be understood that any
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arpropriate node naming convention could be employed. A
particular sub-channel as indicated at 382, this consisting of
two consecutive sub-bands over two OFDM symbol pairs. The node
identifier might be the combination of the time domain node
identifier (1000) and the frequency domain identifier (1011)
fcr an eight bit identifier consisting of 10001011.

In another embodiment of the invention, rather than
labeling nodes in the time domain and the frequency domain
separately, each permutation of a frequency domain node and a
time domain node has a respective unique label region ID. For
the example of Figure 21, there are 15 time domain nodes and 15
frequency domain nodes for a total of 225 nodes that are each
given a unique identifier. Thus, again eight bits could be
used to identify each of these 225 nodes uniquely. An example
of this is shown in Figure 22 which is the same tree structure
of Figure 21, but in which each node is uniquely labeled. 1In
Figure 22, only some of the nodes associated with first sub-
band are labeled, since the time-domain tree is shown extending
from those nodes. However, for the case where every node is to
be given a unique label, a respective time domain tree such as
illustrated is constructed for each sub-band. Since there are
225 nodes, these can be uniquely identified using 8 bit

identifiers as shown.

In another example of channel definition and naming
for sub-band channels, a two step approach is employed. 1In a
first step, a bitmap is used to identify the resource blocks
available for sub-band channel definition. For example, in a
slot structure consisting of eight sub-band over four OFDM
symbol pairs, the total resource would consist of 32 resource
blocks, and as such a 32 bit two~dimensional bitmap could be
used to identify for each resource block whether or not it is
to be used for sub-band channel use. An example of such a two-

dimensional bitmap is indicated at 400 in Figure 23A for a
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resource space that is 4 x 8. The following is an example of
the two-dimensional bitmap 400 for the particular example of

Figure 23A:

(10000011

10001011

10100000

0010011 0]

Figure 23B shows another example of sub-band
allocation using this approach. 1In this case, the two-

dimensional bitmap is indicated at 408.

The next step is to use a systematic naming method to
name each sub-band channel that can be created using one or a
ccmbination of the resource blocks identified for sub-band
channel usage by the bitmap. By “systematic naming method” it
is simply meant that the method can be consistently applied to
a given bitmap to give the same results. In the particular
example illustrated in Figure 23A, a two step approach is
performed to the uniform naming. First, naming is performed in
the frequency domain with each individual sub-band being given
a name, and where there is a set of contiguous sub-bands, a
frequency domain tree is built using those consecutive sub-
bands. 1In the illustrated example the first naming step is
indicated at 402, it can be seen that during the first OFDM
symbol pair there are three sub-band identified in the bitmap
as being available for sub-band channel usage, and these have
been identified as 1, 2, 3 respectively. Furthermore, since
sub-bands labeled 2 and 3 are contiguous, a tree is built off
that, and this results in an additional node numbered 4.
During the next OFDM symbol, there are four sub-bands available
for sub-band channel usage and these have been labeled 5, 6, 7,

and 8, and the combination of sub-bands labeled 7 and 8 has
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been labeled 9. During the third OFDM symbol, there are only
two sub-bands available for sub-band channel usage and these
are labeled 10 and 11. The fourth OFDM symbol pair, there are
three sub-bands available for sub-band channel usage, and these
are labeled 12, 13 and 14. Since sub-bands labeled 13 and 14
are contiguous, there is an additional node labeled 15. Next,
tree structures are built in the time domain where appropriate
as indicated at 404. This is again done systematically. In
the illustrated example it is done starting at the top in the
frequency domain. Thus, since nodes 1, 5 and 10 are
consecutive in time for a given sub-band, any permutation of 1,
2 or 3 of these resource blocks is a valid sub-band channel
definition. Thus, nodes 16 and 17 are used to identify pairs
of consecutive symbol pairs while node 18 is used to identify
all three of them in combination. Furthermore, node 19 has
been added to indicate the combination of nodes 11 and 12; node
20 has been added to indicate the combination of nodes 2 and 7
and node 21 has been added to indicate the combination of nodes
3 and 8. Finally, node 22 has been added to indicate the
combination of nodes 4 and 6. Node 22 would refer to the block

of four resource blocks including nodes 2, 3, 7 and 8.

Having completed such a naming convention, there are
a total of 22 nodes and as such a 22-bit bitmap could be used
or a five bit node ID could be used to assign any of these
permutations of resource blocks for usage with a given sub-band
channel. The node ID or bitmap together with the original two-
dimensional bitmap 400 can be used to signal sub-band channel

structure uniquely.

For the example of Figure 23B, there are no
contiguous sub-bands and as such there is no tree structure in

the frequency domain.
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The following is an example of signaling that might
be used to perform channel assignment in combination with the

bitmap:
Number of assignments = 00010

Ul (user identifier for a first user), node ID =

01110, PHY parameters

U2 (user identifier for a second user), node ID =

10110, PHY parameters

A particular naming convention has been described
with reference to Figures 23A and 23B. More generally, after
first signalling the resource blocks to be used for sub-band
channelization (for example using a bitmap), any systematic
naming convention can be applied to identify each permutation

of contiguous sub-bands over consecutive sub-slots.

In the above described methods of allocating
resources to sub-band channels or diversity channels, the
assumption has been that sub-band channel resources are
allocated first, and then what is left over is used to allocate
to diversity channels. 1In another embodiment, a systematic
approach to sub-band channel and diversity channel definition
is employed that does not make this distinction. Rather, the
entire band is made available for both sub-band channel use and
diversity channel use. However, priority is given to one
channel type or the other where there is a conflict. In one
embodiment, where a given sub-carrier is allocated for both a
sub-band channel and a diversity channel, the contents of the
diversity channel are punctured or omitted, and the sub-
carriers used for the sub-band channel contents. Receivers of
the diversity channel can make use of signaling information to

know which sub-carriers of their diversity channel have been
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punctured by sub-band channel and as such will know which sub-

carriers to ignore.

In a first embodiment, a sub-band channel definition
approach is used in accordance with any of the examples given
above to allow a sub-band channel to be defined using a
contiguous set of sub-carriers over one or more OFDM symbols or
symbol pairs. On top of this, a diversity sub-channel is using
all of the sub-carriers within the band. Particular diversity
users are then assigned one or more of these diversity sub-
channels. Where the diversity channels overlap with the
assigned sub-band channels, the diversity channel contents are

omitted in favour of the sub-band channel contents.

A specific example of this will now be described with
reference to Figure 24 where a sub-band basic access unit slot
structure is shown at 410 for an example slot that provides for
a 4 x 4 resource block space, each resource block consisting of
eight sub-carriers by two OFDM symbols. Thus, each node in the
tree 410 represents eight sub-carriers over two OFDM symbols.
The tree structure shown allows for any pair of consecutive
basic access units to be combined in a sub-band channel. 1In
some embodiments, multiple groups of eight sub-carriers that
are located contiguously can also be combined in generating
this sub-band channel as was the case in previous examples.
Thus, an arbitrary block of nodes from the tree 410 can be used
to define a sub-band channel so long as they are rectangular in
shape. The entire set of 32 sub-carriers for the last OFDM
symbol pair in the tree 410 are shown generally indicated at
412. These 32 sub-carriers are used to define basic access
units for diversity channel definition, i.e. diversity sub-
channels. 1In the illustrated example, the 32 sub-carriers are
arranged in groups of four, and every fourth sub-carrier is
assigned to the same diversity sub-channel. A diversity sub-

channelization tree is indicated generally at 414. The lowest
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level diversity sub-channels are indicated at 417. One of
these sub-channels 415 is shown to include the first sub-
carrier for each of the groups of four shown at 412. Four such
diversity sub-channels are defined on the basis of the last
OFDM symbol pair. Similarly, four diversity sub-channels are
defined for the first, second and third OFDM symbol pairs
respectively for a total of 16 diversity sub-channels. It can
be seen that each diversity sub-channel includes eight sub-
carriers, the same as in the sub-band channel for this example.
The diversity sub-channelization tree 414 can then be used to
define diversity channels that are combinations of diversity
sub-channels. For example, node 419 in the tree would consist
of the combination of the first four diversity sub-channels,

all of which are implemented during the first symbol pair.

Referring now to Figure 25, shown is an example of
how the jointly defined sub-channels can be identified. 1In the
particular example illustrated, each node in the basic access
unit slot tree 410 for sub-band channels and the basic access
unit slot tree 414 for diversity sub-channelization that can be
used in association with a user identifier to indicate that
that user identifier is to use that channel, be it a sub-band
channel or a diversity channel. In another possible
implementation, a bitmap containing a respective bit for each
of the sub-channels is transmitted with a “1” in each position
that is to be occupied. In addition to that, a user identifier
can be transmitted in association with each “1” to identify
which user is to occupy that channel. 1In a particular example
illustrated in Figure 25, there are 40 nodes in the sub-band
tree and there are 31 nodes in the diversity tree 414 and as
such a 71-bit bitmap could be used to identify which sub-

channels are occupied.

Referring now to Figure 26, a specific example of

sub-channel utilization is shown where there are seven sub-band
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channels 416 occupied within the sub-band tree 410, and there
are seven diversity channels 418 occupied within the diversity

tree 414.

With the examples of Figures 24 through 26, the
assumption is that every single node in the sub-band tree or
diversity tree is available for use in defining sub-band
channels or diversity channels. In some implementations, it
may be advantageous to only activate certain nodes within the
tree. For example, for conditions in which the smallest sub-
channel will require a combination of at least two basic access
units, it would not be useful to include the bottom nodes in
the sub-band basic access unit tree because these would not
ever be used on their own. By reducing the number of nodes in
the tree, a particular channel structure can be identified more
efficiently. For example, if a bitmap is used, a smaller
bitmap can be sent to identify where the active channels within
the “active” channel set are. In general, the approach is to
signal which portion of the tree is active, and then to perform
node naming for the active nodes, and to perform channel
assignment using the nodes thus named. The partial tree
activation approach can be used with either the sub-band
channelization tree, and/or the diversity sub-channelization

tree or for the combination of the two.

In a first example, in order to activate a partial
tree, entire levels of the tree are de-activated or activated
together by signaling the top level within the tree that is
active and signaling the bottom level within the tree that is
active. An example of this is shown in Figure 27, generally
indicated at 420. Shown is a five level tree 422 within which
it is desired to activate only the nodes of levels three and
four. 1In other words, channels containing a single level five
sub-channel are not to be allowed, and channels that correspond

with level two (eight sub-channels) or level one (all of the
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sub-channels) are not allowed. This can achieved by signaling
level three to be the top level and level four to be the bottom
level which will then indicate that the active tree is that
irndicated generally at 424. At that point, node naming can be
employed using any of the examples described before to name
eech of the nodes within the active tree. In the particular
example illustrated, there are only 12 nodes in the active
tree, and as such a 12-bit bitmap can be used or four bit

region IDs can be used to identify individual nodes.

In another example, the approach is further refined
to allow the top and bottom level to be defined for multiple
segments within the tree, each tree being defined by a
respective top node. An example of this is also shown in
Figure 27, generally indicated at 430. Here, the same five
level tree 422 is shown, and there are two segments. The first
segment 432 has a top node 431, and the top level in the tree
that is to be activated beneath that top node is the third
level, and the bottom level to be activated is the fourth
level. Similarly, for the second segment 434 having top node
435, the top level to be activated is level two, and the bottom
level to be activated is level three. The resulting active
tree is generally indicated at 436. Once again any appropriate
naming approach can be used to name the nodes thus identified.
In the particular example illustrated, there is a total of nine
ncdes and thus a 9-bit bitmap, or four bit region identifiers
can be employed. The following is an example of a signaling
scheme that could be used to indicate the active tree

structure:

Number of segments

Fcr each segment

Tcp node
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Top level of tree

Bottom level of tree

For Example 1 of Figure 27:

Number of segments = 1

top level = 3, bottom level = 4

Fcr Example 2 of Figure 27:

Number of segments = 2

Fcr segment 1 (top node ID 3, bottom level

:4)

00001, top level

I
Il

Fcr segment 2 (top node ID 00010, top level 2, bottom level

= 3)

In accordance with an embodiment of the invention
Figure 28 presents another partial tree activation scheme which
uses a bound tree approach. With this approach, rather than
signaling a top node, and a top level of the tree and a bottom
level of the tree for each of a plurality of segments, a top
ncde is signaled for each segment, and a bottom level for each
tcp node is signaled. Thus, all of the nodes beneath each top
ncde that is identified down to the associated bottom level are
included in the active tree. In the example of Figure 28, a
five level tree is indicated at 440, and two top nodes 441 are
to be included in the active tree, and the bottom level is
level four. Thus, the active tree that results is that shown
generally indicated at 442. With such an active tree thus
established, the node naming can proceed using any appropriate

method for example some of the methods described previously.

In accordance with an embodiment of the invention

Figure 29 presents another partial tree activation scheme which
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uses a node activation approach. With this approach, to begin
all of the nodes that are active within an overall tree is
icentified. This can be done for example using a bitmap. Once
a smaller number of nodes is thus identified, the remaining
active nodes are named using an appropriate naming approach.

Ar. example of this is shown in Figure 29 where a five level
tree is shown at 444 containing 31 nodes. A subset of these
ncdes are selected to be active, these including the seven node
shown in bold in Figure 29. A 31-bit bitmap can be transmitted
tc indicate that seven nodes that are active. Then, as the
active slot tree as generally indicated at 446, and each of the
active nodes can be named. In the illustrated example, since
there are seven active nodes, three bits can be used to
icentify each of the nodes uniquely, or a 7-bit bitmap can be
used to indicate which of the nodes in the active slot tree are
used. In this case, 1t can be seen that there is an unbalanced
resource assignment since the nodes in the active slot tree

have differing amounts of resources assigned to them.

The nodes that make up the active tree can be updated
either slowly or dynamically. In some embodiments, the entire
tree can be updated. 1In other embodiments, only the portions
of the tree that have changed are updated so as to reduce
overhead. Two specific examples are illustrated in Figure 30.
In the first example, a top node is used to define the portion
(cr segment) of the tree that needs modification. Preferably
the top node is referred to using the full tree, i.e. prior to
pruning the tree to be an active tree. In example 1 of Figure
30, the active tree 450 needs to be amended so as to be the
active tree 452. Thus, the full tree identifier for node 451
is identified, and then the new update information for that
ncde 1is provided. In this example, this consists of a bottom
level for the node, again referring to the full tree for the

level definition. It is much more efficient to signal simply
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the single node 451 and its update information than to re-

signal the entire active tree.

In example 2 of Figure 30, the top node again is
signaled, and then a bitmap is used to indicate which sub-
tended nodes are to be active after amendment. Thus, having
icentified node 455, again with reference to the full tree, a
bitmap can be used to indicate which of the nodes are to be
active in the updated active tree 456. In the illustrated

example, this consists of the three nodes 457.

Referring now to Figure 31, two specific examples of
assignment signaling will be provided. For the bitmap
agrproach, a bitmap is transmitted indicating which nodes in the
active tree are assigned, and for each node, a respective user
ID is signaled. The following is an example of such a bitmap

and user ID signaling for the active tree 460 of Figure 31:
Bitmap:

100011111000

User IDs: Ul, U2, U3, U4, U5, Ue.

In another example, rather than using a bitmap,
individual node IDs are assigned to individual user IDs. An
example is shown in Figure 31 where the number of nodes IDs
being assigned is 2. An example of the signaling that might be

erployed is as follows:

Number of assignments = 0010 (2)

User ID Ul assigned to node ID 0000

User ID U2 assigned to node ID 0100

As in all of the other examples described herein, a

physical layer parameters may also be transmitted in
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association with the assignment signaling if these are not

krown a priority to the receiver.

Three further signaling examples are will be
described by way of example with reference to Figure 32. 1In
trhe first example, generally indicated at 464, a 7-bit bitmap
can be used to indicate which of the active nodes are being
assigned, and then a user ID is transmitted for each bit in the
bitmap. For the illustrated example, the following signaling
cculd be employed:

Bitmap 1110110
User IDs Ul, U2, U3, U4, U5

For the second example generally indicated at 466, a
ncde assignment can be employed. The following signaling might

be used:

Number of assignments = 010 (2)
User ID Ul assigned to node ID 000;
User ID U2 assigned to node ID 001.

A third example is shown generally at 468 in Figure
32. In this example, all seven active nodes are used and as
such it is necessary to transmit a bitmap to indicate which of
the active nodes are being assigned. Rather, it is only

necessary to signal a user identifier for each active node.
Static partitioning

Based on distribution of sub-band and diversity users
and their traffic load, the partitioning could remain for a
certain time and be updated through a slow signaling. Any of

the above approaches can be used for static partitioning.

Dynamic partitioning



10

15

20

25

30

WO 2006/102744 PCT/CA2006/000463
- 56 -

In some embodiments, for each slot, based on the
scheduling algorithm, the partitioning between sub-band and
diversity channels is dynamically generated. The partitioning
can be broadcast dynamically through a two-dimensional bitmap.
Any of the above approaches can be used for dynamic

partitioning.

Examples have been described in which sub-band
channels are allocated first, and then diversity channels are
generated using the remaining resource blocks. In some
embodiments in which this sequence of allocation is exercised,
a threshold is defined that limits the amount of the total
transmission resource that can be assigned to sub-band users.
The reason for this is that if too much of the spectrum is
occupied by sub-band users, there may not be enough spectrum
left to define diversity channels that have an acceptable level
of frequency diversity as defined for a given application. In
some implementations, once such a threshold is reached, no
further sub-band channels are allowed to be scheduled. In
other implementations, once such a threshold is reached, no
diversity channels are allowed to be scheduled, and the

remaining bandwidth is made available for sub-band channel use.

Examples have also been described in which diversity
channels are defined using the entire set of OFDM sub-carriers,
ard in which sub-band channel allocation takes away from the
stb-carriers of a given diversity sub-channel. Similar
thresholding can be applied to ensure that there are sufficient
resources for the transmission of diversity channels. In some
embodiments, a threshold on the amount of sub-band channel

bandwidth occupancy is defined.
Power Off of Partial Resource

In accordance with an embodiment of the invention, a

scheme is provided for supporting power off of a partial
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resource of bandwidth. Power off of partial resource (POPR) of
bandwidth may be used in some cases in order to control inter-
cell interference and enhance cell coverage by allowing sub-
carriers across a fractional slot to be turned off dynamically.
The location and size of POPR in the slot may be cell (base

station) specific and may power off and on dynamically.

Various examples can be used to implement signaling
that enables dynamic POPR control. For cases where the POPR
bandwidth is slowly updated, a bitmap might be employed to
identify the resources that are to be powered off. For
example, a one-dimensional (each bit corresponding to a sub-
band with the first bit for the first sub-band) or two-

dimensional bitmap (each bit corresponding to a resource block.

Referring now to Figure 33, a one-dimensional bitmap
can be used to signal the POPR case generally indicated by 500
where it can be seen that sub-bands 0 and sub-bands 6 are to be
temporarily powered off. A one-dimensional bitmap can be used
tc indicate that these sub-bands have been powered off. The

fcllowing i1s an example of such a bitmap:
Example 1 - one-dimensional bitmap (frequency domain)

(0111110 1], first bit corresponding to the first
sub-band

In a second example, a two-dimensional bitmap is
erployed. This enables sub-bands to be turned off during
specific time intervals within a slot structure. An example of
this is generally indicated at 502 in Figure 33 where a
separate bit is used for each resource block. In this case, a
32-bit bitmap could be employed. Alternatively, a one-
dimensional bitmap for frequency domain could be used first to
indicate that sub-bands that are affected together with

additional information indicating how the sub-bands are
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affected. The following is an example of a frequency domain

bitmap for the example of 502 of Figure 33:
Fregquency domain
[1 01 11110] -> sub-band 1 and 7 are affected

Having identified that sub-bands 1 and 7 are affected
using the one-dimensional frequency domain bitmap, a one-
dimensional bitmap for the time domain for each of the affected
frequency domain sub-bands can be generated. The following is
an example of this that indicates that OFDM symbol pair (more
generally OFDM symbol or group of M>=1 symbols) 2 in the second
sub-band is turned off and OFDM symbol 3 in the seventh sub-

band is turned off:
Time domain

For sub-band 1: [1 1 0 1] -> OFDM symbol pair 2 is turned
off

For sub-band 7: [1 1 1 0] - > OFDM symbol pair 3 is turned
off

When it comes time to define diversity channels, for
example using diversity sub-channelization techniques described
earlier, it will be necessary that both the transmitter and
receiver would understand that the sub-carriers occupied by
PCPR would not be available for diversity channel construction.
In this case, a reduced-size diversity channel can be used to
transmit a reduced amount of data; alternatively, the same
arount of data can be transmitted with the expectation that
redundancy in the data can be leveraged at the receiver to

ccmpensate for the missing sub-carriers.

In another approcach to providing for POPR locations,
this can be achieved by simply by assigning the sub-band

resources that are to be turned off to null users, for example
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with a MAC ID = 0 in this manner, these channels will not be
used. This provides for a very simple dynamic updating of the

resources to be turned off.

Scheduling

In accordance with embodiments of the invention
scheduling schemes for an OFDM air interface which supports

stb-band and/or diversity users are presented below.

There are three cases that can be considered in

scheduling the forward link resources:

All the users are sub-band users.

All the users are diversity users.

There is a mix of sub-band users and diversity users.

In some embodiments, a given mobile station can
irdicate its preference for sub-band channel or diversity
crtannel assignment by indicating whether it would like to
report a sub-band CIR or a full band CIR. In some
implementations, the system will give each mobile station what
it wants. However, in other implementations although the
mcbile station indicates whether it would like to report a sub-
band CIR or a full band CIR, the scheduler decides which of the
users that indicate a preference for sub-band reporting
actually report a sub-band CIR. For example, the scheduler can
irdicate to a mobile that would prefer to report one or more
stb-band CIRs to instead report a full band CIR, or vise versa,
based on factors such as traffic type, buffer size, geometry or
the ratio of diversity users to sub-band users. More
generally, scheduling each user to be either a sub-band channel
or a diversity channel can be performed as a function of

irformation received from users.
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The first two cases (where all of the users are sub-
bend users or all of the users are diversity users) can easily
be handled since the next user to be scheduled does not
interfere with the previously scheduled users. However, the
third case, where there is a mix of sub-band and diversity
users, is more complex. When a sub-band channel is scheduled
it can take away sub-carriers from several diversity channels.
If a diversity user is scheduled before a sub-band user, in the
seme slot, the number of sub-carriers remaining in the
diversity channel may not be sufficient to transmit at the

assigned data rate.

The above three cases can be handled using the
scheduling schemes described below. 1In accordance with
embodiments of the invention the schemes presented are in
accordance with the channelization schemes described above.
The broader concepts are not, however, limited in this regard
ard can be applied to other channelization schemes including,
for example, if the diversity channels take sub-carriers away
from the sub-band channels or the case where the sub-carriers
used by the sub-band channels and the diversity channels are

mutually exclusive.

With reference to Figure 40, in accordance with an
embodiment of the invention a scheduling scheme is provided as

follows:

40-1) Create a two-dimensional priority matrix, where the first
N, columns represent each user’s priority for the individual

bends and the last column represents the priority for the
erntire band. If a mobile is not reporting a CIR on each
irndividual band then set the individual sub-band priorities for
the user to zero. For mobiles that report a CIR for some or

all of the sub-bands, the diversity priority is set to zero if

the full band CIR is not reported. If both full band CIR and
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sub-band CIR are reported and if the sub-band CIR maps to the
same data rate as the full band CIR then the sub-band priority
may be set to zero as, in this case, there may be no benefit to
assigning a sub-band. The following is an example of such a
matrix, where P;,; is the priority for the i*™ user in the 3°
band, and P; is the i'" user’s priority for the entire band.

Ary appropriate prioritization scheme can be employed.

Y ces

By R, Ay A
) e

fz,l Pz,z PZ,Nb Pz
)

['n,l Pn,z "' Pn,N,, Pn

4C-2) Create an available channel list that contains the basic
sub-channels for both diversity and sub-band channels and the
size of each unit on each transmit antenna. An example of such
a channel list is as follows where D; is a diversity channel
unit and S; is a sub-band channel unit (the same as a resource
block as defined previously). The same approach can be used
fcr an arbitrary number (one or more) of antennas by providing

a column for each antenna.

Channel Available sub- Available sub-
carriers on carriers on
Unit
antenna 1 antenna 2
D (1) @
! BD,] BD,l
D (1) )
2 BD,Z BD,Z
D ) )
d BD,d BD,d
S ) )
! BS,l BS,l
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4C-3) Select the user with the highest priority from the two-

dimensional priority matrix.

4C-4) Is the user a sub-band user?

If the user is a sub-band user (yes path, step 40-4)
then at step 40-5, if there is an available sub-band channel on
the chosen sub-band (yes path, step 40-8), and if the impact to
the previously scheduled diversity channels is below a
threshold (yes path, step 40-9) (e.g. the number of sub-
carriers that may be taken from the diversity channel and still
allow that diversity channel to be re-scheduled at an
ecuivalent data rate to what was assigned previously), or
preferably there is no impact, then a sub-band channel is
assigned that has an impact to all of the diversity channels
that is below a threshold at step 40-11. In some embodiments a
stb-channel which has the least impact is assigned. If the
impact on diversity users is not below the threshold (no path,
step 40-9) then if the previously scheduled diversity channels
cannot be re-assigned (no path, step 40-10) then a choice may
be made not to schedule the sub-band user. Accordingly, the
user’s priority can be set to zero at step 40-14 and go back to
step 40-3. Otherwise, continue. TIf the impacted diversity
channels can be re-assigned (yes path, step 40-10) then the
sub-band user is scheduled, and the diversity users re—assigned

at step 40-12.

After scheduling, the assigned sub-band channel is
removed from available channel list, and the size of diversity

channels (available and scheduled) is updated at step 40-13.
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If the user is a diversity user (no path, step 40-4),

then a diversity channel is assigned to the user at step 40-6.

If there are available channels to assign and there

are more users to schedule then go back to step 40-3.

A very specific method of scheduling has been
described with reference to Figure 40. This is a very specific
combination of features that a scheduler may employ. More
generally, subsets of these features may be present in a given

implementation.

For example, in some embodiments a scheduling method
is provided that involves scheduling each receiver to either a
sub-band channel or a diversity channel as a function of
information received from receivers. A selection of sub-bands,
or sub-band CQI information, or a preference for sub-band vs.

diversity channel are three examples of such information.

In some embodiments, the method involves defining a
priority for each receiver, and attempting to schedule each

receiver in order of priority.

According to an embodiment of the invention, in the
cese of MIMO transmission, using for example per antenna rate
control (PARC) or space-time transmit diversity (STTD), the
scheduling procedure is the same. However, for PARC or for the
mixed case where some users are using PARC and some STTD, the
available channel list and the priority matrix may be
meintained per transmit antenna. Despite the fact that the
example shown above is for a MIMO scenario, the scheduling
schemes set out above and below are applicable to a one antenna

arrangement.

According to another embodiment of the invention,
irstead of re-assigning the resources for the previously

scheduled diversity users after a sub-band user is scheduled,
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the scheduler may account for the amount of resources that are
required for each of the scheduled diversity user and assign
the actual diversity channels after the users are selected and

the sub-band users are assigned a sub-band channel.

When determining the impact of assigning a sub-band
channel on the diversity channels, the number of sub-carriers
remaining in the diversity channels and the distance between
the sub-carriers may both be considered. The sub-band
assignment should minimize the number of sub-carriers taken
away from the diversity channels and the distance between the

remaining sub-carriers should be maximized.

According to another embodiment of the invention a
multi-slot/persistent resource assignment scheme is provided by
the following. In the case of delay sensitive traffic with a
constant packet arrival rate, such as VoIP, the scheduler may
pre-assign multiple slots spaced at an interval equal to the
pecket arrival rate. The benefit of assigning multiple slots
is that it reduces the signaling overhead. Since the VoIP
users are pre-scheduled, only the non-VoIP users are scheduled

using the above method.

The multi-slot assignment may start from the first
OFDM symbol of the slot. TIf the multi-slot assignment does not
completely occupy a symbol then the remaining sub-carriers in
the symbol belong to the same channel format (diversity or sub-
bend). In a scheduling instance, the number of channel units
that are used for multi-slot transmission are signaled by the
bese station. That is to say the number of channel units is
signaled, rather than the user, data rate and channel. This
allows the other users to know how much was pre-assigned so
trhey know where the current assignment starts and it avoids the
signaling associated with identifying the user, data rate and

channel, because it is the same as the initial assignment. The
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non-persistent channel assignment may start from the first

channel unit of the remaining channel units.

When a user is pre-scheduled for multiple slots, the
data rate and the amount of resources may be kept constant. 1In
order to track each user’s channel, power management may be
used in place of rate control. TIf a given user’s channel
improves, less power may be allocated to the sub-carriers
assigned to the user and more power can be assigned to the
users that have a worse channel condition. Once a multiple
slot format has been assigned, subseguent sub-band allocation
may be performed if it does not puncture any of the sub-

carriers from the assigned multi-slot channel.

In some embodiments, when the base station detects a
silent slot from a user for a given number of slots, the base
station removes the persistent assignment until a non-silent

slot is detected.

More generally, in some embodiments, scheduling is
implemented so as to allocate some resources persistently over
multiple slots and allocate other resources non-persistently.
In some embodiments, the persistently allocated resources are
located at the beginning of each slot and signaling information
is sent indicating how much resource has been allocated
persistently, with non-persistent allocations following the

persistent allocations.

VoIP traffic is a particular example of a type of
traffic that would benefit from persistent allocation in

combination with synchronous HARQ.

In an embodiment of the invention providing
persistently allocated capacity for VoIP with Synchronous HARQ,
only two MCS (modulation and coding scheme) levels are used for

VoIP traffic. The MCS is assigned at the beginning of the call
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and is only changed if transmitter (such as a base station)
detects a significant change in the receiver’s (such as a

mobile station) average reported CQI.

Since the MCS is constant for a number of
transmissions while the mobile station’s CQI is varying, power
menagement can be used to improve the use of the resources.

Tre mobile station reports CQI to the base station for this
pturpose; the CQI reporting can come in any form. Specific
examples include multi-level, differential, single bit up/down,

two bit up/down/no change.

The power is adjusted based on the mobile station’s
reported CQI. No additional signaling from the base station to
the mobile station is required. A mapping between the amount
of power adjustment and the reported CQI is employed to select
the power adjustment; this mapping is known to both the base

station and the mobile station.

In some embodiments, if the mobile station reports a
CCI that maps to a higher MCS than the operating MCS then the
pcwer 1s decreased by the amount specified for the difference
between the two MCS levels. If the mobile station reports a
CCI that maps to a lower MCS than the operating MCS then no

pcwer adjustment is performed.

According to another embodiment of the invention both
persistent and non-persistent transmissions may use
asynchronous HARQ, where all retransmitted packets are assigned
a higher priority than non-retransmitted packets. In this
case, a retransmission may be scheduled as soon as a NAK is
received. The retransmitted packet may be assigned the same
mcdulation and coding scheme as the initial transmission,

however, the assigned channel may be different.
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For the purposes of providing context for embodiments
of the invention for use in a communication system, Figure 35
shows a base station controller (BSC) 610 which controls
wireless communications within multiple cells 612, which cells
are served by corresponding base stations 614. In general, each
base station 614 facilitates communications using OFDM with
mobile and/or wireless terminals 616, which are within the cell
612 associated with the corresponding base station 614. The
movement of the mobile stations 616 in relation to the base
stations 614 results in significant fluctuation in channel
conditions. As illustrated, the base stations 614 and mobile
stations 616 may include multiple antennas to provide spatial

diversity for communications.

A high level overview of the mobile stations 616 and
base stations 614 upon which aspects of the present invention
may be implemented is provided prior to delving into the
structural and functional details of the preferred embodiments.
With reference to Figure 36, a base station 614 is illustrated.
The base station 614 generally includes a control system 620, a
beseband processor 622, transmit circuitry 624, receive
circuitry 626, multiple antennas 628, and a network interface
620. The receive circuitry 626 receives radio frequency
signals bearing information from one or more remote
transmitters provided by mobile stations 616 (illustrated in
Figure 35). A low noise amplifier and a filter (not shown) may
be provided that cooperate to amplify and remove broadband
irterference from the signal for processing. Downconversion
ard digitization circuitry (not shown) will then downconvert
the filtered, received signal to an intermediate or baseband
frequency signal, which is then digitized into one or more

digital streams.

The baseband processor 622 processes the digitized

received signal to extract the information or data bits
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conveyed in the received signal. This processing typically
comprises demodulation, decoding, and error correction
operations. As such, the baseband processor 622 is generally
implemented in one or more digital signal processors (DSPs) or
application-specific integrated circuits (ASICs). The received
information is then sent across a wireless network via the
network interface 630 or transmitted to another mobile station

16 serviced by the base station 614.

On the transmit side, the baseband processor 622
receives digitized data, which may represent voice, data, or
control information, from the network interface 630 under the
control of control system 620, and encodes the data for
transmission. The encoded data is output to the transmit
circuitry 624, where it is modulated by a carrier signal having
a desired transmit frequency or frequencies. A power amplifier
(rnot shown) will amplify the modulated carrier signal to a
level appropriate for transmission, and deliver the modulated
cerrier signal to the antennas 628 through a matching network
(ot shown). Modulation and processing details are described

in greater detail below.

With reference to Figure 37, a mobile station 616
configured according to one embodiment of the present invention
is illustrated. Similarly to the base station 614, the mobile
station 616 will include a control system 632, a baseband
processor 634, transmit circuitry 636, receive circuitry 638,
ore or multiple antennas 640, and user interface circuitry 642.
Tre receive circuitry 638 receives radio frequency signals
bearing information from one or more base stations 614. A low
ncise amplifier and a filter (not shown) may be provided that
ccoperate to amplify and remove broadband interference from the
signal for processing. Downconversion and digitization
circuitry (not shown) will then downconvert the filtered,

received signal to an intermediate or baseband frequency
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signal, which is then digitized into one or more digital

streams.

The baseband processor 634 processes the digitized
received signal to extract the information or data bits
conveyed in the received signal. This processing typically
comprises demodulation, decoding, and error correction
operations. The baseband processor 634 is generally
implemented in one or more digital signal processors (DSPs) and

application specific integrated circuits (ASICs).

For transmission, the baseband processor 634 receives
digitized data, which may represent voice, data, or control
irformation, from the control system 632, which it encodes for
transmission. The encoded data is output to the transmit
circuitry 636, where it is used by a modulator to modulate a
carrier signal that is at a desired transmit frequency or
frequencies. A power amplifier (not shown) will amplify the
mcdulated carrier signal to a level appropriate for
transmission, and deliver the modulated carrier signal to the
antennas 640 through a matching network (not shown). Various
mcdulation and processing techniques available to those skilled
in the art are used for signal transmission between the mobile

station and the base station.

In OFDM modulation, the transmission band is divided
into multiple, orthogonal carrier waves. Each carrier wave is
mcdulated according to the digital data to be transmitted.
Because OFDM divides the transmission band into multiple
carriers, the bandwidth per carrier decreases and the
mcdulation time per carrier increases. Since the multiple
carriers are transmitted in parallel, the transmission rate for
the digital data, or symbols, on any given carrier is lower

than when a single carrier is used.
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OFDM modulation utilizes the performance of an
Inverse Fast Fourier Transform (IFFT) on the information to be
transmitted. For demodulation, the performance of a Fast
Fourier Transform (FFT) on the received signal recovers the
transmitted information. In practice, the IFFT and FFT are
provided by digital signal processing carrying out an Inverse
Discrete Fourier Transform (IDFT) and Discrete Fourier
Transform (DFT), respectively. Accordingly, the characterizing
feature of OFDM modulation is that orthogonal carrier waves are
generated for multiple bands within a transmission channel.
The modulated signals are digital signals having a relatively
low transmission rate and capable of staying within their
respective bands. The individual carrier waves are not
modulated directly by the digital signals. Instead, all

cerrier waves are modulated at once by IFFT processing.

In operation, OFDM is preferably used for downlink
ard/or uplink transmission between the base stations 614 to the
mobile stations 616. Each base station 614 is equipped with
“r” (2 1) transmit antennas 628, and each mobile station 616 is
equipped with “m” (2 1) receive antennas 640. ©Notably, the
respective antennas can be used for reception and transmission
using appropriate duplexers or switches and are so labelled

orly for clarity.

With reference to Figure 38, a logical OFDM
transmission architecture will be described. Initially, the
base station controller 610 will send data to be transmitted to
various mobile stations 616 to the base station 614. The base
station 614 may use the channel quality indicators (CQIs)
associated with the mobile stations to schedule the data for
transmission as well as select appropriate coding and
mcdulation for transmitting the scheduled data. The CQIs may
be directly from the mobile stations 616 or determined at the

base station 614 based on information provided by the mobile
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stations 616. In either case, the CQI for each mobile station
616 is a function of the degree to which the channel amplitude

(or response) varies across the OFDM frequency band.

Scheduled data 644, which is a stream of bits, may be
scrambled in a manner reducing the peak-to-average power ratio
associated with the data using data scrambling logic 646. A
cyclic redundancy check (CRC) for the scrambled data is
determined and appended to the scrambled data using CRC adding
logic 648. ©Next, channel coding is performed using channel
ericoder logic 650 to effectively add redundancy to the data to
fecilitate recovery and error correction at the mobile station
616. Again, the channel coding for a particular mobile station
616 may be based on the CQI. In some implementations, the
ctannel encoder logic 650 uses known Turbo encoding techniques.
Tre encoded data 1s then processed by rate matching logic 652

to compensate for the data expansion associated with encoding.

Bit interleaver logic 654 systematically reorders the
bits in the encoded data to minimize the loss of consecutive
data bits. The resultant data bits are systematically mapped
irto corresponding symbols depending on the chosen baseband
mcdulation by mapping logic 656. In some embodiments,
Quadrature Amplitude Modulation (QAM) or Quadrature Phase Shift
Key (QPSK) modulation is used. The degree of modulation may be
chosen based on the CQI for the particular mobile station. The
symbols may be systematically reordered to further bolster the
immunity of the transmitted signal to periodic data loss caused
by frequency selective fading using symbol interleaver logic

6E8.

At this point, groups of bits have been mapped into
symbols representing locations in an amplitude and phase
ccnstellation. When spatial diversity is desired, blocks of
symbols are then processed by space-time block code (STC)

encoder logic 660, which modifies the symbols in a fashion
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making the transmitted signals more resistant to interference
and more readily decoded at a mobile station 616. The STC
encoder logic 660 will process the incoming symbols and provide

77

“n” outputs corresponding to the number of transmit antennas
628 for the base station 14. The control system 20 and/or
baseband processor 622 as described above with respect to

Figure 36 will provide a mapping control signal to control STC

Ww 4

encoding. At this point, assume the symbols for the “n
outputs are representative of the data to be transmitted and

capable of being recovered by the mobile station 616.

For the present example, assume the base station 614
has two antennas 28 (n=2) and the STC encoder logic 660
provides two output streams of symbols. Accordingly, each of
the symbol streams output by the STC encoder logic 660 is sent
to a corresponding IFFT processor 662, illustrated separately
for ease of understanding. Those skilled in the art will
recognize that one or more processors may be used to provide
such digital signal processing, alone or in combination with
other processing described herein. The IFFT processors 662
will preferably operate on the respective symbols to provide an
inverse Fourier Transform. The output of the IFFT processors
662 provides symbols in the time domain. Each set of time
domain symbols output by the IFFT processors 662 (each “frame”)
is associated with a prefix by prefix insertion logic 664.
Ezch of the resultant signals is up-converted in the digital
domain to an intermediate frequency and converted to an analog
signal via the corresponding digital up-conversion (DUC) and
digital-to-analog (D/A) conversion circuitry 666. The
resultant (analog) signals are then simultaneously modulated at
the desired RF frequency, amplified, and transmitted via the RF
circuitry 668 and antennas.628. Pilot signals known by the
intended mobile station 616 may also be transmitted. These may
for example be scattered among the sub-carriers. The mobile

station 616, which is discussed in detail below, will use the
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pilot signals for channel estimation. Note that many examples
heve been provided above of how user content can be mapped to
OFDM sub-carriers. In the particular example of Figure 38, the
different sub-band and diversity channels are appropriately
mepped to inputs of the IFFT functions. A channelizer (not
stown) maps the symbols to the OFDM sub-carriers using any of

the schemas described above.

Reference is now made to Figure 39 to illustrate
reception of the transmitted signals by a mobile station 616.
Upon arrival of the transmitted signals at each of the antennas
640 of the mobile station 616, the respective signals are
demodulated and amplified by corresponding RF circuitry 670.
For the sake of conciseness and clarity, only one of the two
receive paths is described and illustrated in detail. Analog-
tc-digital (A/D) converter and down-conversion circuitry 672
digitizes and downconverts the analog signal for digital
processing. The resultant digitized signal may be used by
automatic gain control circuitry (AGC) 674 to control the gain
of the amplifiers in the RF circuitry 670 based on the received

signal level.

Initially, the digitized signal is provided to
synchronization logic 676, which includes coarse
synchronization logic 678, which buffers several OFDM symbols
and calculates an auto-correlation between the two successive
OFDM symbols. A resultant time index corresponding to the
maximum of the correlation result determines a fine
synchronization search window, which is used by fine
synchronization logic 680 to determine a precise framing
starting position based on the headers. The output of the fine
synchronization logic 680 facilitates frame acquisition by
frame alignment logic 684. Proper framing alignment is
irportant so that subsequent FFT processing provides an accurate

ccnversion from the time domain to the frequency domain. The
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fine synchronization algorithm is based on the correlation
between the received pilot signals carried by the headers and a
local copy of the known pilot data. Once frame alignment
acquisition occurs, the prefix of the OFDM symbol is remcved
with prefix removal logic 686 and resultant samples are sent to
frequency offset correction logic 688, which compensates for
the system frequency offset caused by the unmatched local
oscillators in the transmitter and the receiver. Preferably,
the synchronization logic 676 includes frequency offset and
clock estimation logic 682, which is based on the headers to
help estimate such effects on the transmitted signal and
provide those estimations to the correction logic 688 to

properly process OFDM symbols.

At this point, the OFDM symbols in the time domain
are ready for conversion to the frequency domain using FFT
processing logic 690. The results are frequency domain
symbols, which are sent to processing logic 692. The
processing logic 692 extracts the scattered pilot signal using
scattered pilot extraction logic 694, determines a channel
estimate based on the extracted pilot signal using channel
estimation logic 696, and provides channel responses for all
stb-carriers using channel reconstruction logic 698. In order
tc determine a channel response for each of the sub-carriers,
the pilot signal is essentially multiple pilot symbols that are
scattered among the data symbols throughout the OFDM sub-
carriers in a known pattern in both time and frequency.
Centinuing with Figure 39, the processing logic compares the
received pilot symbols with the pilot symbols that are expected
in certain sub-carriers at certain times to determine a channel
response for the sub-carriers in which pilot symbols were
transmitted. The results are interpolated to estimate a
channel response for most, if not all, of the remaining sub-
carriers for which pilot symbols were not provided. The actual

and interpolated channel responses are used to estimate an
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overall channel response, which includes the channel responses

for most, if not all, of the sub-carriers in the OFDM channel.

The frequency domain symbols and channel
reconstruction information, which are derived from the channel
responses for each receive path are provided to an STC decoder
700, which provides STC decoding on both received paths to
recover the transmitted symbols. The channel reconstruction
information provides equalization information to the STC
decoder 700 sufficient to remove the effects of the
transmission channel when processing the respective frequency

domain symbols

The recovered symbols are placed back in order using
symbol de-interleaver logic 702, which corresponds to the
symbol interleaver logic 658 of the transmitter. The de-
irterleaved symbols are then demodulated or de-mapped to a
corresponding bitstream using de-mapping logic 704. The bits
are then de-interleaved using bit de-interleaver logic 706,
wrich corresponds to the bit interleaver logic 654 of the
transmitter architecture. The de-interleaved bits are then
processed by rate de-matching logic 708 and presented to
channel decoder logic 710 to recover the initially scrambled
data and the CRC checksum. Accordingly, CRC logic 712 removes
tke CRC checksum, checks the scrambled data in traditional
fashion, and provides it to the de-scrambling logic 714 for de-
scrambling using the known base station de-scrambling code to

recover the originally transmitted data 716.

In parallel to recovering the data 716, a CQI, or
information sufficient to create a CQI at the base station 614,
may be determined and transmitted to the base station 614. As
ncted above, the CQI may be a function of the carrier-to-
interference ratio (CR), as well as the degree to which the
channel response varies across the various sub-carriers in the

OFDM frequency band. For this embodiment, the channel gain for
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each sub-carrier in the OFDM frequency band being used to
transmit information is compared relative to one another to
determine the degree to which the channel gain varies across
the OFDM frequency band. Although numerous techniques are
available to measure the degree of variation, one technique is
tc calculate the standard deviation of the channel gain for
each sub-carrier throughout the OFDM frequency band being used

tc transmit data.

Figures 35 to 39 provide one specific example of a
ccmmunication system that could be used to implement
erbodiments of the invention. It is to be understood that
erbodiments of the invention can be implemented with
communications systems having architectures that are different
than the specific example, but that operate in a manner
consistent with the implementation of the embodiments as

described herein.

The MAC (media access control) layer is used to
enable features in the physical (PHY) layer in an OFDM air
interface framework. Frames are a format used to transmit data
over the air interface between base stations and wireless
terminals. A wireless terminal is any OFDM capable wireless
device and may be fixed location, nomadic or mobile, for
example a cellular telephone, computer with a wireless modem,
or PDA. Some types of information elements (IE) are included
in the frame to provide a structure within the frame for
defining where downlink and uplink information are located

within the frame.

In respect of a transmitter that uses the
channelization approaches taught above, this may include the
transmissions of one or more of sub-band channel assignments
and/or definitions, diversity channel assignments, and/or
definitions, POPR signaling, and partial activation

information. This may include the reception of one or more
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CQI, sub-band vs diversity channel preferences, and preferred

sub-band information.

In the embodiments described above, all of the
diversity channels are assumed to be distributed in the
frequency domain. In another embodiment, diversity channels
are defined that use one or more sub-carriers, but with
distribution in the time domain. There would be content on
select spaced OFDM symbol durations for a given time domain
diversity channel. Similar naming approaches can be adopted to
define sub-channels and diversity channels using time domain

diversity.

Numerous modifications and variations of the present
invention are possible in light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise than

as specifically described herein.
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1. A method comprising:

transmitting OFDM symbols using a plurality of sub-

carriers within an OFDM band;

the OFDM symbols collectively containing diversity
ctannels and sub-band channels, each diversity channel
utilizing a plurality of sub-carriers distributed across the
OFDM band, and each sub-band channel utilizing a contiguous set

of sub-carriers within the OFDM band;

at least some of the OFDM symbols simultaneously
ircluding sub-carriers utilized by a sub-band channel and sub-

carriers utilized by a diversity channel.

2. The method of claim 1 further comprising:

sub-dividing the plurality of sub-carriers into
resource blocks, each resource block comprising a fixed number
of contiguous sub-carriers over at least one OFDM symbol

duvration;

using each resource block in its entirety for one of

sub-band channel use or distributed channel use.
3. The method of claim 2 further comprising:

assigning each resource block to either sub-band
channel use or distributed channel use in a manner that is

statically defined.

4, The method of claim 2 further comprising:

assigning each resource block to either sub-band
channel use or distributed channel in a manner that changes

over time.
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5. The method of claim 1 further comprising:

transmitting at least one reference OFDM symbol for

ezch fixed size set of OFDM symbols.
6. The method of claim 2 wherein:

each diversity channel comprises a plurality of

resource blocks spaced in frequency.

7. The method of claim 2 wherein the plurality of
resource blocks spaced in frequency for a given diversity

crannel are simultaneously transmitted.

8. The method of claim 2 wherein the plurality of
resource blocks spaced in frequency for a given diversity

ctannel are transmitted during different OFDM symbols.

9. The method of claim 1 wherein transmitting OFDM
symbols using a plurality of sub-carriers within an OFDM band
is performed for each of a plurality of antennas, the method

further comprising:

for each antenna, transmitting a respective set of
scattered pilots, the sets of scattered pilots being

transmitted so as not to interfere with each other.

1C. The method of claim 9 wherein the OFDM symbols
ccllectively containing diversity channels and sub-band
channels are traffic OFDM symbols, the method further

ccmprising:

for each antenna, transmitting at least one reference

OFDM symbol in addition to the traffic OFDM symbols; and

for each fixed size set of traffic OFDM symbols, the

scattered pilots being transmitted during the reference symbol.
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11. The method of claim 9 wherein the OFDM symbols
ccllectively containing diversity channels and sub-band
channels are traffic OFDM symbols, the method further

ccmprising:

transmitting at least one reference OFDM symbol for

each fixed size set of traffic OFDM symbols; and

for each antenna transmitting some of the respective
set of scattered pilots during the reference symbol and some of

the scattered pilots during traffic OFDM symbols.

12. The method of claim 11 wherein the scattered pilots
are inserted in a diamond shaped lattice pattern for each

antenna.
13. The method of claim 1 further comprising:

defining a slot to contain an NxXM resource block
space by dividing the plurality of OFDM sub-carriers into N22
sub-bands in frequency transmitted over M21 sub-slots in time,

each sub-slot containing L21 OFDM symbol;

allocating each resource block in its entirety for

one of diversity channel use or sub-band channel use.
14. The method of claim 13 further comprising:

for each slot, allocating resource blocks for sub-
band channel use first, and allocating remaining resource

blocks for diversity channel use.
15. The method of claim 14 comprising:

for each slot, defining a set of diversity sub-
channels using sub-carriers of resource blocks left over after

sub-band channel assignment, and assigning each diversity
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channel to be transmitted during the slot at least one

diversity sub-channel.

16. The method of claim 15 wherein the diversity sub-
channels are systematically defined such that given a set of
resource blocks left over after sub-band channel assignment, an

identical set of diversity sub-channels will always result.

17. The method of claim 15 wherein diversity sub-channels
are assigned to diversity channels using a sub-channelization
tree having multiple levels, with a first level in the tree
cemprising a plurality of nodes each representing a single
diversity sub-channel, and each subsequent level in the tree
comprising one or more nodes, each node in a subsequent level
ccmbining at least two nodes of a previous level and
representing all sub-channels represented by the at least two

ncdes of the previous level.

18. The method of claim 17 wherein each diversity channel
ccmprises a set of one or more diversity sub-channels
represented by a respective single node in the sub-

channelization tree.
19. The method of claim 18 further comprising:

signaling diversity channel definitions by sending
information associating each diversity channel with the
respective single node in the sub-channelization tree, and

sending a user identifier for each diversity channel.

20. The method of claim 15 wherein each diversity sub-

channel comprises:

at least one sub-carrier in corresponding sub-carrier
positions within each resource block available for diversity

channel use.
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21. The method of claim 20 wherein diversity sub-channels
are defined using a sub-channelization tree based on sub-
carriers within a single sub-band leftover-space-wise sub-

ctannelization.

22. The method of claim 15 wherein defining a set of
diversity sub-channels using sub-carriers of resource blocks
left over after sub-band channel assignment comprises

performing leftover-space-wise sub-channelization.

23. The method of claim 22 wherein diversity sub-channels
are defined using a sub-channelization tree based on all sub-
carriers available in the resource blocks left over after sub-
band channel assignment in a given slot, and diversity channels
are assigned to be transmitted on diversity sub-channels on a

slot-wise basis.

24, The method of claim 23 wherein diversity sub-channels
are defined using a sub-channelization tree based on all sub-
carriers available in the resource blocks left over after sub-
band channel assignment in a given sub-slot, and diversity

channels are assigned to sub-channels on a sub-slot-wise basis.

25. The method of claim 15 wherein each diversity sub-
channel includes a respective set of OFDM sub-carriers over

multiple consecutive OFDM symbols.

26. The method of claim 15 wherein each diversity sub-
channel is transmitted over multiple OFDM symbols, and
comprises a respective set of OFDM sub-carriers that changes in

a systematic manner within the multiple OFDM symbols.

27. The method of claim 13 further comprising:

sending signaling information that indicates which
resource blocks are assigned to sub-band channels and which

blocks are available to diversity channels.
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2¢€. The method of claim 27 wherein sending signaling

irformation comprises:

sending a two dimensional bitmap that indicates for
tke NxM resource block space which resource blocks are assigned
to sub-band channels and which blocks are available to

diversity channels.

2¢. The method of claim 27 wherein sending signaling

information comprises:

sending a one-dimensional bit map containing a single
bit indicating for each sub-band whether or not sub-band

channels are to be included in that sub-band;

for each one bit in the one-dimensional bit map,
sending information that identifies a number of users, and for

each user, start sub-slot index, and number of sub-slots.

30. The method of claim 27 further comprising:

assigning a unique region identifier to each resource
block, and sending the region identifier to indicate that the

region is being used for a sub-band channel.
31. The method of claim 27 further comprising:

for each sub-band channel and each diversity channel,

sending a respective user identifier.

32. The method of claim 15 wherein defining a set of
diversity sub-channels using sub-carriers of resource blocks

left over after sub-band channel assignment comprises:

for each slot, defining a respective set of diversity

sub-channels that use the available sub-carriers for the slot;
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combining all of the sub-channels into a sub-
ctannelization tree that defines allowable combinations of the

stb-channels.

w
()

The method of claim 13 further comprising:

using a time domain tree to identify consecutive OFDM

symbols within a slot;

using a frequency domain tree to identify contiguous

sub-bands;

defining each sub-band channel using a combination

of the time domain tree and the frequency domain tree.

34, The method of claim 33 wherein the time domain tree
identifies consecutive symbols within a slot always including a

first symbol within the slot.

35. The method of claim 33 further comprising defining

names for each possible sub-band channel by performing one of:

assigning a region ID to each node in the time domain
tree and assigning a region ID to each node in the frequency

domain tree;

assigning a region ID to each node in the time domain
tree and using a bit map to identify nodes in the frequency

domain tree;

using a bit map to identify nodes in the time domain
tree, and assigning a region ID to each node in the frequency

domain tree;

using a first bit map to identify nodes in the time
domain tree, and using a second bit map to identify nodes in

the frequency domain tree;
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using a bit map to identify each possible time domain

tree node plus frequency domain tree node combination;

assigning a region ID to each time domain tree node

plus frequency domain tree node combination.

3¢. The method of claim 1 further comprising:

identifying sub-band channels by:

sending information that identifies which resource

blocks are available for sub-band channels;

using a systematic naming convention to name each
permutation of one or more contiguous sub-bands over one or

mcre consecutive sub-slots;

for each sub-band channel, transmitting a user
identifier and a name from the systematic naming convention
that identifies the particular permutation of one or more
centiguous sub-bands over one or more consecutive sub-slots

assigned to that user.

37. The method of claim 36 wherein sending information
that identifies which resource blocks are available for sub-

band channels comprises sending a bit map.

38. The method of claim 1 comprising:

defining sub-band sub-channels using all of the

plurality of OFDM sub-carriers;

defining diversity sub-channels using all of the

plurality of OFDM sub-carriers;

assigning each sub-band channel one or more sub-band

sub-channels;
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assigning each diversity sub-channel one or more

diversity sub-channels.
3¢. The method of claim 38 further comprising:

where there is a conflict between a sub-band channel
ard a diversity channel on a given sub-carrier, sending the

stb-band channel on the sub-carrier.
4C. The method of claim 38 further comprising:

using a sub-band sub-channelization tree in time
and/or frequency to organize sub-band sub-channels into

allowable combinations for sub-band channels;

using a diversity sub-channelization tree in time
and/or frequency to organize diversity sub-channels into

allowable combinations for diversity channels.
41. The method of claim 40 further comprising:

using a bitmap or region identifiers to indicate
which of the allowable combinations of sub-band basic access
units are being used as sub-band channels, and which of the
allowable combinations of diversity sub-channels are being used

as diversity channels.
42. The method of claim 41 further comprising:

for each sub-band channel or diversity sub-channel,

sending a respective user identifier.

43. The method of claim 1 further comprising performing

partial tree activation by:

using a respective sub-channelization tree to
organize sub-channels into allowable channels for at least one
of diversity channel definition and sub-band channel

definition;
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for at least one sub-channelization tree activating a
portion of the sub-channelization tree and sending information

identifying the portion;

assigning channels from the portion of the sub-

channelization tree.

44 . The method of claim 43 wherein activating a portion
of the sub-channelization tree comprises activating a certain

set of consecutive levels within the tree.

45, The method of claim 43 wherein activating a portion
of the sub-channelization tree comprises activating a
respective set of consecutive levels within the tree for each

of a respective set of at least one defined top node.

4¢. The method of claim 45 wherein the set of consecutive
levels are defined by a respective top level and a respective

bottom level for each top node.

47. The method of claim 45 wherein the set of consecutive
levels are defined by the top node and a respective bottom

level for the top node.

48. The method of claim 43 wherein activating a portion

of the sub-channelization tree comprises:

employing a first bitmap to identify a subset of

ncdes of the sub-channelization tree that are active.

49. The method of claim 48 further comprising:

using a second bitmap to identify which nodes of the
subset of nodes are being assigned, and for each node being

assigned, assigning a user identifier.

50. The method of claim 43 further comprising:
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updating the partial tree activation from time to

time.

51. The method of claim 50 wherein updating the partial

tree activation from time to time comprises:

sending update information only for segments of the

tree that have changed.

52. The method of claim 51 comprising, for each segment

to be changed:

sending an indication of the segment that is to be

changed;
sending updated activation information for the
segment.
53. The method of claim 1 further comprising:
dynamically powering off a partial resource of
bendwidth.
54. The method of claim 13 further comprising:
dynamically powering off a partial resource of
bandwidth.
5E. The method of claim 54 further comprising sending

information identifying which resources have been powered off.

5¢. The method of claim 55 wherein sending information

identifying which resources have been powered off comprises one

of:

sending a two dimensional bit map indicating which

resource blocks are powered off;

sending a one dimensional bit map indicating which

sub-bands are powered off;
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sending a one dimensional bit map indicating which
sub-bands are powered off at some point in the slot, and
sending additional information indicating when they are powered

off within the slot.
T The method of claim 1 further comprising:

scheduling each receiver to either a sub-band channel
or a diversity channel as a function of information received

from receivers.
58. The method of claim 57 further comprising:
defining a priority for each receiver;

attempting to schedule each receiver in order of

priority.

5%, The method of claim 58 wherein attempting to schedule

each receiver in order of priority comprises:

if the receiver is a sub-band channel receiver,

attempting to assign a sub-band channel to the receiver:;

if the receiver is a diversity channel receiver,

attempting to assign a diversity channel to the receiver.

6C. The method of Figure 59 wherein attempting to assign

a sub-band channel to the receiver comprises:

receiving a selection of one or selected sub-bands

the receiver has chosen;

if the selected sub-band are available, determining
if scheduling the receiver using the selected sub-bands will
irpact already scheduled diversity users and if not scheduling

the receiver using the available selected sub-bands;
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if the selected sub-band are available and
scheduling the receiver using the selected sub-bands will
impact already scheduled diversity users, attempting to re-
schedule at least one impacted diversity user and if successful
in re-scheduling the receiver using the available selected sub-

bands.
61. The method of claim 1 further comprising:

allocating some resources persistently over multiple

slots and allocating other resources non-persistently.
2. The method of claim 61 further comprising:

allocating some resources persistently at the
beginning of each slot, and signalling information indicating
how much resource has been allocated persistently, with non-

persistent allocations following the persistent allocations.

63. The method of claim 61 further comprising using
asynchronous HARQ for retransmission, and assigning all
retransmitted packets a higher priority than non-retransmitted

peckets.
64. A method according to claim 1 further comprising:

for a given scheduling period, allocating sub-band

channels up to an allocation threshold.

6C. The method of claim 64 wherein for a given scheduling
period, allocating sub-band channels up to an allocation

threshold comprises:

allocating sub-band channels first up to the

allocation threshold;

defining diversity channels using sub-carriers left

over after sub-band channel assignment.
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66. The method of claim 64 wherein for a given scheduling
period, allocating sub-band channels up to an allocation

threshold comprises:

allocating sub-band channels up to the allocation

threshold;

defining diversity sub-channels using all OFDM sub-
carriers, and allocating diversity sub-channels to diversity

channels;

transmitting each diversity channel punctured in sub-
carrier locations that are common between the diversity channel

and an assigned sub-band channel.
67 . The method of claim 1 further comprising:

persistently allocating a sub-band or diversity

channel transmission resource for VoIP traffic.
68 . The method of claim 67 further comprising:

using one of two MCS (modulation and coding scheme)
levels VoIP traffic by assigning one of the two MCS levels at a
beginning of a call and only changing the MCS level if a
significant change in a receiver’s average reported CQI is

detected.
69. The method of claim 68 further comprising:

if a mobile station reports a CQI that maps to a
higher MCS than an operating MCS, decreasing a transmit power
by an amount specified for the difference between the two MCS

levels; and

if the mobile station reports a CQI that maps to a
lcwer MCS than the operating MCS then performing no power

acjustment.
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70. A method comprising:

receiving OFDM symbols using a plurality of sub-

carriers within an OFDM band;

the OFDM symbols collectively containing diversity
channels and sub-band channels, each diversity channel
utilizing a plurality of sub-carriers distributed across the
OFDM band, and each sub-band channel utilizing a contiguous set

of sub-carriers within the OFDM band;

at least some of the OFDM symbols simultaneously
including sub-carriers utilized by a sub-band channel and sub-

carriers utilized by a diversity channel;

receiving signalling information indicating which

diversity channel or sub-band channel to extract.

1. The method of claim 70 further comprising:

receiving signalling information allowing a
determination of how diversity channels and sub-band channels

are defined.

72. The method of claim 71 wherein the signalling
information comprises an identification of which sub-carriers
are occupied by sub-band channels, the diversity channels being

systematically defined using left over sub-carriers.

73. A receiver adapted to implement the method of claim
71.

74, A transmitter adapted to implement the method of
claim 1.

75. A transmitter comprising:

an OFDM modulator that produces OFDM symbols for

transmission from a plurality of inputs;
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a channelizer that maps symbols to inputs of the OFDM
modulator such that the OFDM symbols collectively contain
diversity channels and sub-band channels, each diversity
channel utilizing a plurality of sub-carriers distributed
across an OFDM band, and each sub-band channel utilizing a
contiguous set of sub-carriers within the OFDM band, such that
at least some of the OFDM symbols simultaneously including sub-
carriers utilized by a sub-band channel and sub-carriers

utilized by a diversity channel.
76. A system comprising:
at least one transmitter and at least one receiver;

the at least one transmitter and the at least one
receiver communicating using OFDM symbols that collectively
contain diversity channels and sub-band channels, each
diversity channel utilizing a plurality of sub-carriers
distributed across an OFDM band, and each sub-band channel
utilizing a contiguous set of sub-carriers within the OFDM
band, such that at least some of the OFDM symbols
simultaneously including sub-carriers utilized by a sub-band

channel and sub-carriers utilized by a diversity channel.
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