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DOWNLINK CONTROL CHANNEL
SIGNALING IN WIRELESS
COMMUNICATION SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of co-pending,

U.S. patent application Ser. No. 11/466,720, filed Aug. 23,
2006.

FIELD OF THE DISCLOSUR.

(L.

The present disclosure relates generally to wireless com-
munications and more particularly to downlink control chan-
nel signaling over shared channels 1n wireless communica-
tion networks, corresponding entities and methods.

BACKGROUND

In the Long Term Evolution (LTE) of UMTS Terrestnal
Radio Access (UTRA) and UTRA Network (UTRAN) speci-
fications, multiple approaches for scheduling downlink data
transmission are being proposed. In particular, time division
multiplexing (TDM) and frequency division multiplexing,
(FDM) methods, including hybrids thereof, have been pro-
posed 1n addition to separate and joint coding of control
channel signaling. In TDM or FDM transmissions of control
channel signaling, the control information for downlink and
uplink assignments may be transmitted over the first one or
two symbols of the downlink frame or may be spread out over
the length of a sub-frame, which may be, for example, o1 0.5
ms duration, though other values are also possible. In jointly
coded downlink and uplink control information schemes, all
the control information relates to the sub-frame carrying the
control information. A duration field has been proposed to
indicate the validity of the current assignment in one sub-
frame for subsequent, adjacent sub-irames. All these pro-
posed methods however deal with controlling data transmis-
sion based on a sub-frame of 0.5 ms and a transmission time
interval (T'TT) that 1s a multiple of 0.5 ms.

The various aspects, features and advantages of the disclo-
sure will become more fully apparent to those having ordi-
nary skill 1n the art upon caretul consideration of the follow-
ing Detailed Description and the accompanying drawings
described below. The drawings may have been simplified for
clarity and are not necessarily drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates a wireless communication system.

FIG. 2 illustrates a radio frame comprising multiple sub-
frames and a control channel.

FIG. 3 illustrates radio frame comprising multiple sub-
frames and a control channel including resource allocation
fields.

FI1G. 4 1llustrates another radio frame comprising multiple
sub-frames and a control channel including resource alloca-
tion fields.

FI1G. 5 1llustrates another radio frame comprising multiple
sub-frames.

DETAILED DESCRIPTION

In FIG. 1, a wireless communication system 100 comprises
multiple cell serving base stations forming a cellular network
distributed over a geographical region, wherein each cell may
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2

comprise one or more sectors. In one embodiment, the com-
munication system utilizes OFDMA or a next generation
single-carrier based FDMA architecture for uplink transmis-
sions, such as interleaved FDMA (IFDMA), Localized
FDMA (LFDMA), DFT-spread OFDM (DFT-SOFDM) with
IFDMA or LEDMA.

Single-carrier based FDMA approaches are attractive in
that they improve performance when assessed using contem-
porary wavelform quality metrics, which may include peak-
to-average power ratio (PAPR) or the so-called cubic metric
(CM). These metrics are good indicators of power backoll or
power de-rating necessary to maintain linear power amplifier
operation, where “linear” generally means a specified and
controllable level of distortion both within the signal band-
width generally occupied by the desired wavetorm and in
neighboring frequencies. While these SC-FDMA approaches
can be classified as single-carrier based transmission schemes
with a much lower peak-to-average power ratio than OFDM,
they can also be classified as multi-carrier schemes because
they are block-orniented like OFDM and can be configured to
occupy only a certain set of “sub-carriers™ 1n the frequency
domain like OFDM. Thus IFDMA and DFT-SOFDM can be
classified as both single-carrier and multi-carrier since they
have single carrier characteristics in the time domain and
multi-carrier characteristics in the frequency domain. On top
of the baseline transmission scheme, the architecture may

also 1include the use of spreading techniques such as direct-
sequence CDMA (DS-CDMA), multi-carrier CDMA (MC-

CDMA), multi-carrier direct sequence CDMA (MC-DS-
CDMA), Orthogonal Frequency and Code Division
Multiplexing (OFCDM ) with one or two dimensional spread-
ing, or simpler time and frequency division multiplexing/
multiple access techniques.

In order to retain the low PAPR or CM property of IFDMA/
DFT-SOFDM, only a single IFDMA code could be transmiut-
ted by each user which leads to a time division multiplexing
(TDM) of pilot or reference symbol blocks, where data and
pilots of a particular user are not mixed within the same
symbol block. This allows the low PAPR property to be
preserved and also enables the pilot to remain orthogonal
from the data 1n multi-path channels, since there 1s conven-
tionally a cyclic prefix between blocks.

In FIG. 1, the one or more base units 101 and 102 comprise
one or more transmitters and one or more receivers that serve
a number of remote units or terminals within a sector. The
number of transmitters may be related, for example, to the
number of transmit antennas 109 at the base unit. The base
units 101 and 102 communicate with remote umts 103 and
110 and perform functions such as scheduling the mobile
terminals to receive or transmit data using available radio
resources. A base unit may also be referred to as an access
point, access terminal, Node-B, or by similar terminologies
from the art. A remote unit comprises one or more transmit-
ters and one or more recervers. The number of transmitters
may be related, for example, to the number of transmit anten-
nas at the remote unit. A remote unit may also be referred to
as a subscriber unit, a mobile unit, a user, a terminal, a sub-
scriber station, user equipment (UE), a user terminal or by
similar terminology 1n the art. The network also comprises
management functionality including data routing, admission
control, subscriber billing, terminal authentication, etc.,
which may be controlled by other network entities, as 1s
known generally by those having ordinary skill in the art.
When multiple antennas are used to serve each sector to
provide various advanced communication modes (e.g., adap-
tive beam-forming, transmit diversity, transmit SDMA, and
multiple stream transmaission, etc.), multiple base units can be
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deployed. These base units within a sector may be highly
integrated and may share various hardware and software
components. For example, all base units co-located together
to serve a cell can constitute what 1s traditionally known as a
base station. Base unmits 101 and 102 transmit downlink com-
munication signals 104 and 105 to serving remote units on at
least a portion of the same resources (time and/or frequency).
Remote units 103 and 110 communicate with one or more
base units 101 and 102 via uplink communication signals 106
and 113.

Generally, a wireless communication network infrastruc-
ture scheduling entity located, for example, 1n a base station
101, 102 1n FIG. 1, allocates or assigns radio resources to
wireless communication entities 1n the wireless communica-
tion network. The base stations 101, 102 each include a
scheduler for scheduling and allocating resources to mobile
terminals 1n corresponding cellular areas. In multiple access

schemes such as those based on OFDM methods and the long
term evolution of UTRA/UTRAN Study Item 1n 3GPP (also

known as evolved UTRA/UTRAN (EUTRA/EUTRAN)),
scheduling may be performed 1n the time and frequency
dimensions using a Frequency Selective (FS) scheduler. In
some embodiments, each mobile terminal may provide a per
frequency band channel quality indicator (CQI) to the base
station scheduler to enable FS scheduling.

In OFDM systems or OFDM like systems such as DFT-
SOFDM and IFDMA, a resource allocation 1s the frequency
and time allocation that maps information for a particular UE
to sub-carrier resources from a set of available sub-carriers as
determined by the scheduler. This allocation may depend, for
example, on the frequency-selective channel-quality 1indica-
tion (CQI) reported by the UE to the scheduler. The channel-
coding rate and the modulation scheme, which may be dii-
terent for different portions of the sub-carrier resources, are
also determined by the scheduler and may also depend on the
reported CQI. In some applications, the UE may not be
assigned consecutive sub-carriers. For example, 1t could be
assigned every Qth sub-carrier (equally spaced, non-consecu-
tive) of the entire or a portion of the available system sub-
carriers to improve Irequency diversity. The available system
sub-carriers may be grouped 1into one or more resource blocks
(RB) wherein each resource block comprises the same (com-
mon) number of sub-carriers. A resource assignment to a UE
can be a resource block or a fraction thereof. More generally,
a resource assignment or allocation 1s a fraction of multiple
resource blocks.

In one embodiment, a single TTT has a length of 1 ms or 2
ms wherein the TTI 1s segmented 1into two sub-frames each
having a 0.5 ms length. Such a construction however implies
the need to address multiple resource blocks, 1.e., more than
the number of resource blocks 1n a single 0.5 ms sub-frame,
unless the resource block (RB) definition 1s expanded to
automatically define the RB as extending over the entire
length of the TTI, without regard for the TTI duration. This
can lead to inefliciency, however, 1n the form of excessive
per-RB capacity. In case the RB 1s defined to extend over a
fraction of the length of the TTI, 1t would be possible to
independently address each of the resource blocks 1n the
multiple sub-frames making up the TTI. Accordingly mecha-
nisms are required to signal resource assignments in the case
of a frame or TTI composed of concatenated sub-frames.
Furthermore, mechanisms are required to be able to assign
resources based on the needs of individual UE wherein fewer
resources are assigned to a UE served smaller packets while
more resources are assigned to UE served with larger packets.
In the case of UMTS (Universal Mobile Telecommunications
System), a TT1 1s defined as the length of time over which a
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4

transmission or transport block 1s transmitted. A transmission
block or transport block 1s composed of a block of jointly
coded data protected by a single CRC. In the present instance,
an alternate definition of TTI could be the length of transmis-
sion controlled by a single instance of control channel signal-
ng.

In general, 1t 1s possible to define resource blocks of vary-
ing dimensionality 1 frequency and time domains to be
operational simultaneously. Different terminals can then be
signaled as to the resource block sizes that are operational for
that particular terminal. For example, a TTI of 1 ms can be
defined using two 0.5 ms sub-frames. In one embodiment, a
first terminal can be assigned resources in thus TTI using
resource blocks consisting of 25 contiguous sub-carriers over
a length of 1 ms, while a second terminal can be assigned
resources using resource blocks consisting of 235 contiguous
sub-carriers over a length of 0.5 ms. The former assignment
could be useful 1n the case of terminals being served with data
services requiring the transmission of long packets while the
latter could be useful in the case of short packet services such
as voice. Thus the resources within a single frame consisting
of a continuum of concatenated sub-frames are logically
divided 1nto prototype or candidate resource blocks, that is,
resource blocks of varying sizes super-posed over each other.
Different terminals are signaled the assignment of these
resource blocks by first pre-assigning the ‘type’ of resource
block that 1s being assigned using higher layer or static sig-
naling and then by dynamically assigming the respective
resource block type using the control channel. In one embodi-
ment, the resource blocks all have the same dimensions and
are non-overlapping. In another embodiment, resource
blocks may be defined 1n the spatial domain. In such a case, all
resource blocks may have identical dimensions (frequency
and time) and overlap spatially. SDMA transmission to two or
more users 1n the same resource block may therefore be
accomplished. In one embodiment of SDMA, paired (or more
than two) users share the same resources 1n a frame, as the
pairing 1s expected to be appropriate for the frame duration.
Such resources may vary from sub-frame to sub-irame within
the TTI, but vary 1n the same fashion to retain the pairing.

In one implementation, a scheduling entity allocates a first
radio resource comprising at least one time-frequency
resource block of a first minimum size, and allocates a second
radio resource comprising at least one time-frequency
resource block of a second minimum si1ze, wherein the first
and second radio resources are allocated from a common set
of time-frequency radio resources. The first and second radio
resources are allocated for use by at least one wireless com-
munication terminal during a common transmit time interval
constituting at least one sub-frame. More generally, the trans-
mit time 1nterval constitutes a concatenated series of at least
two sub-frames. The first and second radio resources may be
allocated to a common wireless communication terminal or to
different terminals.

In FIG. 2, a radio frame 200 comprises a plurality of sub-
frames 210, 220, 230, 240 . . . wherein each sub-frame
includes time-frequency resource elements and at least one
sub-frame includes a control channel. In some embodiments,
the plurality of sub-frames forms a continuum of concat-
enated sub-frames as illustrated in FIG. 2. In other embodi-
ments, sub-frames, for example, sub-frames containing mul-
ticast data, are interspersed within a chain of unicast frames.
For example, 1 ms TTIs each comprised of 2 sub-frames may
be time multiplexed with longer (e.g., 2.5 or 5 ms sub-frames)
broadcast TTIs. The multiplexing may be restricted such that
only certain combinations of 1 ms unicast and 2.5 ms multi-
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cast sub-frames are possible within the boundaries of a radio
frame, e.g., a radio frame of length 10 ms.

In some embodiments, the control channel constitutes part
of a single frame. In FIG. 2, for example, the control channel
212 1s part of sub-frame 210. In other embodiments the con-
trol channel 1s distributed among several radio sub-frames. In
yet another embodiment, a portion of the control channel
could be contained within one sub-frame and transmitted 1n a
TDM or TDM/FDM fashion by occupying the first one or two
symbols, while the remaining part of the control channel 1s
distributed among the many symbols making up one sub-
frame or multiple sub-frames in a TDM/FDM fashion. In one
example ofa TDM/FDM control channel, the TDM portion in
a first sub-frame may i1dentily a user and an FDM resource
allocation (resource block and/or sub-frame) on which the
remainder of the in-band control information 1s sent. An
uplink assignment may istead be sent 1n a frequency diverse
fashion. In FIG. 2, the control channel 1s also shown distrib-
uted as control information 214 and 216 in sub-frame 210 and
control channel information 224 and 226 1n sub-frame 220.
More typically, the control channel information 1s located 1n
a single frame or distributed among two or more frames.

In one exemplary structure, the first sub-frame can carry
control signaling for the downlink while the second carries
control signaling for the uplink. This structure permits termi-
nals engaged in data transier in only one direction to avoid
decoding the control channel 1n the second sub-frame. Indi-
vidual control channels may be pre-assigned/signaled using
the first sub-frame of the radio frame to permit dynamic
control channel assignment. This would still permit the use of
the control channel resources for data transmission in the
event the scheduler does not require the control channel for
signaling.

In another embodiment, the first sub-frame ot a 1 ms TT]
contains control signaling for downlink assignments while
the second sub-frame contains control signaling for uplink
assignments. The signaling for the uplink assignments may
be made 1n a frequency diverse manner, as 1t 1s likely that the
network does not have information about the channel condi-
tions experienced by the terminal.

In another embodiment, the resource blocks 1n a TTI and
more generally 1n a sub-frame making up the TTI can be
divided 1nto frequency diverse and frequency non-diverse
resource blocks. Such a mapping may be pre-defined based
upon the number of such blocks. For example, 1f 6 of 12
resource blocks are to be frequency diverse, they may com-
prise every other resource block. Different assignment pat-
terns may also be defined for both frequency diverse and
non-diverse resource blocks with the operational pattern
being signaled either statically or through higher layer sig-
naling. Frequency diverse allocations may be indicated
through a common network environment, for example, sys-
tem frame number, base station identifier, etc. In some
embodiments where the time period between changes of the
frequency diverse resource blocks 1s infrequent, the feedback
mechanism, e.g., CQI, for the channel dependent (frequency
selective) blocks can be reduced in bandwidth by not sending
CQI for frequency diverse resource blocks. In addition,
dynamic signaling on the control channel, such as having
frequency diverse resource blocks comprise the resource
blocks remaining after channel dependent resource alloca-
tions are assigned.

Generally, according to one aspect of the disclosure, a
control channel provides radio resource allocation informa-
tion for two or more sub-frames. In one embodiment, the
control channel includes a plurality of resource allocation
fields, for example, a bit map, wherein each resource alloca-
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6

tion field 1s associated with at least one corresponding sub-
frame. In FIG. 3, for example, the control channel includes a
bit map 300 comprising multiple allocation fields 302, 304,
306 and 308. The plurality of resource allocation fields are
used to indicate a resource assignment to the wireless com-
munication device. For the case where the resource allocation

fields 302, 304, 306 and 308 1n FIG. 3 are associated with
sub-frames 310, 320, 330 and 340, the bit map 300 configu-

ration [1 1 O 1] may be interpreted to mean that time-ire-
quency resources 1n sub-frames 310, 320 and 340 have been
allocated to the wireless communication terminal. In other
embodiments, each bit could indicate that resources 1n more

than one sub-frame have been assigned or allocated to the
terminal. In other embodiments, the radio resource allocation
to the mobile station may be indicated by pre-encoding the
bits 1n the allocation fields. For example, the terminal may
reference a look-up table to determine which resources are
allocated by a particular combination of bits 1n the field. FIG.
5 shows an exemplary embodiment with a 1 ms TTI com-
prised of two 0.5 ms sub-frames. User11s assigned a resource
block over both sub-frames, while user 1 1s assigned 1s
assigned a resource block only over 1 sub-frame.

In another embodiment, a frequency diverse resource
assignment 1s indicated by a frequency diverse allocation
field. A frequency diverse resource assignment or allocation
1s a resource allocation wherein the frequency allocation
changes among sub-frames. In FIG. 3, for example, at least
the frequency component of a time-frequency allocation in
sub-frame 310 1s different than the frequency component of
the time-frequency allocation i sub-frame 320. In some
embodiments, the frequency diverse allocation field consti-
tutes part of the control channel, and in other embodiments
the frequency diverse allocation field 1s commumnicated to the
wireless communication terminal over another channel, for
example, via layer 3 signaling.

In one implementation, 1llustrated in FIG. 3, the frequency
diverse allocation field 350 1s a single bit that indicates to the
wireless communication terminal that a radio resource allo-
cation 1s frequency diverse. In such an implementation, the
terminal may use a pre-specified frequency diverse allocation
scheme 1ndicated by the frequency diverse allocation field.
The pre-specified frequency diverse allocation scheme may
be based on the order of the resource allocation to the wireless
communication device, or 1t may be based upon sub-frame
numbering mformation, or the cell in which the terminal 1s
located. More generally, however, a different temporal
dimension of the resource allocation may also be indicated 1n
addition to the change 1n frequency allocation. Alternatively,
a change 1n the temporal allocation may be indicated by some
other bit or information field.

In another embodiment, a frequency diverse allocation
field resides on the control channel wherein the frequency
diverse allocation field indicates frequency diverse resource
allocations 1n multiple sub-frames of the radio frame. In one
embodiment, the frequency diverse allocation field resides on
a single control channel, wherein the frequency diverse allo-
cation field indicates frequency diverse resource allocations
in multiple sub-frames of the radio frame. In FIG. 4, for
example, the radio frame 400 comprises sub-frames 410, 420,
430, 440 . . . . In one embodiment, a frequency diverse allo-
cation field resides on a control channel associated with two
or more sub-frames, wherein the frequency diverse allocation
field indicates frequency diverse resource allocations 1n mul-
tiple sub-frames of the radio frame. In FIG. 4, the frequency
diverse allocation field 4350 indicates frequency diverse
resource allocations in sub-frames 410 and 420.
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The allocation corresponding to a particular bit setting or a
particular combination of bits may be known a priori by the
terminal. In one embodiment, a single bit 1s used to indicate
whether the terminal should use frequency diversity. When a
frequency diverse allocation 1s indicated, the particular allo-
cation may be indicated by some other fields or 1t may be
known a priori. For example, the allocation may be based on
the order 1n which the allocation 1s made by the scheduler or
based upon some other factor or criterion. In one embodi-
ment, the frequency diverse allocation field 1s a bit map com-
prising one or more bits. The bits may be used to encode
different frequency diverse allocations. In one embodiment,
the terminal references a look-up table to determine what
frequency diverse allocation corresponds to a particular bit
combination.

Additional signaling may indicate any of the following
possible resource allocations: The UE 1s assigned the same
resource block in the second (and any subsequent) sub-frame
(s) of the TTI; or the resource allocation corresponds to a
frequency hopped (diverse) resource block; or there 1s no
turther assignment in the frame wherein the term “frame”™ 1n
this disclosure refers to a multi-sub-frame TTT structure. The
above set of enumerated possibilities would require a 2 bit
field. Another 2 bit example 1s to signal, 1n addition to the
resource allocation, the following:

Bits Meaning
00 Both sub-{frames
01 Both sub-frames, hopping
10 1°* sub-frame only

2}:&’

11 sub-frame only

In this example, ‘hopping’ indicates a known method of
changing the resource allocation from one sub-frame to
another. For example, a fixed cell-specific ofiset (modulo the
number of resource blocks) may be applied to all resource

blocks.

More generally, additional control fields may also be used.
For example, a single bit could be used to indicate a contigu-
ous assignment or a frequency diverse pattern, and a bitmap
could signal the assignment over the TTI wherein the bitmap
length 1s dictated by the number of concatenated sub frames
forming the TTI. In this instance, the assignment of a ‘logical’
resource block 1s applicable, where the mapping, 1.e. Ire-
quency diversity, between the logical and physical resource
block (RB) locations 1n each component sub-frame of the TT1
may be constant, 1.¢. the mapping defined for the first sub-
frame of the TTI remains applicable to subsequent sub-
frames, or may vary from sub-frame to sub-frame, where 1t 1s
understood that the logical assignment 1s constant and only
the mapping varies.

In frequency diverse allocation applications, the 1dea can
be extended even 1n the case where an odd number of sub-
frames, or generally more than 2 sub-frames, make up a TT1.
In this case, one bit can indicate whether the assignment
includes a frequency diverse allocation pattern, 1.e. time-
varying logical to physical resource block mapping, or
whether the same allocation 1s being extended over the length
of the frame (T'TI) 1n order to optimally support frequency
selective or frequency diverse scheduling methods. A sepa-
rate bitmap can indicate whether the terminal 1s being
assigned a logical resource block in each of the sub-irames
making up the TTI regardless of whether frequency diversity
1s enabled.
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In one embodiment, a small set of patterns 1s assigned
statically using higher layer signaling, or semi-statically, and
then indexed 1n the dynamic control using the above men-
tioned bit-map. In another embodiment, this set of patterns
could be made dependent on TTI location 1n a 10 ms radio
frame or similar super frame.

In another embodiment, the frequency diverse allocation
pattern can be signaled to be applicable to multiple or all users
addressed 1n a particular T'T1. The applicable pattern can be
determined based on the order in which the terminal 1is
addressed. Additional signaling may be required to signal
which of the embodiments was made operational 1n the event
that more than one scheme 1s supported.

In some embodiments, 1t may be more complex to permit
one assigned user in the TTT to operate on a frequency diverse
allocation while other users do not, since this would require
the logical-physical channel mapping to exclude physical
resource blocks declared as being assigned to non-frequency
diverse users. Accordingly, in some implementations, a single
control bit may be asserted which 1s globally applicable to all
users 1n the sub-frame, and which enables or disables fre-
quency diversity for the entire TTI.

When considering implementations where control infor-
mation 1s transmitted on or more of the sub-frames ofthe TTT,
the control information transmission may be made with sepa-

b

rate coding or joint coding. With separate coding, a UE’s
control information 1s not coded together with another UE’s
control information. In this case bits indicating an assigned
subfield or frequency hopping are added to fields constituting,
the separate assignment. In some cases, blind decoding of
potential allocations (e.g., the UE keeps decoding the RB
across additional sub-frames of the T'TT until a CRC checks)
may be used to reduce signaling. For example, a UE may
decode each of anumber, e.g. 12, resource blocks looking for
a downlink control channel assignment corresponding to that
UE. If an assignment 1s found within a RB, that RB can point
to other RBs for a data assignment. This indication of other
RBs may be 1n a number of contiguous RBs or via a bitmap.
Blind decoding complexity can be reduced by making the RB
with the separate control channel assignment be one of the
RBs reported on with channel quality indication information.

Joint coding ofters efficient source coding of user 1Ds and
resource allocations, in addition to the addressing and 1ire-
quency diverse bits of the disclosure. In one embodiment,
user IDs are listed 1n an order that determines a short ID, for
example, 2 bits for 4 users. Then, 1n the order of the available
RBs the short IDs (or anull ID) are listed. In one embodiment,
two short IDs are assigned per RB. In another embodiment,
the 1-2 bits are assigned per ID and associated with the short
ID. In this case, every RB to a user is treated in the same
manner. In another embodiment, a frequency diverse bit may
be sent once per frame, applied to all terminals. In yet another
embodiment, retransmissions may be done in an a priori
manner requiring less signaling, or signaling only 1n the first
transmission.

While the present disclosure and the best modes thereof
have been described 1n a manner establishing possession and
enabling those of ordinary skill to make and use the same, 1t
will be understood and appreciated that there are equivalents
to the exemplary embodiments disclosed herein and that
modifications and variations may be made thereto without
departing from the scope and spirit of the inventions, which
are to be limited not by the exemplary embodiments but by the
appended claims.

What 1s claimed 1s:

1. A method 1n a wireless communication device, the

method comprising:
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receiving a plurality of sub-frames, each sub-frame having
time-irequency resource elements, at least one of the
sub-frames having a control channel, the plurality of
sub-frames forming a continuum of concatenated sub-
frames;

the control channel including a plurality of resource allo-
cation fields, each resource allocation field associated
with at least one corresponding sub-frame of the plural-
ity of subirames,

cach of the plurality of resource allocation fields indicating,
a resource assignment to the wireless communication
device based on a channel quality report;

the plurality of resource allocation fields indicating
resource assignments 1n sub-frames of the continuum of
concatenated sub-frames:

a sub-frame of the continuum of concatenated sub-frames
including information indicating that at least some of the
resource assignments are frequency diverse; and

allocating, for use by the wireless communication device,
frequency diverse resource components based on the
information indicating that at least some of the resource

assignments are frequency diverse.

2. The method of claim 1, further comprising referencing,
individual resource assignments 1n one or more correspond-
ing sub-frames of the continuum of concatenated sub-irames
via a look-up table.

3. The method of claim 1, wherein the information indi-
cates that the resource assignments are frequency diverse on
the control channel.

4. The method of claim 1, wherein the information indi-
cates that the resource assignments are frequency diverse on
signaling other than the control channel.

5. The method of claim 1, wherein the information indicat-
ing that the resource assignments are frequency diverse 1s
based on a common network environment.

6. The method of claim 1, wherein the information indicat-
ing that the resource assignments are frequency diverse 1s
based on an order of resource allocations to the wireless
communication device.

7. The method of claim 1, wherein the information indicat-
ing that the resource assignments are frequency diverse 1s
based on sub-frame numbering or on system frame number-
ing information.

8. The method of claim 1, further comprising receiving a
downlink resource assignment in a resource allocation field
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on a sub-frame that 1s different than a sub-frame 1n which a
resource allocation field assigning an uplink assignment 1s
received.

9. The method of claim 1, further comprising receving a
mapping of frequency diverse and frequency non-diverse
resources 1n a sub-frame of the continuum of concatenated
sub-frames.

10. The method of claim 1, wherein the information indi-
cating that the resource assignments are frequency diverse 1s
a bit map.

11. The method of claim 1, wherein the information 1ndi-
cating that at least some of the resource assignments fre-
quency diverse includes one or more encoded bits 1 a bit
map.

12. The method of claim 1, wherein the control channel
contains an assignment of resources that are not indicated as
being frequency diverse.

13. The method of claim 1 further comprising sending a
channel quality report for resources not including the
resources that are indicated as being frequency diverse.

14. A method 1in a wireless communication device, the
method comprising:

recerving a plurality of sub-frames constituting part of a

transmit time 1nterval, each sub-frame having time-ire-
quency resource elements, at least one of the sub-frames
having a control channel, the plurality of sub-frames
forming a continuum of concatenated sub-irames;

the control channel including a plurality of resource allo-

cation fields, each resource allocation field associated
with at least one corresponding sub-irame of the plural-
ity of subirames,

cach of the plurality of resource allocation fields indicating,

a resource assignment to the wireless communication

device based on a channel quality report;

the plurality of resource allocation fields indicating
resource assignments in sub-iframes of the continuum of
concatenated sub-frames;:

a sub-frame of the continuum of concatenated sub-frames
including information indicating that at least some of the
resource assignments are frequency diverse among sub-
frames 1n the transmit time interval; and

allocating, for use by the wireless communication device,
frequency diverse resource components based on the
information indicating that at least some of the resource
assignments are frequency diverse among sub-frames in
the transit time 1nterval.
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