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CLAIMS

What is claimed is:

1. A method to allocate resources for wireless communicationg
grouping downlink control channels from multiple subfi
ordering the downlink control channels across downli ¢ subframes having a first

control channel element located in a first symbol map an ociated with reserved

resources for an uplink channel; and
employing a symbol first mapping or a mixeymbol]subframe first mapping to

efficiently allocate the resources,

2, The method of claim 1, the control gitannel element (CCE) is located across

downlink (DL) subframes where a first C£E is located in a first orthogonal frequency
division muitiplex (OFDM) symbol to a band-edge of the reserved resources for

uplink (UL) dynamic acknowledge:nt/negative—acknowiedgement (ACK/NACK).

3. The method of claim }fthe downlink control channel is associated with a

physical downlink control gfannel (PDCCH),

laim 2, further comprising ordering downlink control channels

a second OFDM symbol.

4. The method "
having a first CCE

of claim 4, further comprising ordering downlink control channels
¥t CCE in a third OFDM symbol.

5. The
having a fi

6. method of claim 5, further comprising ordering downlink control channels

a first CCE in a fourth OFDM symbol.

/7. The method of claim 1, further comprising scheduling unused resources for

Physical uplink shared channel (PUSCH) transmissions.
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8. The method of claim 1, further comprising ordering remaining downli

channels not associated with a first CCE in a first downlink subframe.

9. The method of claim 8, further comprising ordering remaining gownlink control

channels not associated with the first CCE or the first downlink subffime in a second

downlink subframe.

10.  The method of claim 9, further comprising orderingifemaining downlink control

channels not associated with the first CCE or the first dg#nlink subframe or the second

downlink subframe in a third subframe.

1. The method of claim 8, further comprisifig scheduling unused resources for
Physical uplink shared channcl (PUSCH) t
12, The method of claim 1, furthergomprising evenly distributing data control
channels across multiple subframes
[3.  The method of claim 12 further comprising processing a symmetric number of

downlink and uplink resou

14, airn 1, further comprising processing the downlink channels in

tvision duplex or frequency division duplex systems or half

coptrol channel element located in a first symbol map and associated with reserved
sources for an uplink channel, and processing a symbol first mapping or a mixed-
symbol/subframe first mapping to allocate the resources; and

a processor that exccutes the instructions.
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16.  The apparatus of claim 15, the control channel element (CCE) is located acrosé

downlink (DL) subframes where a first CCE is located in a first orthogonal frequenéy

17.  The apparatus of claim 16, further comprising downlink contr
a first CCE in a second OFDM symbol.

annels having

18.  The apparatus of claim 17, further comprising a scheduler to process unused

resources for Physical uplink shared channel (FUSCH) trangfissions.
19. A communications apparatus, comprising:

means for processing multiple control changtls from one or morc subframes;

means for sequencing the control channgls across downlink subframes having a

first control channel element located in a firssymbol map and associated with reserved
resources for an uplink channel; and 7
means for generating a symbolst mapping or a mixed-symbol/subframe first

mapping to process the resources.

20. A computer-readable pfedium, comprising:

processing multiplontrol channels from one or more subframes;

reordering the cg , channels across downlink subframes having a first control
channel element loc in a first symbol map associated with reserved resources; and

transmitti -_ symbol first mapping or a mixed-symbol/subframe first mapping

to allocate the gsources.

21. - that executes the following instructions:
onitoring multiple control channels from a plurality of subframes;

spreading the control channels across downlink subframes having a first control

#hannel element located in a first symbol map associated with reserved resources; and

transmitting a symbol first mapping or a mixed-symbol/subframe first mapping

to distribute the resources.
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22, A method to process resources for wireless communications, comprising:

receiving downlink control channels from multiple subframes;
processing the downlink control channels across downlink subframes hav

first control channel element located in a first symbol map and associated withdeserved

resources for an uplink channel; and
processing a symbol first mapping or a mixed-symbol/subframe st mapping to

efficiently allocate the resources.

23.  The method of claim 22, the control channel element (C@E) is located across

downlink (DL) subframes where a first CCE is located in a fj orthogonal frequency

he reserved resources for

ledgement (ACK/NACK).

division multiplex (OFDM) symbol map to a band-edge
uplink (UL) dynamic acknowledgement/negative-ackn

24, The method of claim 23, further comp
Physical uplink shared channel (PUSCH) trat

1sing scheduling unused resources for

25. A communications apparatu mprising:

a memory that retains instryfctions for receiving control channels from multiple

subframes, processing the contydl channels across subframes having a first control

channel element located in adirst symbol map and associated with reserved resources

for an uplink channel, ang/processing a symbol first mapping or a mixed-

symbol/subframe first ghapping to allocate the resources; and

a processor ghat executes the instructions.

26. A cormpinunications apparatus, comprising:
for processing multiple control channels from one or more subframes;
for receiving the control channels from downlink subframes having a first
n channel element located in a first symbol map and associated with reserved
rgh ources for an uplink channel; and
means for processing a symbol first mapping or a mixed-symbol/subframe first

mapping to process the resources.
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27. A computer-readable medium, comprising:

processing multiple control channels from one or more subframes;

allocate the resources.

28. A processor that executes the following instructions:

distribute the resources.
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CLAIMS

1. A method to allocate resources for wireless communications, comprising:

grouping downlink control channels from multiple subframes;

mapping the downlink control channels to control channel elements (CCEs), wherein the
mapping comprises ordering downlink control channels of the grouped downlink control
channels in an effort to locate first CCEs of multiple downlink control channels to locations that
implicitly map to a first set of resources reserved for uplink (UL) dynamic
acknowledgement/negative-acknowledgment (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission, wherein the mapping comprises:

ordering a first one or more downlink control channels, of the grouped downlink control
channels, in an effort to locate first CCEs of the first one or more downlink control channels to
locations in a first subframe that implicitly map to the first set of resources; and

ordering a second one or more downlink control channels, of the grouped downlink
control channels, in an effort to locate first CCEs of the second one or more downlink control
channels to locations in a second subframe that implicitly map to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE in the first subframe for mapping to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE or the first subframe in the second subframe for mapping to the
first set of resources; and

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE, the first subframe, or the second subframe in a third downlink
subframe for mapping to the first set of resources; and

transmitting the downlink control channels in accordance with the mapping.

2. The method of claim 1, wherein the downlink control channels are associated with
physical downlink control channels (PDCCHs).

3. A communications apparatus, comprising:

a memory that retains instructions for:

grouping downlink control channels from multiple subframes;

mapping the downlink control channels to control channel elements (CCEs), wherein the
mapping comprises ordering downlink control channels of the grouped downlink control
channels in an effort to locate first CCEs of multiple downlink control channels to locations that
implicitly map to a first set of recourses reserved for uplink (UL) dynamic
acknowledgment/negative-acknowledgement (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission, wherein the instructions for mapping comprise:

ordering a first one or more downlink control channels, of the grouped downlink control
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channels, in an effort to locate first CCEs of the first one or more downlink confrol channels to
locations in a first subframe that implicitly map to the first set of resources; and

ordering a second one or more downlink control channels, of the grouped downlink
control channels, in an effort to locate first CCEs of the second one or more downlink control
channels to locations in a second subframe that implicitly map to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE in the first subframe for mapping to the first set of resources;

ordering downlink contro} channels, of the grouped downlink control channels, not
associated with the first CCE or the first subframe in the second subframe for mapping to the
first set of resources; and

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE, the first subframe, or the second subframe in a third downlink
subframe for mapping to the first set of resources; and

transmitting the downlink control channels in accordance with the mapping; and

a processor that executes the instructions.

4. A communications apparatus, comprising:

means for grouping downlink control channels from multiple subframes;

means for mapping the downlink control channels to control channel elements (CCEs),
wherein the mapping comprises ordering downlink control channels of the grouped downlink
control channels in an effort to locate first CCEs of multiple downlink control channels to
locations that implicitly map to a first set of resources reserved for uplink (UL) dynamic
acknowledgement/negative-acknowledgment (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission, wherein the means for mapping comprises:

means for ordering a first one or more downlink control channels, of the grouped
downlink control channels, in an effort to locate first CCEs of the first one or more downlink
control channels to locations in a first subframe that implicitly map to the first set of resources;
and

means for ordering a second one or more downlink control channels, of the grouped
downlink control channels, in an effort to locate first CCEs of the second one or more downlink
control channels to locations in a second subframe that implicitly map to the first set of
resources;

means for ordering downlink control channels, of the grouped downlink control channels,
not associated with the first CCE in the first subframe for mapping to the first set of resources;

means for ordering downlink control channels, of the grouped downlink control channels,
not associated with the first CCE or the first subframe in the second subframe for mapping to the
first set of resources; and

means for ordering downlink control channels, of the grouped downlink control
channels, not associated with the first CCE, the first subframe, or the second subframe in a third
downlink subframe for mapping to the first set of resources; and

means for transmitting the downlink control channels in accordance with the mapping,.
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5. A non-transitory computer-readable medium having instructions stored thereon, the
instructions comprising code for causing at least one computer to:

group downlink control channels from multiple subframes;

map the downlink control channels to control channel elements (CCEs), wherein the
mapping comprises ordering downlink control channels of the grouped downlink control
channels in an effort to locate first CCEs of multiple downlink control channels to locations that
implicitly map to a first set of resources reserved for uplink (UL) dynamic
acknowledgement/negative-acknowledgment (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission, wherein the mapping comprises:

ordering a first one or more downlink control channels, of the grouped downlink control
channels, in an effort to locate first CCEs of the first one or more downlink control channels to
locations in a first subframe that implicitly map to the first set of resources; and

ordering a second one or more downlink control channels, of the grouped downlink
control channels, in an effort to locate first CCEs of the second one or more downlink control
channels to locations in a second subframe that implicitly map to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE in the first subframe for mapping to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE or the first subframe in the second subframe for mapping to the
first set of resources; and

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE, the first subframe, or the second subframe in a third downlink
subframe for mapping to the first set of resources; and

transmit the downlink control channels in accordance with the mapping.

6. A method to allocate resources for wireless communications, comprising:

grouping downlink control channels from multiple subframes;

mapping the downlink control channels to control channel elements (CCEs), wherein the
mapping comprises ordering downlink control channels of the grouped downlink control
channels in an effort to locate first CCEs of multiple downlink control channels to locations that
implicitly map to a first set of resources reserved for uplink (UL) dynamic
acknowledgement/negative-acknowledgment (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission, wherein the mapping comprises:

ordering a first one or more downlink control channels, in an effort to locate first CCEs
of the first one or more downlink control channels to locations in a first subframe that implicitly
map to the first set of resources; and

ordering a second one or more downlink control channels, of the grouped downlink
control channels, in an effort to locate first CCEs of the second one or more downlink control
channels to locations in a second subframe that implicitly map to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE in the first subframe for mapping to the first set of resources;
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ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE or the first subframe, in the second subframe for mapping to the
first set of resources; and

transmitting the downlink control channels in accordance with the mapping.

7. The method of claim 6, the downlink control channels are associated with a physical
downlink control channels (PDCCHs).

8. A communications apparatus, comprising:

a memory that retains instructions for;

grouping downlink control channels from multiple subframes;

mapping the downlink control channels to control channel elements (CCEs), wherein the
mapping comprises ordering downlink control channels of the grouped downlink control
channels in an effort to locate first CCEs of multiple downlink control channels to locations that
implicitly map to a first set of recourses reserved for uplink (UL) dynamic
acknowledgment/negative-acknowledgement (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission, wherein the instructions for mapping comprise:

ordering a first one or more downlink control channels, of the grouped downlink control
channels, in an effort to locate first CCEs of the first one or more downlink control channels to
locations in a first subframe that implicitly map to the first set of resources; and

ordering a second one or more downlink control channels, of the grouped downlink
control channels, in an effort to locate first CCEs of the second one or more downlink control
channels to locations in a second subframe that implicitly map to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE in the first subframe for mapping to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE or the first subframe, in the second subframe for mapping to the
first set of resources; and

transmitting the downlink control channels in accordance with the mapping; and

a processor that executes the instructions.

0. A communications apparatus, comprising:

means for grouping downlink control channels from multiple subframes;

means for mapping the downlink control channels to first control channel elements
(CCEs), wherein the mapping comprises ordering downlink control channels of the grouped
downlink control channels in an effort to locate first CCEs of multiple downlink control channels
to locations that implicitly map to a first set of resources reserved for uplink (UL) dynamic
acknowledgement/negative-acknowledgment (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission, wherein the means for mapping comprises:
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means for ordering a first one or more downlink control channels, of the grouped
downlink control channels, in an effort to locate first CCEs of the first one or more downlink
control channels to locations in a first subframe that implicitly map to the first set of resources;
and

means for ordering a second one or more downlink control channels, of the grouped
downlink control channels, in an effort to locate first CCEs of the second one or more downlink
control channels to locations in a second subframe that implicitly map to the first set of
Tesources;

means for ordering downlink control channels, of the grouped downlink control channels,
not associated with the first CCE in the first subframe for mapping to the first set of resources;

means for ordering downlink control channels, of the grouped downlink control channels,
not associated with the first CCE or the first subframe, in the second subframe for mapping to the
first set of resources; and

means for transmitting the downlink control channels in accordance with the mapping.

10. A non-transitory computer-readable medium having instructions stored thereon, the
instructions comprising code for causing at least one computer to:

group downlink control channels from multiple subframes;

map the downlink control channels across to control channel elements (CCEs), wherein
the mapping comprises ordering downlink control channels of the grouped downlink control
channels in an effort to locate first CCEs of multiple downlink control channels to locations that
implicitly map to a first set of resources reserved for uplink (UL) dynamic
acknowledgement/negative-acknowledgment (ACK/NACK) such that a second set of the
resources reserved for UL dynamic ACK/NACK can be used by physical uplink shared channel
(PUSCH) transmission;

wherein the mapping comprises:

ordering a first one or more downlink control channels, of the grouped downlink control
channels, in an effort to locate first CCEs of the first one or more downlink control channels to
locations in a first subframe that implicitly map to the first set of resources; and

ordering a second one or more downlink control channels, of the grouped downlink
control channels, in an effort to locate first CCEs of the second one or more downlink control
channels to locations in a second subframe that implicitly map to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE in the first subframe for mapping to the first set of resources;

ordering downlink control channels, of the grouped downlink control channels, not
associated with the first CCE or the first subframe, in the second subframe for mapping to the
first set of resources; and

transmit the downlink control channels in accordance with the mapping.



