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CLAIMS
\\Vj/ hat is claimed 1s:

\g A method for mapping an enhanced physical downlink control channel (¢PDCCH) to
5 hysical resource blocks in a radio frame, comprising:
mapping modulated symbols in the ePDCCH to at least one control channel
ei%ment;
pping the at least one control channel element to at least one of:
resource clements located in a plurality of distributed physical resource
10 blocks i a subframe, wherein each resource block is separated by at least one
additional ¥esource block in the subframe; and
resource elements distributed in a single resource block in the subframe,
wherein the coi\t\sgl channel element is mapped to be distributed in frequency and
time relative to othér mapped resource elements in the single resource block; and
15 applying the mapping to control data to form an ePDCCH configured to be
communicated from an enh;\;} ed Node B (eNB) to a user equipment (UE).

2. The method of claim 1, further comprising mapping the at least one control channel
element to the resource elements [ocated ik the plurality of physical resource blocks in
20 the subframe, wherein each resource block is\separated from another resource block by a

frequency that is at least two times a coherent ba&dwidth of the ePDCCH carrier

frequency. \

3. The method of claim 1, further comprising mapping the \l\iast one control channel
25 element to resource elements to a single resource block pairtin the subframe wherein the
control channel element is mapped in frequency and time to theresource elements in the

single resource block pair.

4. The method of claim 3, further comprising mapping the modulated s3>n\(3\ls in the

30 ePDCCH to the single resource block pair, wherein the control channel ele\fx{ent is
N\
mapped across a slot boundary in the physical resource block pair. \,\
\
kN
x\
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5.

\

The mcthod of claim 1, further comprising mapping the at lcast onc
control channel element to resource elements located in the plurality of physical resource

blocks in the subframe, wherein cach resource block is contiguous in frequency.

6\?\ The method of claim 1, further comprising mapping the at least one control channel

10.

1.

elcilent to the resource elements located in the plurality of physical resource blocks in
the sybframe and to the single resource block in the subframe, wherein the single
resource block contains both contiguous resource elements and resource elements

A : : :
dlstrlbuteNn frequency and time to which the at [east one control channel element is

mapped. \\\

The method of claiig 1, further comprising:

mapping symbels in a localized ePDCCH to a plurality of control channel

clements; and

mapping the plurality of control channel elements to physical resource blocks that
are contiguous in frequencynin the subframe.
The method of claim 1, further comptising mapping the at least one control channel
clement to the resource elements locatediin the plurality of physical resource blocks in
the subframe, wherein the resource elements are grouped into a plurality of resource
element groups, with each resource element grqup consisting of four resource elements

that are contiguous in at least one of time and frequency.

The method of claim 1, further comprising forming disttibuted resource element groups
in one of the plurality of physical resource blocks and the single resource block, wherein
each distributed resource element group consists of four resource elements distributed in

time and frequency.

The method of claim 1, further comprising forming an individual index of the at least one

control channel elements that are mapped to the resource elements in the ¥esource blocks

in the subframe.

The method of claim 1, further comprising forming a global index of the at least one
control channel elements that are mapped to the resource clements in the resource bﬁ ks
in each subframe of the radio frame.

20



10

15

20

25

30

WO 2013/006198 - PCT/US2011/066166

12. The method of claim 1, further comprising configuring reference signal ports to be
located in resource elements in the at least one resource block, wherein the reference
*, signal is selected from the group consisting of a cell specific reference signal (CRS), a
\1gmodulation reference signal (DMRS), and a channel state information reference signal

(CSIRS).

13. The methed of claim 1, further comprising defining a search space, wherein a ePDCCH

candidate m'<0,1,...M (A)—1 at aggregation level A comprises a CCE numbered with

n2M = (A x mi Jmod N2or, where N[5 is the total number of CCEs for the

cce

selected category, i A\O, l,..,A=1and M (A) is a number of ePDCCH candidates bascd

on the aggregation leV;M .
N\
14. An article, comprising a nonft(insitory computer-readable storage medium containing
instructions that if executed by a processor enable a system to:
apply mapping to control data operable to form an extended physical downlink
control channel (¢ePDCCH) configured to be communicated from an enhanced Node B
(eNB) to a user equipment (UE) in a rad?o\f;rame, wherein the mapping is formed by:
mapping modulated symbols ih the ePDCCH to at least one of at least one

localized control channel element and at least one distributed control channel

. >,
element, wherein:

the at least one localized controhchannel element is mapped within
a physical resource block or multiple physical resource blocks that are
contiguous in the frequency domain on a sJ&(ame of the radio frame; and

the at least one distributed control chan&l element is mapped to
distributed resource elements in at least one physical resource block in the
subframe of the radio frame.

N

15. The article of claim 14, further comprising instructions that when execut(;d\b\y a

processor enable the system to: \\\
apply mapping to control data operable to form the ePDCCH configured \\"c}j\be
communicated from the eNB to the UE in the radio frame, wherein the mapping is \\\

formed by: \
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mapping thc modulated  symbols in thc cPDCCH to the at Icast onc
distributed control channel element that is mapped to multiple localized physical

resource blocks that are distributed in frequency in the subframe.

N\

16\.\"£he article of claim 14, further comprising instructions that when executed by a
prbg\essor enable the system to:
apply mapping to control data operable to form the ePDCCH configured to be
communicated from the ¢NB to the UE in the radio frame, wherein the mapping is
formed by\
mapping the at least one localized control channel element and the at least
one distributed control channel element to physical resource blocks in the
subframe of \‘E he radio frame, wherein the subframe includes at least one of the
mapped localize\d\control channel element and the at least one mapped distributed
control channel ele}q\?nt.
\\
17. The article of claim 14, further comprising instructions that when exccuted by a
processor enable the system to:
apply mapping to control data o crable to form the ePDCCH configured to be
communicated from the eNB to the UE in\the radio frame, wherein the mapping is
formed by:
mapping the at least one localized\control channel element and the at least
one distributed control channel element ?o\aphysical resource block in the
subframe of the radio frame, wherein the at plssical resource block includes at

least one of the mapped localized control channel slements and at least one of the

mapped distributed control channel elements.

18. An apparatus, comprising:
an enhanced Node B (eNB) operable to apply mapping to contiol data operable to
form an extended physical downlink control channel (¢PDCCH) configured to be
communicated to a user equipment (UE) in a radio frame, wherein the mapsn\g is formed
by:
mapping modulated symbols in the ePDCCH to at least one of at leagt one
localized control channel element and at [east one distributed control channel

element, wherein:
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the at [castone  localized control channcl clement is mapped
within a physical resource block or multiple physical resource blocks that
arc contiguous in the frequency domain on a subframe of the radio frame;
and
the at least one distributed control channel element is mapped to
\, distributed resource elements in at least one physical resource block in the

subframe of the radio frame.

19. The apparatys of claim 18, wherein the eNB is further configured to:
apply mtapping to control data operable to form the ePDCCH configured to be
communicated from the eNB to the UE in the radio frame, wherein the mapping is
formed by: R
mapping ‘the modulated symbols in the ePDCCH to the at least one
distributed control channel element that is mapped to multiple localized physical

resource blocks that ;\Fe distributed in frequency in the subframe.

20. The apparatus of claim 18, wherei\;\i\the eNB is further configured to:
apply mapping to control dat;%perable to form the ePDCCH configured to be

communicated from the eNB to the UE in «%he radio frame, wherein the mapping is

formed by: x“\\

mapping the at least one localized \control channel element and the at least
one distributed control channel element to physical resource blocks in the
subframe of the radio frame, wherein the subframe includes at Icast one of the
mapped localized control channel element and ths mapped distributed control
channel element. \
\

3,

21. The apparatus of claim 18, wherein the eNB is further conﬁgur\ga\go:
apply mapping to control data operable to form the ePDCCﬁ\gonﬁgured to be
communicated from the eNB to the UE in the radio frame, wherein thé\\mapping is

formed by:
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mapping the at lcast onc  localized control channcl clement and the at
least one distributed control channel element to a physical resource block in the
subframe of the radio frame, wherein the physical resource block includes at least
one of the mapped localized control channel elements and at least one of the

mapped distributed control channel elements.

N

N\
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What is claimed is:

1.

A method for mapping an enhanced physical downlink control channel (ePDCCH) to

physical resource blocks in a radio frame at an enhanced Node B (eNB), comprising:

mapping modulated symbols at the eNB in the ePDCCH to at least one control channel
element (CCE);

mapping the at least one CCE to resource elements located in a plurality of distributed

physical resource blocks in a subframe; and

applying the mapping to control data for scheduling to form an ePDCCH configured to be

communicated from the eNB to a user equipment (UE).

2. The method of claim 1, further comprising mapping the modulated symbols in the

ePDCCH to at least one consecutive CCE.

The method of claim 1, further comprising mapping the at least one CCE to resource
elements located in a plurality of distributed physical resource blocks, wherein each

resource block is separated by at least one additional resource block in the subframe.

The method of claim 1, further comprising mapping the at least one control channel
element to resource elements located in the plurality of physical resource blocks in

the subframe, wherein each physical resource block is contiguous in frequency.

The method of claim 1, further comprising mapping the at least one control channel
element to the resource elements located in the plurality of physical resource blocks
in the subframe and to a single physical resource block in the subframe, wherein the
single physical resource block contains both contiguous resource elements and

resource elements distributed in frequency and time to which the at least one control
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channel element is mapped.

. The method of claim 1, further comprising forming an individual index of the at least
one control channel elements that are mapped to the resource elements in the physical

resource blocks in the subframe.

. The method of claim 1, further comprising forming distributed resource element
groups in one of the plurality of physical resource blocks, wherein each distributed

resource element group consists of resource elements distributed in time and

frequency.

. The method of claim 1, further comprising applying the mapping to the control data
for scheduling to form the ePDCCH configured to be communicated from the eNB to
the UE, wherein the UE includes a microphone, an audio speaker, a liquid crystal
display (LCD) screen, an organic light emitting display screen (OLED), a touch

sensitive screen, or a non-volatile memory port.

. Aenhanced Node B (eNB) operable to apply mapping to control data operable to
form an enhanced physical downlink control channel (ePDCCH) configured to be

communicated to a user equipment (UE) in a radio frame, wherein the mapping

comprises:

mapping modulated symbols in the ePDCCH to at least one control channel element (CCE);

mapping the at least one CCE to resource elements in a single physical resource block in the

subframe; and

applying the mapping to control data for scheduling to form an ePDCCH configured to be

communicated from the eNB to a user equipment UE.

10. The eNB of claim 9, wherein the modulated symbols in the ePDCCH are mapped to

at least one consecutive CCE.
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I1.

12.

13.

14.

15.

16.

The eNB of claim 9, wherein the at least one control channel element is mapped to
resource elements in a single physical resource block pair in the subframe, wherein
the control channel element is mapped in frequency and time to the resource elements

in the single physical resource block pair.

The eNB of claim 11, wherein the modulated symbols in the ePDCCH are mapped to
the single physical resource block pair, wherein the control channel element is

mapped across a slot boundary in the physical resource block pair.

The eNB of claim 9, wherein the at least one control channel element is mapped to
resource elements located in a plurality of physical resource blocks in the subframe
and to the single physical resource block in the subframe, wherein the single physical
resource block contains both contiguous resource elements and resource elements

distributed in frequency and time to which the at least one control channel element is

mapped.

The eNB of claim 9, further comprising an individual index of the at least one control
channel elements that are mapped to the resource elements in the physical resource

block in the subframe.

The eNB of claim 9, wherein the ePDCCH is configured to be communicated from
the eNB to the UE, wherein the UE includes a microphone, an audio speaker, a liquid
crystal display (LCD) screen, an organic light emitting display screen (OLED), a

touch sensitive screen, or a non-volatile memory port.

An article, comprising a non-transitory computer-readable storage medium

containing instructions that if executed by a processor, enable a system to:
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apply mapping to control data operable to form an enhanced physical downlink control channel
(ePDCCH) configured to be communicated from an enhanced Node B (eNB) to a user

equipment (UE) in a radio frame, wherein the mapping is formed by:

mapping modulated symbols in the ePDCCH to at least one of at least one localized control

channel element and at least one distributed control channel element, wherein:

the at least one localized control channel element is mapped within a physical resource block or
multiple physical resource blocks that are contiguous in the frequency domain on a subframe

of the radio frame; and

the at least one distributed control channel element is mapped to distributed resource elements in

at least one physical resource block in the subframe of the radio frame.

17. The article of claim 16, further comprising instructions that when executed by a

processor enable the system to:

apply mapping to control data operable to form the ePDCCH configured to be communicated

from the eNB to the UE in the radio frame, wherein the mapping is formed by:

mapping the modulated symbols in the ePDCCH to the at least one distributed control channel

element that is mapped to multiple localized physical resource blocks that are distributed in

frequency in the subframe.

18. The article of claim 16, further comprising instructions that when executed by a

processor enable the system to:
apply mapping to control data operable to form the ePDCCH configured to be communicated

from the eNB to the UE in the radio frame, wherein the mapping is formed by:

mapping the at least one localized control channel element and the at [east one distributed control
channel element to physical resource blocks in the subframe of the radio frame, wherein the

subframe includes at least one of the mapped localized control channel element and the at
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least one mapped distributed control channel element.

19. The article of claim 16, further comprising instructions that when executed by a

processor enable the system to:

apply mapping to control data operable to form the ePDCCH configured to be communicated

from the eNB to the UE in the radio frame, wherein the mapping is formed by:

mapping the at least one localized control channel element and the at least one distributed control
channel element to a physical resource block in the subframe of the radio frame, wherein the
at physical resource block includes at least one of the mapped localized control channel

elements and at least one of the mapped distributed control channel elements.

20. An apparatus, comprising:
an enhanced Node B (eNB) operable to apply mapping to control data operable to form an

enhanced physical downlink control channel (ePDCCH) configured to be communicated to a

user equipment (UE) in a radio frame, wherein the mapping is formed by:

mapping modulated symbols in the ePDCCH to at least one of at least one localized control

channel element and at least one distributed control channel element, wherein:

the at least one localized control channel element is mapped within a physical resource block or

multiple physical resource blocks that are contiguous in the frequency domain on a subframe

of the radio frame; and

the at least one distributed control channel element is mapped to distributed resource elements in

at least one physical resource block in the subframe of the radio frame.

21. The apparatus of claim 20, wherein the eNB is further configured to:
apply mapping to control data operable to form the ePDCCH configured to be communicated

from the eNB to the UE in the radio frame, wherein the mapping is formed by:
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mapping the modulated symbols in the ePDCCH to the at least one distributed control channel
element that is mapped to multiple localized physical resource blocks that are distributed in

frequency in the subframe.

22. The apparatus of claim 20, wherein the eNB is further configured to:
apply mapping to control data operable to form the ePDCCH configured to be communicated

from the eNB to the UE in the radio frame, wherein the mapping is formed by:

mapping the at least one localized control channel element and the at least one distributed control
channel element to physical resource blocks in the subframe of the radio frame, wherein the
subframe includes at least one of the mapped localized control channel element and the

mapped distributed control channel element.

23. The apparatus of claim 20, wherein the eNB is further configured to:
apply mapping to control data operable to form the ePDCCH configured to be communicated

from the eNB to the UE in the radio frame, wherein the mapping is formed by:

mapping the at least one localized control channel element and the at least one distributed control
channel element to a physical resource block in the subframe of the radio frame, wherein the
physical resource block includes at least one of the mapped localized control channel

elements and at least one of the mapped distributed control channel elements.

24




