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CLAIMS 

What is claimed is: 

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

5 hysical resource blocks in a radio frame, comprising: 

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

el'Oment; 

Aping the at least one control channel element to at least one of: 

resource elements located in a plurality of distributed physical resource 

10 blocks 	a subframe, wherein each resource block is separated by at least one 

additional 	source block in the subframe; and 

resource elements distributed in a single resource block in the subframe, 

wherein the cont col channel element is mapped to be distributed in frequency and 

time relative to oth 	mapped resource elements in the single resource block; and 

15 applying the mapping lo control data to form an ePDCCH configured to be 

communicated from an enharl 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 located i 	the plurality of physical resource blocks in 

20 the subframe, wherein each resource block is eparated from another resource block by a 

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

frequency. 

3.  The method of claim 1, further comprising mapping the akleast one control channel 

25 element to resource elements to a single resource block pair 	the subframe wherein the 

control channel element is mapped in frequency and time to th 	esource elements in the 

single resource block pair. 

4.  The method of claim 3, further comprising mapping the modulated sym ols in the 

30 ePDCCH to the single resource block pair, wherein the control channel ele 	ent is 

mapped across a slot boundary in the physical resource block pair. 
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5. 	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 resource block is contiguous in frequency. 

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

el ment to the resource elements located in the plurality of physical resource blocks in 

4 

 e
\, 

 

the ubframe and to the single resource block in the subframe, wherein the single 

resource, block contains both contiguous resource elements and resource elements 

distribute 	n frequency and time to which the at least one control channel element is 

10 mapped. 

7. The method of clai 	1, further comprising: 

mapping symb is in a localized ePDCCH to a plurality of control channel 

elements; and 

15 mapping the plural' 	of control channel elements to physical resource blocks that 

are contiguous in frequenc 	in the subframe. 

8. The method of claim 1, further comp sing mapping the at least one control channel 

element to the resource elements locates in the plurality of physical resource blocks in 

20 	the subframe, wherein the resource elemen 	are grouped into a plurality of resource 

element groups, with each resource element g sup consisting of four resource elements 

that are contiguous in at least one of time and fre uency. 

9. The method of claim 1, further comprising forming dis ibuted resource element groups 

25 	in one of the plurality of physical resource blocks and the 	ngle resource block, wherein 

each distributed resource element group consists of four reso 	ce elements distributed in 

time and frequency. 

10. The method of claim 1, further comprising forming an individual inde 	of the at least one 

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

in the subframe. 

11. The method of claim 1, further comprising forming a global index of the at least 	ne 

control channel elements that are mapped to the resource elements in the resource bld ks 

35 in each subframe of the radio frame. 
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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 

Ei  modulation reference signal (DMRS), and a channel state information reference signal \ 

(dS1RS). 

13. The meth d 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 

P 
c
D;CH n  PDCC'H _ (A x m 	i)mod Arc 	, where ATcP,cpri  is the total number of CCEs for the 

selected category, i 	0,1,..., A —1 and M (A) is a number of ePDCCH candidates based 

on the aggregation leve 

14. An article, comprising a non-b ansitory computer-readable storage medium containing 

instructions that if executed by a rocessor enable a system to: 

apply mapping to control dat operable to form an extended physical downlink 

control channel (ePDCCH) configured t9 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 i the ePDCCH to at least one of at least one 

localized control channel element and at east one distributed control channel 

element, wherein: 

the at least one localized contro channel element is mapped within 

a physical resource block or multiple phys 	al resource blocks that are 

contiguous in the frequency domain on a sub -ame of the radio frame; and 

the at least one distributed control chanhel element is mapped to 

distributed resource elements in at least one physic& resource block in the 

subframe of the radio frame. 

15. The article of claim 14, further comprising instructions that when execute 	y a 

processor enable the system to: 

apply mapping to control data operable to form the ePDCCH configured t0e 

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 cPDCCH 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. 

5 	16. \The article of claim 14, further comprising instructions that when executed by a 

pr
\
Ocessor 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: 

10 apping the at least one localized control channel element and the at least 

one distrib ted 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 least one mapped distributed 

control channel ele\Me
\
nt. 

15 

17.  The article of claim 14, further comprising instructions that when executed by a 

processor enable the system to: 

apply mapping to control data o serable to form the ePDCCH configured to be 

incommunicated from the eNB to the UE 	the radio frame, wherein the mapping is 

20 formed by: 

mapping the at least one localize 	control channel element and the at least 

one distributed control channel element to a 	hysical resource block in the 

subframe of the radio frame, wherein the at ph sical resource block includes at 

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

25 mapped distributed control channel elements. 

18.  An apparatus, comprising: 

an enhanced Node B (eNB) operable to apply mapping to cont of data operable to 

form an extended physical downlink control channel (ePDCCH) configui d to be 

30 communicated to a user equipment (UE) in a radio frame, wherein the mappi g is formed 

by: 

mapping modulated symbols in the ePDCCH to at least one of at le 	t one 

localized control channel element and at least one distributed control channel 

element, wherein: 
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the at least one 	localized control channel clement 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 

5 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 apparatus of claim 18, wherein the eNB is further configured to: 

10 apply 	apping to control data operable to form the ePDCCH configured to be 

communicated fro 	the eNB to the UE in the radio frame, wherein the mapping is 

formed by: 

mapping he modulated symbols in the ePDCCH to the at least one 

distributed control seljannel element that is mapped to multiple localized physical 

15 .Nark resource blocks that 	distributed in frequency in the subframe. 

20. The apparatus of claim 18, wherein he eNB is further configured to: 

apply mapping to control data 	erable to form the ePDCCH configured to be 

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

20 	formed by: 

mapping the at least one localized control channel element and the at least 

one distributed control channel element to Nlysical resource blocks in the 

subframe of the radio frame, wherein the sub r. me includes at least one of the 

mapped localized control channel element and th mapped distributed control 

25 channel element. 

21. The apparatus of claim 18, wherein the eNB is further configure. 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'tnapping is 

30 	formed by: 
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mapping the at least one 	localized control channel clement and the at 

least one distributed control channel element to a physical resource block in the 

subframc of the radio frame, wherein the physical resource block includes at 

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

least 

5 mapped distributed control channel elements. 
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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. 

3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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. 

8. 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. 

9. A 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 

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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11.  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. 

12.  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. 

13.  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. 

14.  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. 

15.  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. 

16.  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 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 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. 
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