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1. Introduction

A remaining issue to finalize ePDCCH design in Rel-11 is the mapping of an ePDCCH to RE through the use of eREG and eCCE. Our view is given in this contribution.
2. Grouping of eREG to form eCCEs

The agreement from [1] states that eREG indices are sequentially mapped to the REs without REs for DMRS (24 for normal CP and 12 for extended CP) in a frequency first and then time manner, within each PRB pair. Furthermore, it is FFS whether to support cyclic shift of the assigned eREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS. The cyclic shift could potentially further even out the number of available RE per eREG when colliding signals are present in the PRB pair. The agreement gives the worst case difference between the largest and smallest number of available RE per eREG in a PRB pair as 3, which occurs when CFI=1 and the number of CRS ports is 2 (analyzed for subframes without CSI-RS). 

However, although eREG sizes may differ, eCCEs are defined by grouping of L=4 or L=8 eREGs, depending on subframe type or CP length and the important aspect from link adaptation perspective is to have eCCEs of similar size. 

Proposal 1: The grouping of eREG into eCCEs are fixed, for normal and extended CP, for normal and special subframes and for Frame structure 1 and 2 and given by specification as follows:

· For L=4:  
{0,4,8,12} {1,5,9,13} {2,6,10,14} {3,7,11,15}

· For L=8:
{0,4,8,12,1,5,9,13} {2,6,10,14,3,7,11,13}

This gives the maximum difference of the number of available RE per eCCE as 1 for L=4 in the normal subframe with normal CP length irrespectively of the ePDCCH start symbol, the number of CRS antenna ports and their frequency shift. For L=8 all the eCCE have the same number of available RE. 

Figure 1 show how the eCCEs are distributed for localized mapping where all eREG belonging to one eCCE is mapped to the same PRB pair. 

2.1. Localized transmission

As an ePDCCH set contains N PRB pairs, there are in total 16N/L eCCEs in the ePDCCH set. To simplify the search space design, it is beneficial to number the eCCEs within a PRB pair first and then over PRB pairs. However, to maximize the opportunities for frequency selective ePDCCH scheduling, adjacent eCCEs should not be used for consecutive ePDCCH candidates as they risk falling into the same PRB pair with this numbering. This has to be ensured in the search space design. In this contribution, we only discuss the eCCE to RE mapping and have the following proposal:

Proposal 2: The localized 
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 in an ePDCCH set configured for localized transmission of N PRB pairs and L eREG per eCCE are numbered within PRB pair first and then over PRB pairs as follows:
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Figure 1 Definition of eCCE for localized transmission in normal subframe, normal CP length and L=4 eREG per eCCE. The four colors represents the four eCCEs of size 36 each.

The resulting eCCEs numbering can then be seen in some examples for localized transmission in Figure 2.


[image: image5.emf]0

4

8

12

1

5

9

13

2

6

10

14

3

7

11

15

PRB pair

0 1 2 3

N=4, L=4

1 #

) (L

eCCE

15 #

) (L

eCCE

0

4

8

12

1

5

9

13

2

6

10

14

3

7

11

15

PRB pair

0 1

N=2, L=8

0 #

) (L

eCCE

3 #

) (L

eCCE

0

4

8

12

1

5

9

13

2

6

10

14

3

7

11

15

PRB pair

0 1 2 3

N=8, L=4

0 #

) (L

eCCE

1 #

) (L

eCCE

31 #

) (L

eCCE

0 #

) (L

eCCE

4 5 6 7


Figure 2 Numbering of eCCEs in three configuration examples for localized transmission

2.2. Distributed transmission

For distributed transmissions, we propose that the groups in Proposal 1 are also used, but eREGs within a group are collected from different PRB pairs whenever possible. To obtain the L eCCEs that is possible from one group of eREGs, a cyclic shift of the eREG indices can be applied. Keeping the same groups also reduces the probability of collisions and blocking in case localized and distributed ePDCCH sets are overlapping. 

Proposal 3: For distributed transmission, the L eREG belonging to one eCCE are located in L different PRB pairs if N≥L, otherwise they are located in N PRB pairs. By cyclic shifts of the L eREG indices a set of L different eCCEs is obtained. The distributed 
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 in an ePDCCH set configured for distributed transmission of N PRB pairs and L eREG are mapped over PRB pairs first (when N>L) and then over cyclic shifts of eREG indices within the group as follows:
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The resulting eCCE numbering is shown by a couple of examples in Figure 3 below. It is noted that when N<L, there are more than one eREG used per PRB pair for one eCCE. Furthermore, in the N=8 case, one eCCE use every other PRB pair to maximize the frequency diversity. In the search space design, it should be ensured that for AL=2, all N=8 PRB pairs are used for the ePDCCH to get full benefit of the frequency diversity.
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Figure 3 eCCE numbering in case of distributed allocation

3. ePDCCH processing

Different from the PDCCH processing, the ePDCCH processing needs to handle each ePDCCH and their corresponding eCCEs individually. In the PDCCH processing, the CCEs from each encoded PDCCH are concatenated and cell specific scrambling is applied before modulation, interleaving and a cell specific cyclic shift. The interleaving and cell specific cyclic shift of the interleaved sequence enables exploitation of frequency diversity and intercell interference randomization respectively. 

For the ePDCCH processing on the other hand, the eCCE to RE mapping is pre-determined within the set of ePDCCH resources as soon as the eCCE index is known. Hence, there is no need for interleaving of multiple ePDCCH transmissions. The processing can then be described as in Figure 4 below. It should be noted that scrambling can be UE specific, which is further discussed in [2].
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Figure 4 Processing of L1/L2 control information for ePDCCH  transmission
The remaining issue is how to perform the mapping of the encoded bits to REs. As already been agreed, a RE that collides with any other signal is not used for ePDCCH and code chain rate matching is used around CRS and the region up to the PDSCH starting position. Furthermore, one of the use cases of ePDCCH is operation with large cell range expansion (CRE) where received CRS power from neighboring cell could be significantly larger than CRS power received from own cell. Therefore, having the possibility to map ePDCCH around the CRS from a neighboring cell instead of the serving cell would provide a significant performance benefit for the ePDCCH for UE with large CRE. Also, dynamic point selection of ePDCCH should be supported whenever it is used for PDSCH. 

A difference is that dynamic signaling of CRS pattern is not possible; however, for ePDCCH we have the structure of ePDCCH sets where a set can be associated with ePDCCH transmissions from a certain transmission point or eNB. Therefore, it should be possible to configure, per set, which CRS RE that should be excluded in the ePDCCH mapping. Hence, we propose the following:
Proposal 4: The configuration of each ePDCCH set includes the set specific CRS configuration the UE shall assume that ePDCCH is not mapped to when receiving ePDCCH in this set.
An agreement of the order for which an ePDCCH is mapped to RE is also required to finalize the TS 36.211 specifications. We propose to follow the PDCCH mapping order by eCCE then eREG as follows: 

Proposal 5: The mapping of ePDCCH to RE within the available resources is performed by mapping to available REs as follows: 

· over eCCE with increasing eCCE indices #i,

· within each eCCE with increasing
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 which maps to eREG indices according to the formulas in Proposal 2 and Proposal 3 respectively 
· within each eREG over time.   

4. Conclusion

For the ePDCCH to RE mapping, we have the following proposals:

Proposal 1: The grouping of eREG into eCCEs are fixed, for normal and extended CP, for normal and special subframes and for Frame structure 1 and 2 and given by specification as follows:

· For L=4:  
{0,4,8,12} {1,5,9,13} {2,6,10,14} {3,7,11,15}

· For L=8:
{0,4,8,12,1,5,9,13} {2,6,10,14,3,7,11,13}
Proposal 2: The localized 
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 in an ePDCCH set configured for localized transmission of N PRB pairs and L eREG per eCCE are numbered within PRB pair first and then over PRB pairs as follows:
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Proposal 3: For distributed transmission, the L eREG belonging to one eCCE are located in L different PRB pairs if N≥L, otherwise they are located in N PRB pairs. By cyclic shifts of the L eREG indices a set of L different eCCEs is obtained. The distributed 
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 in an ePDCCH set configured for distributed transmission of N PRB pairs and L eREG are mapped over PRB pairs first (when N>L) and then over cyclic shifts of eREG indices within the group as follows:
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Proposal 4: The configuration of each ePDCCH set includes the set specific CRS configuration the UE shall assume that ePDCCH is not mapped to when receiving ePDCCH in this set.
Proposal 5: The mapping of ePDCCH to RE within the available resources is performed by mapping to available REs as follows: 

· over eCCE with increasing eCCE indices #i,

· within each eCCE with increasing
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 which maps to eREG indices according to the formulas in Proposal 2 and Proposal 3 respectively 
· within each eREG over time.   
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