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1. Introduction

The remaining issues to finalize ePDCCH design in Rel-11 are eCCE numbering and the details for ePDCCH to RE mapping. Our view is given in this contribution.
2. On eCCE numbering 

It has been agreed that in each PRB pair, the eREG are numbered as 0-15 and that there are N PRB pairs in the ePDCCH set. An eCCE is defined as a collection of eREGs into groups as follows : {eREG#0,4,8,12}, {eREG#1,5,9,13}, {eREG#2,6,10,14} or {eREG#3,7,11,15} in a EPDCCH set regardless of distributed EPDCCH set or localized EPDCCH set. 

The open issue is the eCCE numbering and we propose the following: 
Proposal 1: Aggregation level above one is realized by consecutive eCCE and eCCE are for a localized ePDCCH set numbered within a PRB pair first and then across PRB pairs.

This is illustrated in Figure 1 below. 
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Figure 1 Numbering of eCCEs in three configuration examples for localized transmission

For distributed transmission, we have a similar proposal:

Proposal 2: Aggregation level above one is realized by consecutive eCCE and eCCE are for distributed ePDCCH set numbered by feasible permutations within an eREG group first and then across eREG groups

“Feasible permutations” depends on the value N and the number of eREG per eCCE, since it is possible that multiple eREG are taken from the same PRB pair in which case all cyclic permutations within a group is not possible (without collisions). This proposal somewhat confines a distributed transmission up to AL=4 within one eCCE used for localized transmission, which can be a useful feature for smaller bandwidths where ePDCCH sets are overlapping. 

In case of N=8 PRB pairs configured in a distributed set, there is a tradeoff between diversity (mapping an ePDCCH to all available PRB pairs) and avoiding blocking a localized ePDCCH candidate of AL≥4 when overlapping with a distributed ePDCCH set (mapping an ePDCCH to only 4 out of 8 PRB pairs). We believe diversity is more important in the aspect and favor the approach where all 8 PRB pairs can be utilized for diversity purpose:

Proposal 3: In the distributed case, when an eCCE does not map to all N configured PRB pairs, consecutive eCCEs are mapped so that N:th order frequency diversity can be achieved for an ePDCCH with higher aggregation levels. 

For instance, for N=8 and 4 eREG per eCCE, eCCEs with alternating indices are mapped to PRB pair {0,2,4,6} and {1,3,5,7} respectively and 8th order diversity is achieved for aggregation levels larger than two. 

The eCCE numbering for the distributed case is illustrated in Figure 3 below. 
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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 2 below. 
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Figure 2 Processing of L1/L2 control information for ePDCCH transmission
The remaining issue is how to perform the mapping of the encoded bits to REs. 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 PDSCH mapping order by frequency first then time as follows: 

Proposal 4: The mapping of ePDCCH to RE is performed by mapping to available REs as follows: 

· within all available RE belonging to all eREG associated with an ePDCCH

· over frequency direction first across all PRB pairs in ePDCCH set

· then in time direction within the subframe.   

4. Conclusion

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

Proposal 1: Aggregation level above one is realized by consecutive eCCE and eCCE are for a localized ePDCCH set numbered within a PRB pair first and then across PRB pairs.

Proposal 2: Aggregation level above one is realized by consecutive eCCE and eCCE are for distributed ePDCCH set numbered by feasible permutations within an eREG group first and then across eREG groups

Proposal 3: In the distributed case, when an eCCE does not map to all N configured PRB pairs, consecutive eCCEs are mapped so that N:th order frequency diversity can be achieved for an ePDCCH with higher aggregation levels. 

Proposal 4: The mapping of ePDCCH to RE is performed by mapping to available REs as follows: 

· within all available RE belonging to all eREG associated with an ePDCCH

· over frequency direction first across all PRB pairs in ePDCCH set

· then in time direction within the subframe.   
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