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1
Introduction
In RAN1 #70 meeting, most of eREG/eCCE definitions were agreed including the use of the same eREG definition for both localized and distributed EPDCCH, number of eREGs to form an eCCE according to the subframe configuration, and antenna port association for distributed EPDCCH. The followings are the agreements RAN1 reached in the previous meeting [1]:
Agreement for Distributed transmission: 

· eREG definition:

· A PRB pair is divided into 16 eREGs in both normal and special subframes and for normal and extended CP regardless of the presence of other signals

· 16eREGs has #0 to #15 indices

Agreement: 

· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 
· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
· Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO

· The UE is not expected to receive EPDCCH in a special subframe with special subframe configuration 0 or 5 in normal CP, or special subframe configuration 0, 4, or 7 in extended CP.
· The eREG to RE mapping is fixed in specifications given the Frame structure type, subframe configuration and CP length

· Special subframes with the same DMRS positions have the same eREG to RE mapping

· The eREG to RE mapping does not depend on the PRB pair#, subframe#, legacy control region size, DwPTS length or presence of other signals such as CRS,CSI-RS,PRS,

· 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 

· 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.

To finalize the eREG/eCCE definition for EPDCCH, in this contribution, we discuss on the remaining details such as eREG-to-eCCE mapping according to the localized and distributed EPDCCH transmissions.

2
eREG-to-eCCE Mapping
It has been agreed that multiple EPDCCH sets could be used for a UE and each EPDCCH set will be configured as either localized or distributed EPDCCH. In addition, it is also agreed that multiple EPDCCH sets may be overlapped in the same PRB-pair. Given these agreements, the multiplexing of localized and distributed EPDCCH is possible in the same PRB-pair implicitly although each EPDCCH set will be configured one of them. Therefore, using the same definition of eREG for both localized and distributed EPDCCH seems adequate for better multiplexing of localized and distributed EPDCCH.
Proposal-1: the same definition of eREG is used for both localized and distributed EPDCCH set.
Assuming that N PRB-pair is used for an EPDCCH sets, the eREGs may be indexed from lowest PRB index to highest PRB index regardless of the EPDCCH transmissions, so that the total eREGs may be indicated as eREG0,…, eREG16N-1 considering that each PRB-pair contains 16 eREGs irrespective of the number of available REs in the PRB-pair. 
Proposal-2: eREG is indexed from lowest PRB-pair index to highest PRB-pair index within an EPDCCH resource set for both localized and distributed EPDCCH.
Since the eCCE should be located within a PRB-pair for localized EPDCCH and each eCCE is formed by grouping of 4 eREGs, the eCCE may be defined as following for localized eCCE:
eCCEn = {eREG4n+i}, i=0,1,2,3, n=0,…,4N-1
The following figure 1 shows a simple example of eREG-to-eCCE mapping for localized transmission.
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Figure 1. eREG-to-eCCE mapping for localized EPDCCH set
Since an eREG itself is defined in a distributed manner within a PRB-pair, consecutive 4 eREGs may be grouped to form an eCCE without any performance loss from unequal channel estimation quality within a PRB-pair.

Proposal-3: consecutive 4 eREGs are grouped to form a localized eCCE.
As for the distributed EPDCCH, it should be guaranteed that an eCCE is distributed over N PRB-pair within an EPDCCH set as much as possible in order to maximize the frequency diversity gain. The following mapping rule may be used in order to distribute eREGs for a distributed eCCE over N PRB-pair:
 eCCEn = {eREGn+4Ni} i=0,1,2,3, n=0,…,4N-1

From the mapping rule defined above, the eREGs distributed with 4N spacing will be grouped to form an eCCE which is the maximum distance with uniform spacing.

Proposal-4: non-consecutive 4 eREGs located with 4N index spacing are grouped to form a distributed eCCE.
4
Conclusions

In this contribution, we discussed on the remaining details of eCCE/eREG definition, especially for eREG-to-eCCE mapping . From the discussions, we propose followings:

Proposal-1: the same definition of eREG is used for both localized and distributed EPDCCH set.
Proposal-2: eREG is indexed from lowest PRB-pair index to highest PRB-pair index within an EPDCCH resource set for both localized and distributed EPDCCH.
Proposal-3: consecutive 4 eREGs are grouped to form a localized eCCE.
Proposal-4: non-consecutive 4 eREGs located with 4N index spacing are grouped to form a distributed eCCE.
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