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1 Introduction
This contribution discusses definition of eREG and eCCE. 
2 Discussion
Definition of eCCE

In PDCCH, global CCE indices are used to identify UE specific search space and common search space. In R-PDCCH with cross-interleaving, the total number of CCEs is depending on the set of RBs configured for potential R-PDCCH transmission. The set of RB pairs for potential R-PDCCH transmission is UE specific. Then the CCE index is UE specific. In R-PDCCH without cross-interleaving, CCE is not defined since the definition of slot is reused in stead of definition of CCE.

For ePDCCH, we propose to multiplex ePDCCHs within a PRB pair since one PRB pair is too large for containing only a single ePDCCH. Then an eCCE definition is necessary for ePDCCH.
The ePDCCH is transmitted on an aggregation of one or several eCCEs as similar as PDCCH. If distributed transmission for aggregation level 1 is supported, eCCE correspond to 2 eREGs. The eCCEs available in a search space set are numbered from 0 to 
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 is the number of eREGs per search space set. The eCCE index is UE specific since the set of PRB pairs configured for potential ePDCCH transmission is UE specific.
Definition of eREG
In order to efficiently support frequency-domain ICIC, beamforming and/or diversity, we propose an ePDCCH is mapped to all OFDM symbols in a PRB pair as much as possible.

We propose one PRB pair is divided into 8 eREGs in normal subframe and 8 or 4 (to be further down-selected) eCCE in special subframe. For special subframe, the number of REs for ePDCCH per PRB pair depends on the duration of DwPTS. 
We propose RE-level puncturing is applied for CSI-RS/ CRS/ Legacy control region and coding chain rate matching is applied for 24 REs of DMRS [1]. We compare three options for eREG mapping within a PRB pair, where one PRB pair is divided into 8 eREGs in these options as illustrated in Figure 1. In NCT, 24 REs DMRS are assumed. In backward compatible carrier, 24 REs DMRS, CRS port 0 and 1 and 8 REs for CSI-RS are assumed. The numbers of REs per eREGs are shown in Table 1.
Option 1: 3 subcarriers and one slot belonging to one eREG 

[image: image4.emf]PDCCH CRS 0,1

DMRS

Port 7,8,9,10

eREG#0

CSI-RS

NCT without CRS/CSI-RS Backward compatible carrier

eREG#1

eREG#2

eREG#3

eREG#4

eREG#5

eREG#6

eREG#7

Option 1

subcarriers

OFDM symbols


Figure 1
Pros:
If an eCCE is constructed from an eREG from the 1st slot and an eREG from the 2nd slot, the eCCE is mapped to all OFDM symbols in a PRB pair.
Cons:
The numbers of REs in an eREG are imbalanced in NCT.
Some RE cannot support SFBC because of odd number in an OFDM symbol happens if SFBC is used.
Option 2: eREGs are scattered within PRB pair
RE is mapped on OFDM symbol (time) first.(as the arrow shows)
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Figure 2
Pros: 
The numbers of REs in a eREG are balanced in NCT.
The difference in eREG sizes is smallest in backward compatible carrier.
Cons:
Some RE cannot support SFBC because of odd number in an OFDM symbol happen if SFBC is used.

Option 3: eREGs are scattered within PRB pair with two REs
Frequency-adjacent pairs of available REs belong to the same eREG
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Figure 3
Pros:
The numbers of REs in a eREG are balanced in NCT.
Two antenna ports SFBC can be supported.
Cons:
The difference in eREG sizes in backward compatible carrier is largest.

In option 3, we assume REs used for SFBC can be separated by more than one RE in OFDM symbol with DMRS. However, in SFBC for PDSCH, REs composed eREG shall not be separated by more than one RS RE. If same restriction is applied for ePDCCH, several or all REs on OFDM symbols with DMRS port 7-10 cannot be utilized for ePDCCH with SFBC. This aspect needs further discussion. 

Table 1 The number of REs per eREG
	
	NCT
	Backward compatible carrier

	
	Option 1
	Option 2
	Option 3
	Option 1
	Option 2
	Option 3

	eREG#0
	17
	18
	18
	10
	11
	9

	eREG#1
	19
	18
	18
	12
	11
	13

	eREG#2
	19
	18
	18
	12
	14
	12

	eREG#3
	17
	18
	18
	10
	11
	11

	eREG#4
	17
	18
	18
	11
	14
	13

	eREG#5
	19
	18
	18
	17
	14
	12

	eREG#6
	19
	18
	18
	13
	11
	16

	eREG#7
	17
	18
	18
	15
	14
	14


From Table1, we see that the numbers of REs in a eREG are not balanced in backward compatible carrier in any options. Therefore the pair of eREGs to construct an eCCE should be selected in order to average imbalance.
3 Summary
This contribution discussed the definition of eCCE and eREG. Based on the discussion the following proposals are made:
· An eCCE corresponds to 2 eREGs
· The eCCE index is UE specific since the set of PRB pairs configured for potential ePDCCH transmission is UE specific.
· A PRB pair is divided into 8 eREGs in normal subframe and 8 or 4 (to be further down-selected) eCCE in special subframe.
· An ePDCCH can be mapped to all OFDM symbols in a PRB pair as much as possible.
· The pair of eREGs to construct an eCCE should be selected in order to average imbalance of the number of REs in a eCCE.
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