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1. Introduction

In [1], we have shown that eREG needs to be defined before we can define distributed eCCE (D-eCCE). Diversity transmission can be applied to one D-eCCE if one D-eCCE contains multiple eREGs and each eREG is associated with different UERS. Frequency diversity first mapping is preferred when designing a D-eCCE and the preferred frequency diversity order is 4. In [2], we have shown that cell common localized eCCE to RE mapping is preferred in order to enable ICIC within ePDCCH PRB pairs. Compared to PRB level ICIC, eCCE level ICIC can achieve the same interference mitigation effect with less resource consumption for low control load. On the other hand, solely relying on eCCE level ICIC for ePDCCH by configuring cell common ePDCCH PRB pairs can minimize the interference measurement impact on neighbouring cell’s PDSCH. 
In [3], we have compared different encoding strategies when other overhead REs exist in the ePDCCH PRB pairs. Depending on the overhead types, different encoding strategies can be applied to the overhead REs. We prefer to apply rate matching for overhead REs such as CRS, legacy control region. Because these overhead types account for large overhead percentage and these REs can have different large scale properties than the ePDCCH REs for example in CoMP scenario 4. On the other hand, it’s better to apply puncturing to overhead REs like CSI-RS REs or ePHICH REs (if exists) [6], because these overhead can either be re-configured through RRC signalling or can change from one subframe to the next by different uplink traffic load. Thus applying puncturing to these types of overhead can avoid ePDCCH decoding ambiguity and also allow better RE sharing among different control channels, e.g. between ePDCCH/ePHICH.
In this contribution we give detailed definition of eCCE/eREG taking into account different aspects including: 1) support both localized and distributed ePDCCH transmission in the same subframe/PRB pair; 2) achieve balanced link level performance and avoid decoding ambiguity; 3) maximize the benefits of UERS based transmission and make full use of unused REs in the ePDCCH PRB pairs left from ePDCCH transmission.
2. eREG/eCCE definition
Figure 1 illustrates how eCCE/eREG should be constructed. Each ePDCCH PRB pair is firstly segmented into four localized eCCEs (L-eCCE) and each L-eCCE is associated with its own UERS thus can be individually beamformed. One localized ePDCCH is mapped to one or multiple L-eCCEs. For AGGL 1, 2 and 4, it’s preferable to map one localized ePDCCH to multiple L-eCCEs belonging to the same PRB pair.
In order to create D-eCCE, each L-eCCE is segmented into four eREGs. One D-eCCE is mapped to four eREGs from four PRB pairs. Each eREG is spread in the whole subframe and all eREGs are equally punctured by legacy control OFDM symbols. The other overhead REs such as CRS, ePHICH (if exists) are also equally mapped to all 16 eREGs and they will puncture all the eREGs equally. 
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Figure 1, illustration of eREG/eCCE
3. eCCE level ICIC
It has been stated in the WID [5] that ICIC needs to be supported for enhanced downlink control channel. We have shown in [2] that L-eCCE level ICIC consumes much less PRB pairs to achieve inter-cell interference mitigation for ePDCCH compared to PRB level ICIC because ePDCCH/PDSCH are not allowed to co-exists in the same PRB pair. In order to fully reap the gain of UERS based transmission, it’s better to design a cell common eREG to RE mapping and coordinating the ePDCCH transmission in L-eCCE level among neighbouring cells. In this case two eCCEs transmitted from neighbouring cells are either completely overlapping or completely orthogonal. In case they are completely orthogonal, there is no inter-cell interference at all. On the opposite if they are completely overlapping, the interference aware receiver can mitigate the inter-cell interference.
Besides the benefit to consume less PRBs in order to achieve inter-cell interference coordination, L-eCCE level ICIC on top of cell common eREG to RE mapping can minimize ePDCCH to PDSCH interference scenarios in which multiple individually beamformed L-eCCE can cause inter-cell interference measurement difficulties for neighbouring cell’s PDSCH interference measurement. Figure 2 gives one such example. In the example cell A uses one PRB pair to transmit four localized ePDCCH with AGGL 1 and cell B uses the same PRB pair to transmit PDSCH. For the UE which decodes PDSCH in the PRB in cell B with interference aware receiver [4], the measured interference from UERS REs will be an average of two DCIs transmitted in cell A. This measured interference doesn’t match the interference that any PDSCH RE experiences.
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Figure 2, ePDCCH to PDSCH interference
4. Conclusion
Based on the analysis we have done in this contribution and several companion contributions [1-3], we propose to define eREG/eCCE as below:
· 1. One PRB pair contains four L-eCCEs.

· 2. Each L-eCCE is implicitly associated with its own UERS and can be individually beamformed.

· 3. One L-eCCE contains four eREGs.
· 4. Frequency diversity first mapping is used to map one D-eCCE to four eREGs.
· 5. One eREG is spread in the whole subframe.
· 6. The overhead REs from other signals are equally distributed among all eREGs in the same PRB pair.
· 7. eREG to RE mapping is cell common

· 8. L-eCCE level ICIC is supported for enhanced downlink control channel
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