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1 Introduction

The RAN1 #67 meeting has decided several points for ePDCCH. DMRS base transmission is chose for ePDCCH.  This contribution is discussing further for the search space with the agreed scheme and number of ports
2 Common search space
RAN1 has identified the scenario and motivation for introduction of ePDCCH. Common search space does not have the control capacity problem, as it is understood as the problem for UE-specific control in some deployment. The most relevant scenarios for supporting common search space in ePDCCH are for addtional carrier and for frequency-domain eICIC. The inter-cell interference of common search space  for legacy PDCCH can be alleviated by introducing ePDCCH, e.g aggressor can offload more control into ePDCCH to reduce the interference on common search space. It is also agreed for additional carrier that the carrier should be operated with compatible carrier. Thus the additional carrier can rely on compatible carrier to perform handover. More detection of common search space on additional carrier will cause duplication.
We need to agree on the scenario for common search space before we support it in ePDCCH. 
3 UE specific search space 

For UE SS, we consider: the time-frequency position, eCCE size, ePDCCH mapping, search space allocation, antenna ports detection, transmission mode, DCI format types, Aggregation level, Number of blind detection. The method from legacy PDCCH should be reused as much as possible into ePDCCH. 

3.1 Time-Frequency position
For time domain, the ePDCCH starting point is related to legacy PDCCH region. This can be derived by CFI value. The value can be decoded correctly in normal case. In case we need to do eICIC, the ePDCCH region needs to avoid the Legacy PDCCH from neighbor cells. Additional carrier type may also need blank the PDCCH region, when it need avoid the interference for legacy PDCCH form neighbor in same carrier. It can be considered to allow configuring between using CFI and semi-static signaling.
For frequency domain, ePDCCH can use existing type 0/1/2. The detail allocation needs to take into account together with ePDCCH mapping and transmission mode. Semi-static signaling should be the baseline. Some low overhead dynamic indication on top of semi-static signaling can be considered to get scheduling gain.
3.2 Mapping and eCCE
Non-interleaved scheme 
Consecutive mapping: one UE’s ePDCCHs are mapped in to consecutive PRBs. Distributed mapping: one UE’s ePDCCHs are mappd into distribute PRB. For Consecutive mapping, UE will have similar channel condition across its search space, since it falls in certain subband. Partial distributed mapping group few PRBs across several subbands. In this case, the eNodeB can choose PRBs based on the CSI feedback to achieve frequency scheduling gain for ePDCCH. Full distributed mapping get better diversity.

[image: image1.emf]
Figure 1a Consecutive mapping
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Figure 1b Partial distributed mapping
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Figure 1c Full distributed mapping
Interleaved Scheme
One interleaving method is full interleaving, e.g. all the PRBs for ePDCCH will be used for interleaving. Then maximum frequency diversity can be achieved. Another method is interleaving only use fixed number of RBs for ePDCCH. This can let PDSCH reuse some of PRBs for case when ePDCCH resources are not all occupied.
The non-interleaved scheme will have less complexity and flexible resource allocation. The impact to PDSCH scheduling is small.
The CCE size can be reused from Rel-8. However, several issues need to be considered for CCE size and Mapping scheme: Interleaving, Resource for DMRS and DCI format size. The DMRS for normal CP and extended CP is different, thus CCE definition should be traded off for both. The DCI formats are getting large in Rel-11. Sizes for format 0/1a and 2c are quite different. Suppose 1 PRB have 4 CCE, a CCE can modulate around 60 bits with QPSK, this can not carry format 2c. The size of CCE may need to be adjusted according to specific DCI formats.
3.3 Antenna port detection
If we don’t consider spatial multiplexing and diversity, number of supporting ports in 1 PRB-pair will determine the number of ePDCCH transmitted in it. It is naturally to assign certain ports with certain REs. Using blind detection, UE will try to demodulation certain set of REs with certain DMRS ports. 
3.4 Detection space
As we analyzed in [1], both beamforming and transmission diversity can perform better than other in certain cases. And, UE have to support receiving both in Rel-11. To maximizing the benefit of both schemes,one possibility is to configure 2 areas to support different formats. E.g: DCI Format 0/1A/1C in legacy PDCCH，DCI Format 2C/4 in ePDCCH. 
3.5 Others
The number of blind decoding for ePDCCH should be similar as that for legacy PDCCH. Different DCI format can use different set of aggregation levels, if we do not adopt flexible CCE size in section 3.2. 
4 Conclusion

In this contribution, we discuss the search space design for ePDCCH. Both common search space and UE-specific search space are discussed. It is proposed:

1. The scenario for ePDCCH with common search need to be identified, before we support it.

2. Number of aspects should be taken in to consider when we design search space for ePDCCH: the time-frequency position, eCCE size, ePDCCH mapping, search space allocation, antenna ports detection, transmission mode, DCI format types, Aggregation level, Number of blind detection. 
3. The method from legacy PDCCH should be reused as much as possible into ePDCCH.
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