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1. Introduction

The following working assumptions were agreed in RAN1#66bis for enhanced downlink control signals, based on the consideration from CA enhancement, new carrier type, CoMP and DL MIMO:
· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
It was further agreed in RAN1#67 that ePDCCH will be based on DMRS transmission. In this contribution we present our views on the search space design for ePDCCH. 
2. Discussion
2.1. Monitoring of common and UE-specific control message
The legacy control region consists of a common search space (CSS) and a UE-specific search space (USS). The CSS is cell-specific and used to transmit common control message of broadcast property, e.g., paging, dynamic system information and random access response. The USS is used for transmitting UE-specific uplink/downlink grants scrambled by C-RNTI associated to the configured UL/DL transmission modes (e.g. DCI 0/4 for UL, and DCI 1A/1B/2/2A/2B/2C for DL). In addition, the CSS may also transmit UE-specific DCI (e.g. format 1A) scrambled by C-RNTI for the purpose of dynamic fall-back, e.g. in the event of RRC reconfiguration. 
For a UE configured with ePDCCH, its UE-specific control message scrambled with C-RNTI should be monitored in the ePDCCH control region. There is no need for a UE configured with ePDCCH to also monitor the UE-specific control messages in the USS of the legacy PDCCH region.
For UE configured with ePDCCH, decoding of common control messages (e.g. scrambled by P-RNTI, RA-RNTI, and SI-RNTI) has several possibilities:
Alt 1: monitored in ePDCCH region 

Pros:

· Benefits of ePDCCH are achieved for common control message.
Cons: 

· In the case of RRC reconfiguration there might be ambiguities regarding the ePDCCH parameters between the eNB/UE. Such ambiguity may include the DMRS antenna port(s), scrambling sequence, and time/frequency resources. 
Alt 2: monitored in legacy control region
Pros:

· No change in common DCI procedures; smaller impact on UE implementation.
· No ambiguity in RRC reconfiguration of ePDCCH.

Cons  

· Common control message cannot enjoy the expected benefits of ePDCCH, e.g. new carrier. It is unclear if inter-cell interference mitigation due to frequency domain ICIC is a main factor here - the presence of an ePDCCH region is based on the assumption that at least one legacy PDCCH has been successfully received for initial RRC configuration of ePDCCH, suggesting that that strong inter-cell interference is not always an issue.
3. Conclusions
In this contribution we discussed the search space design for DMRS-based ePDCCH. For UE configured with ePDCCH:
· UE-specific control messages scrambled with C-RNTI should be monitored in the ePDCCH region, and not monitored in the legacy control region.

· Common control messages scrambled by P/RA/SI-RNTI can be either monitored in the ePDCCH region or in the legacy PDCCH region. Both schemes have pros and cons and require further discussion. 
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