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1. Introduction

The following working assumptions on enhanced downlink control channel were agreed in RAN1#66bis, 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.
In this contribution we present our views on the control channel structure and search space for enhanced PDCCH (ePDCCH). We focus on DMRS-based ePDCCH in this paper. As several other issues regarding ePDCCH are still undecided, we try to discuss in a generic manner which does not depend on the outcome of those pending issues, namely the multiplexing of ePDCCH (TDM vs FDM) and antennas port(s) usage for ePDCCH.
2. Discussion

2.1. DMRS-based ePDCCH without cross-interleaving

In Rel.10, a set of 
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 VRBs are semi-statically configured as the R-PDCCH transmission resource. One R-PDCCH may be mapped to N = 1, 2, 4, 8 localized or distributed VRBs, dependent on the frequency position of the 
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VRBs and the choice of scheduler at each subframe. When one R-PDCCH is mapped to N distributed RBs, frequency diversity is achieved. 
In Rel.11, a similar resource configuration mechanism can be re-used for ePDCCH, where the higher layer configures 
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 VRBs for ePDCCH transmission. Such configuration should be UE-specific so that different users are allocated with different ePDCCH resources to achieve frequency-domain ICIC . Additionally, as in legacy PDCCH, further interference randomization may be achieved by varying the search space location as a function of the slot number within the radio frame. For the configuration of 
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 VRBs, the Rel. 10 mechanism of type 0/1/2 resource allocation may be re-used.  Alternatively, a bitmap can be considered to signal the position of 
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 RBs. The latter may provide more flexible resource configuration and improve the frequency domain ICIC capability. 
Similarly, the same search space mechanism for R-PDCCH could be re-used for ePDCCH. That is, UE performs blind decoding of a DCI format of aggregation level 1VRB, 2VRB, 4VRB or 8VRB. The max number of blind decodings (6/6/2/2 for 1/2/4/8 VRB aggregation level) may be simply re-used, unless the blind decoding capability for ePDCCH is re-considered in Rel.11.  For a UE configured with ePDCCH, it should still monitor DCI 1A/1C in the legacy region in order to understand the UE-specific configuration of ePDCCH, and to maintain connection to the network. It should also monitor UE-specific DCI formats 0/1A/1B/2/2A/2B/2C/4 transmitted with ePDCCH. It does not appear necessary for a UE to simultaneously monitor the UE-specific search space (USS) in both the ePDCCH and the legacy control region for DCI formats 0/1A/1B/2/2A/2B/2C/4, as it does not solve the PDCCH resource issue and increases UE blind decoding significantly. 
Observation: 

· Similar to R-PDCCH, ePDCCH may be configured with 
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 VRB transmission resource. 
· Some level of frequency diversity is already achieved by assigning 
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 VRBs in a frequency distributed manner. 
· Either type 0/1/2 resource allocation or bitmap could be used for the configuration of 
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 VRB. The latter may provide better flexibility in terms of interference avoidance toward frequency-domain ICIC. 
· ePDCCH search space is defined in terms of aggregation of VRBs.  Rel.10 R-PDCCH search space formulation can be re-used. 
· A UE configured with ePDCCH should monitor UE-specific DCI formats 0/1A/1B/2/2A/2B/2C/4 only on ePDCCH , and monitor the common search space in the legacy region for DCI 1A/1C.
2.2. DMRS-based ePDCCH with cross-interleaving

Another candidate is to transmit ePDCCH with cross-interleaving in the PDSCH region. That is, ePDCCH goes through the same bit-level processing block as in Rel.8-10 (e.g. channel coding, CCE creation, sub-block interleaving, rate matching, and search space design), expect that ePDCCH search space is defined within 
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 VRBs, instead of within the system bandwidth.
Compared to the DMRS-based ePDCCH without cross-interleaving, this approach has both pros and cons:

· It may re-use some of the legacy PDCCH bit-level processing blocks.

· Compared to ePDCC without cross-interleaving, better frequency diversity may be claimed due to cross-interleaving at CCE-level. However, it is unclear if such additional frequency diversity will bring significant performance benefits, especially if the 
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 VRBs are already sufficiently distributed in the frequency domain.
· The configured ePDCCH resource (i.e. number of VRBs 
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, and set of VRBs) of multiple UEs need to be aligned if cross-interleaving based on Rel.10 PDCCH principles are to be used. This may restrict the ePDCCH resource assignment flexibility and effectiveness of frequency-domain ICIC. 
If DMRS-based ePDCCH with cross-interleaving is used, the same searching space mechanism for legacy PDCCH can be re-used. Similarly, UE should monitor UE-specific DCI formats 0/1A/1B/2/2A/2B/2C/4 on ePDCCH, and monitor the common search space in the legacy region for DCI formats 1A/1C.
3. Conclusions
In this contribution we discussed the search space design for DMRS-based ePDCCH. Some observations are summarized below:
· DMRS-based ePDCCH without cross-interleaving

· ePDCCH may be configured with 
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 VRB transmission resource. 
· Frequency diversity is already achieved by assigning 
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VRBs in a frequency distributed manner.
· Either type 0/1/2 resource allocation or bitmap could be considered ePDCCH resource configuration. The latter provides better flexibility in ePDCCH resource assignment.
· ePDCCH search space is defined in terms of aggregation of VRBs.  Rel.10 R-PDCCH search space formulation can be re-used. 
· DMRS-based ePDCCH with cross-interleaving

· Search space is defined in terms of CCE aggregation in the set of 
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 VRBs, similar to R-PDCCH.
· The additional frequency diversity over ePDCCH without cross-leaving needs further study.
For both cases, a UE configured with ePDCCH should monitor UE-specific DCI formats 0/1A/1B/2/2A/2B/2C/4 on ePDCCH, and monitor the common search space in the legacy region for DCI 1A/1C.
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