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1 Introduction

In the previous RAN1 #66bis meeting, the following working assumption has been agreed based on considerations 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 discuss search space design and common search space configuration for enhanced PDCCH (E-PDCCH).
2 E-PDCCH Search Space Design
In Rel-8/9/10, the design principle of the legacy PDCCH was to obtain transmit diversity gain as much as possible and PDCCH resources are distributed over the entire system bandwidth. Thus, it is difficult to obtain the precoding gain for the legacy PDCCHs.

Regarding E-PDCCH, if downlink channel state information of a UE is available at the eNB and the channel does not vary fast, the performance of E-PDCCH detection can be improved by frequency-selective scheduling and channel-dependent precoding. In this case, the resource mapping for E-PDCCH should be a localized type.

If downlink channel state information is not available at the eNB or it is not reliable because of fast channel variation over time, frequency-selective scheduling for E-PDCCH is not feasible and precoding gain may not be achievable. In this case, the E-PDCCH resource mapping should be a distributed type.
From a UE behavior point of view, the resource mapping type of E-PDCCH for a UE is related to the E-PDCCH search space design. To enable both the localized and distributed type resource mapping, the E-PDCCH search space for a UE should be designed to support both localized and distributed types.
Figure 1 shows an example of the localized type search space design, where the UE is assigned consecutive enhanced CCEs (eCCEs) in the logical domain.
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Figure 1: Localized-type search space
Figure 2 shows an example of the distributed type search space design, where the UE is assigned distributed eCCEs in the logical domain.
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Figure 2: Distributed-type search space
· Proposal 1: E-PDCCH search space for a UE should support both localized and distributed types.

3 Common Search Space Configuration

In the legacy PDCCH, the common control information is transmitted in the common search space (CSS). The CSS configuration for Rel-11 UEs can be different between the existing carriers and new additional carrier types because the legacy PDCCH may not be transmitted in the latter. Therefore, two different approaches for the CSS configuration can be used depending on the carrier type.

3.1 Existing Carriers
In the existing carriers, the legacy PDCCHs are transmitted and the common control information is already included in the CSS of the legacy PDCCH region. Thus, the following two options are possible depending on whether Rel-11 UEs perform blind decoding in the CSS of the legacy PDCCH region or not.
· Option 1: Configure Rel-11 UEs to perform blind decoding in the CSS of the legacy PDCCH region.
In this option, Rel-11 UEs perform blind decoding in the CSS of the legacy PDCCH region and in the UE-specific search space (USS) of the E-PDCCH region. This option has an advantage that the existing CSS resources are reused for Rel-11 UEs. However, since the CSS of the legacy PDCCH is not designed to take advantages of precoding gains, frequency domain ICIC, and so on, the decoding performance of the control channels within the CSS can be degraded in comparison with the E-PDCCH.
· Option 2: Configure Rel-11 UEs to perform blind decoding in the CSS of the E-PDCCH region.
In this option, Rel-11 UEs perform blind decoding for both the CSS and the USS located in the E-PDCCH region. Therefore, the transmission of the common control information should be duplicated in the E-PDCCH region. However, at the cost of the resource waste, the decoding performance of the control channels in the CSS of the E-PDCCH region can be improved.
Even though the two options have both pros and cons, the option 1 is slightly preferred because of efficient resource utilization.
· Proposal 2: In the existing carriers, the option 1 should be adopted for the CSS configuration of Rel-11 UEs in order to avoid unnecessary resource waste.
3.2 Additional Carrier Types
In additional carrier types, if the legacy PDCCHs are not transmitted, the CSS should be designed in the E-PDCCH region and thus the option 2 is the only solution. Since the CSS is common for all Rel-11 UEs that are operating on the additional carrier types, the CSS should be designed to obtain a maximum diversity gain. In this case, the distributed type of search space is more proper for the CSS of the E-PDCCH region.
· Proposal 3: In additional carrier types, the CSS as well as the USS should be located in the E-PDCCH region.
4 Conclusion
We have discussed the search space design and common search space configuration for E-PDCCH. Based on the above discussion, we propose the followings:
· Proposal 1: E-PDCCH search space for Rel-11 UEs should support both localized and distributed types.

· Proposal 2: In the existing carriers, configure Rel-11 UEs to perform blind decoding in the CSS of the legacy PDCCH region in order to avoid unnecessary resource waste.

· Proposal 3: In additional carrier types, the CSS as well as the USS should be located in the E-PDCCH region.
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