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1. Introduction
In this contribution, we investigate search space configuration for E-PDCCH transmission including the following aspects:
· PDSCH TM dependent E-PDCCH configurability
· Resource allocation for SS configuration 
· E-PDCCH transmission schemes and the related impact on SS configuration

2. Consideration on E-PDCCH configurability
Since UE specific DM RS is generally considered as a baseline for E-PDCCH demodulation [1], an E-PDCCH configured UE may not need to do CRS-based channel estimation for control channel reception according to the UE behaviours [2]. However, some of PDSCH TMs (e.g. TM 1 ~ TM 7) require CRS-based channel estimation for PDSCH demodulation, which forces CRS-based channel estimation even for the E-PDCCH configured UEs. Therefore, the relation of E-PDCCH and PDSCH TM configuration needs to be carefully investigated.

Proposal 1: The configurability of E-PDCCH needs to be investigated considering the PDSCH TM.

3. Resource allocation for SS configuration
In this section, we investigate the candidate VRB allocation method and start symbol configuration for E-PDCCH transmission. Since the E-PDCCH is transmitted in the PDSCH region as R-PDCCH does, it would be reasonable to consider resource allocation for R-PDCCH as a baseline for resource allocation for E-PDCCH SS configuration. In case of R-PDCCH, a RN does blind search on the R-PDCCH candidate resource for the RN in the frequency domain which is configured by the RN-specific higher layer signalling. When some resources are assigned as R-PDCCH candidate resource for a RN, the resource allocation type in the assigned candidate resource follows the resource allocation type defined for PDSCH, which seems reasonable for efficient multiplexing between the R-PDCCH and PDSCH. Another advantage by following PDSCH resource allocation type is that the remaining E-PDCCH candidate resource, i.e., the E-PDCCH candidate resource which is not used for E-PDCCH transmission, can be efficiently used for PDSCH. Similar resource allocation as R-PDCCH, therefore, can be applicable for E-PDCCH SS configuration since the situation of FDM-multiplexing between PDCCH and PDSCH is the same. Moreover, the R-PDCCH like SS configuration which is well aligned with PDSCH resource allocation types enables efficient frequency domain ICIC.

Proposal 2: R-PDCCH like resource allocation should be the baseline for E-PDCCH resource allocation, i.e., the resource allocation type in the E-PDCCH candidate resource has the commonality as large as possible with the PDSCH resource allocation type.

On the other hand, the start symbol for R-PDCCH transmission was fixed at the 4th OFDM symbol, because a RN needs to use the first 1 or 2 OFDM symbols for relay cell UEs and to transit from the transmission to the reception mode. It means the capability of receiving the first two or three OFDM symbols is not guaranteed for RN perspective. However, the Rel-11 UEs with E-PDCCH can be allowed to have the capability of receiving earlier OFDM symbols than the 4th OFDM symbol. It would be, therefore, desirable that the E-PDCCH start symbol is configurable in the range of from the first OFDM symbol to the fifth OFDM symbol considering the maximum PDCCH size and a new carrier type, i.e. extension carrier. 
 
Proposal 3: E-PDCCH start symbol can be indicated by eNB. It needs further investigation on how to indicate the start symbol for E-PDCCH configured UEs.

4. Considerations on SS configuration related with E-PDCCH transmission scheme
In the last # 66bis meeting, the following working assumptions on enhanced PDCCH were agreed [2]:
· 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.

From the working assumptions above, both localized E-PDCCH transmission for achieving frequency selective scheduling gain and distributed transmission for achieving frequency diversity gain need to be supported for Rel-11.  From this aspect, how to configure localized and/or distributed E-PDCCH transmissions in the eNB side and how to configure UE-specific search space for a UE need to be further investigated. 
In addition, we can consider the necessity of DCI format dependent E-PDCCH transmission scheme application for a single UE perspective, where fallback DCIs (e.g. DCI format 0 and 1A) are transmitted with distributed manner while the TM dependent DCIs(e.g. DCI format 2C if TM 9 is configured) are transmitted with localized manner. 
Considering the above issues, one good starting point is whether or not separation on SS configuration would be necessary according to two different E-PDCCH transmissions, i.e., localized and distributed transmissions. There are two alternatives of SS configuration for localized and distributed E-PDCCH transmissions as follows:
Alt. 1: Single set of VRBs configured for both localized and distributed E-PDCCH transmissions
In this case, a UE performs blind decoding on the configured SS based on either one of the two E-PDCCH transmission schemes. Otherwise, within the configured set of VRBs a UE would do some of its total blind decoding assuming localized E-PDCCH transmission and remaining blind decoding assuming distributed E-PDCCH transmission. 
Alt. 2: Separate sets of VRBs configured for localized and distributed E-PDCCH transmissions
In this case, distributed transmission based SS and localized transmission based SS are configured separately for a UE. Therefore, a UE needs to search both or either of configured SSs in a subframe.

Proposal 4: It needs to be further investigated whether or not separate SS configuration for localized and distributed E-PDCH transmission schemes are necessary.

5. Conclusion
In this contribution, we investigated resource allocation for E-PDCCH SS configuration and E-PDCCH transmission scheme aspects related with SS configuration. From the investigation, our proposals are summarized as follows:
Proposal 1: The configurability of E-PDCCH needs to be investigated considering the PDSCH TM.
Proposal 2: R-PDCCH like resource allocation should be the baseline for E-PDCCH resource allocation, i.e., the resource allocation type in the E-PDCCH candidate resource has the commonality as large as possible with the PDSCH resource allocation type.
Proposal 3: E-PDCCH start symbol can be configured by eNB. It needs further investigation on how to indicate the start symbol for E-PDCCH configured UEs.
Proposal 4: It needs to be further investigated whether or not separate SS configuration for localized and distributed E-PDCH transmission schemes are necessary.
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