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1 Introduction

In RAN1#66bis meeting, several motivations have been identified for introducing enhanced PDCCH (E-PDCCH) as follows:
· 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.
Our proposal is to define a uniform E-PDCCH design to support above motivations. In this contribution, we consider some aspects of E-PDCCH search space design and propose some starting points for further discussion.
2 E-PDCCH search space area configuration

E-PDCCH search space area is the region on which E-PDCCH search spaces are defined. It is UE specific configuration and is defined in frequency, time and spatial domain within one subframe.
In frequency domain, E-PDCCH search space area should be limited to a few number of RB pairs, so that frequency-domain ICIC can be utilized for inter-cell interference coordination on RB/RBG granularity. The RB pairs for E-PDCCH blind decoding are configured by higher layer signalling using allocation type 0, 1, 2 or bitmap (this could be further down-selected later). Within the E-PDCCH search space area, if RB pairs are not used for E-PDCCH transmission, they can be used for PDSCH transmission using the conventional resource allocation types in the existing DCI formats. 
In time domain, we propose to have FDM E-PDCCH, i.e. one E-PDCCH is mapped to both 1st slot and 2nd slot within one subframe. In our contribution [1], more details on FDM E-PDCCH are explained. Within one subframe, the starting OFDM symbol of E-PDCCH should be configured by RRC signalling. The reason is that for some cell-edge UEs which suffer severe noise or interference in the legacy PDCCH region, they cannot receive PCFICH correctly. Besides, for E-PDCCH in an ICIC or CoMP scenario, the starting OFDM symbol of E-PDCCH should be aligned among different cells. In addition, if E-PDCCH is applied on extension carrier, we assume that no PCFICH is transmitted.
In spatial domain, in order to support spatial multiplexing and transmit diversity, E-PDCCH search space can be defined on more than one antenna port. The UE should assume the transmission of E-PDCCH only on the antenna port(s) for which it is trying the blind decoding, i.e. no assumptions are taken beyond the layers that are tested for a candidate. Which antenna ports are used for E-PDCCH blind decoding is configured by RRC signalling. Whether the same RB pair set is applied to all blind decoding antenna ports or one RB pair set per blind decoding antenna port is defined is FFS.
Proposals:

· E-PDCCH search space area is UE specific configuration and is defined in frequency, time and spatial domain within one subframe.
3 E-PDCCH blind decoding trials
Within the defined E-PDCCH search space area, UE should blind decode E-PDCCH. The maximum number of blind decoding trials should be defined due to the limitation on E-PDCCH blind decoding delay and to set proper complexity. The blind decoding trials should be flexibly allocated taking the following aspects into account:
· The number of antenna ports
· Supported aggregation levels and the number of candidates for each aggregation level
· Candidates supporting localized mapping and candidates supporting distributed mapping
· Supported DCI formats
In our view, antenna port 7 and 8 should be supported and antenna port 9-14 is FFS. The maximum number of antenna ports for E-PDCCH blind decoding should be defined. 
The supported aggregation levels and the number of candidates for each aggregation level are defined for each antenna port depending on the number of antenna ports configured. In order to support both localized and distributed allocation, candidates supporting localized mapping and candidates supporting distributed mapping can be defined. 
In addition, if the blind decoding budget for E-PDCCH allows the support of higher order modulation schemes e.g. 16 QAM, additional testing is necessary, and power boosting of E-PDCCH should be strictly aligned with power of UE specific RS.
Depending on what transmit diversity scheme is used like SFBC, the number of blind decoding trial for transmit diversity could be different.
PDCCH blind decoding budget has already been reserved, so PDCCH blind decoding trials can be considered separately from E-PDCCH. However, the total number of blind decoding of PDCCH and E-PDCCH influences the probability of the false alarm. Therefore, it might be useful to restrict the blind decoding trials on PDCCH when E-PDCCH also needs to be blind decoded. It would be important to increase larger CRC size for E-PDCCH.
Proposals:

· E-PDCCH blind decoding trials should be flexibly allocated taking several search space configuration parameters into account, such as antenna port(s), aggregation levels and number of respective candidates, localized and distributed aggregation, DCI formats.
4 Common search space
In legacy PDCCH, the first 16 CCEs are defined as common search space to transmit resource assignments for common control information, such as SIB, paging, power control. For Rel.11 UEs, E- PDCCH is introduced to transmit downlink control information. Thus, for the UEs which are configured to receive E-PDCCH, it should be considered how they should receive the common control information.

In order to reduce control signalling overhead, it is preferred for Rel.11 UEs to receive the common control information in PDCCH common search space. However, for the UEs which suffer severe noise or interference in legacy PDCCH region (e.g. due to cell-edge, affecting PCFICH as well as PDCCH error probability), E-PDCCH might be used for transmitting the common control information.
If PDSCH using SI-RNTI, P-RNTI and/or RA-RNTI are required, the common control information can be transmitted individually to the Rel.11 UEs that cannot receive legacy PDCCH, and the C-RNTI can be used for masking the corresponding DCI. But it causes more control signalling overhead. Another solution is to use shared E-PDCCH search space for transmitting the common control information. In this case, SI-RNTI, P-RNTI, RA-RNTI can be used for masking the corresponding DCI. Then the UE needs to know when SI-RNTI, P-RNTI and RA-RNTI need to be decoded on E-PDCCH. However, the UE does not need to know whether there is any overlap among different UEs' E-PDCCH search spaces, since the E-PDCCH search space is a UE specific configuration,.
Proposals:

· Shared E-PDCCH search space is transparent to UEs. 

· UEs need to know whether SI-RNTI, P-RNTI, RA-RNTI need to be decoded on E-PDCCH for common control information if PDSCH using SI-RNTI, P-RNTI and/or RA-RNTI are required to be indicated by E-PDCCH .
5 Summary

This contribution discussed some aspects of E-PDCCH search space design. Based on the discussion, the following proposals are made:
Proposals:

· E-PDCCH search space area is UE specific configuration and is defined in frequency, time and spatial domain within one subframe.

· Whether E-PDCCH search space area contains one RB set per antenna port is FFS.

· E-PDCCH blind decoding trials should be flexibly allocated among several aspects.
· Shared E-PDCCH search space is transparent to UEs. 

· UEs need to know whether SI-RNTI, P-RNTI, RA-RNTI need to be decoded on E-PDCCH for common control information.
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