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1 Introduction

In RAN1#70, the EREG structure for EPDCCHs was defined. Based on the EREG structure and on their respective characteristics, the distributed ECCEs and the localized ECCEs can be defined [1]. The search space design for localized EPDCCHs and for distributed EPDCCHs can subsequently follow considering the properties of each EPDCCH transmission type. Each EPDCCH set is UE-specifically configured either for localized or for distributed EPDCCHs (i.e. for the search space, all respective ECCEs are either for localized or for distributed EPDCCHs).
This contribution considers search space design for localized EPDCCH and for distributed EPDCCH.
2 Search Space Design for Localized EPDCCH 
A localized EPDCCH supports aggregation levels (ALs) of 1, 2, and 4 ECCEs if the number of available REs per ECCE are larger than or equal to a threshold and 2, 4, 8 ECCEs otherwise. The construction of a localized ECCE from EREGs is discussed in [1]. Once the ECCEs and the ALs for localized EPDCCHs are defined, the search space design can follow. The association of an ECCE with a DMRS AP is discussed in [2]. Due to the implicit determination of a DMRS AP from the ECCEs of a corresponding localized EPDCCH, the DMRS AP can be incorporated in the search space. 
Since localized EPDCCHs target FDS and/or beamforming, the search space design should maximize the probability for selecting a PRB pair where FDS and/or beamforming can maximize the spectral efficiency (SINR) of a localized EPDCCH transmission. For each EPDCCH set supporting localized EPDCCHs, a properly functioning network would select respective PRB pairs so that the respective channels are sufficiently uncorrelated for obtaining FDS/beamforming gains and all PRB pairs are equivalent with respect to being used for UE scheduling (similar principles apply for the PRB pairs of a distributed EPDCCH set in order to obtain frequency/interference diversity). Additional optimizations may be possible, but considering blocking probability per PRB pair, CSI feedback errors, and specification complexity, they may not be considered in Rel-11 and treat all PRB pairs UE-specifically configured for localized EPDCCH transmission as equally probable to carry a localized EPDCCH to a respective UE. A single (UE-specific) EPDCCH set is sufficient for localized EPDCCH if CoMP (e.g. DPS) is not applied to EPDCCH. 
Assuming that a UE is configured 
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1) Localized EPDCCH candidates are first pseudo-randomly placed in different PRB pairs
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 EPDCCH candidates for ECCE AL 
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 PRB pairs. The pseudo-random function is FFS but the hashing function used for the UE dedicated search space (UE-DSS) of PDCCH can serve as baseline. 
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 PRB pairs using the same pseudo-random function as above.
2) An EPDCCH candidate is pseudo-randomly distributed in each respective PRB pair. The hashing function used for the UE-DSS of PDCCH can again serve as baseline. 
Figure 1 shows an allocation of localized EPDCCH candidates in PRB pairs in case 4 PRB pairs are used to transmit localized EPDCCHs in a subframe. The number of EPDCCH candidates is 6 for AL of 1 ECCE and 3 for AL of 2 ECCEs. For AL of 1 eCCE, each PRB pair is allocated 1 EPDCCH candidate and the remaining 2 EPDCCH candidates are allocated to PRB pair 2 and PRB pair 4 according to a pseudo-random hashing function (e.g. the PDCCH hashing function). For AL of 2 eCCEs, as there are more configured PRB pairs than EPDCCH candidates, each PRB pair contains either 0 or 1 EPDCCH candidate. The PRB pairs containing 1 EPDCCH candidate are PRB 1 and PRB 2 and they are determined using the same pseudo-random hashing function. 
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Figure 1: Allocation of EPDCCH Candidates for 2 ECCE Aggregation Levels in the Configured PRB Pairs. 
Proposal 1: Localized EPDCCH candidates are first allocated in different PRB pairs and then in same PRB pairs.
A search space design incorporating both the previous localized EPDCCH candidate allocation principle and the DMRS AP association with the respective ECCEs in order to enable transparent EPDCCH MU-MIMO is now considered. Assuming a tree-based structure for the ALs of the search space and that the total number of ECCEs per PRB pair (e.g. 4) is an integer multiple of each supported ECCE AL (e.g. 1, 2, 4), the ECCEs for candidate 
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where 
[image: image20.wmf]k

N

ECCE,

 is the total number of ECCEs in a localized EPDCCH set in subframe 
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 is the Rel-10 pseudo-random variable based on the C-RNTI with 
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. For AL of 8 ECCEs, when supported, the ECCEs are obtained as for AL of 4 ECCEs by including an additional PRB pairs (in same RBG - same for the case of 2 ECCEs per PRB pairs and an AL of 4 ECCEs) [3]. 
In Equation (2), the first term selects the PRB pair and the second term selects the ECCEs within a PRB pair. Localized EPDCCH candidates are first placed in different PRB pairs. If the number of candidates (for a given ECCE AL) is greater than the number of PRB pairs then, at each iteration of placing a candidate in a PRB pair, the additional candidates are placed in different PRB pairs while avoiding overlap with ECCEs used by previous candidates. 

The DMRS AP, 
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 can be part of the search space and is determined as [2]
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where 
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 is the number of DMRS APs. 

3 Search Space Design for Distributed EPDCCH 
The search space design from distributed EPDCCH can directly follow from the search space design for PDCCH. In particular, for a distributed EPDCCH set (a set index is avoided for simplicity), the ECCEs for candidate 
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where 
[image: image36.wmf]d

,

ECCE

k

N

 is the total number of ECCEs in the distributed EPDCCH set in subframe 
[image: image37.wmf]k

, 
[image: image38.wmf]CI

L

n

M

m

m

×

+

=

)

(

d

e,

d

e,

'

, 
[image: image39.wmf]CI

n

 is the CIF value, 
[image: image40.wmf])

(

d

e,

d

e,

L

M

 is the number of candidates for AL of 
[image: image41.wmf]e,d

L

 ECCEs for the distributed EPDCCH set, 
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. It is noted that the ECCE structure in [1, 4] allows for optimal operation with the EREGs maximally distributed in frequency and the ECCEs being equivalent in size.
4 Conclusions

This contribution considered the principles for the search space design of localized EPDCCHs. In particular, the following are proposed:

Proposal 1: Localized EPDCCH candidates are first allocated in different PRB pairs and then in same PRB pairs.
Proposal 2: Adopt Equations (1)-(3) for determining a localized EPDCCH candidate and a respective DMRS AP.
Proposal 3: Adopt Equation (4) for determining a distributed EPDCCH candidate.
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