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1 Introduction
In the RAN1#69 meeting, some principles for ePDCCH design were agreed but no agreements for ePDCCH search space design were reached. In this contribution, we provide our views on the ePDCCH search space design. 
2 ePDCCH search space design
For Rel-8/9/10, the PDCCH search space has the following characteristics:
· The minimal resource unit for PDCCH allocation is Control Channel Element (CCE).

· UE blindly decodes its PDCCH in a search space.

· Both a common search space (CSS) and UE-specific search space (USS) are defined.  
· Within the PDCCH search space, four aggregation levels are defined.
· The PDCCH transmissions for all the UEs in a cell are multiplexed onto the same physical resources.
As it is agreed that ePDCCH CSS will be discussed in Rel-12, we only discuss ePDCCH USS design in this contribution. To simplify the ePDCCH USS design, it is desirable to minimize the specification changes and to reuse the characteristics of PDCCH search space as much as possible. For the ePDCCH USS design, it is assumed that the used aggregation levels and the number of candidates in each aggregation level’s search space is same as Rel-10 [1]. 

Based on the above considerations, the USS design for localized and distributed ePDCCH transmission is separately discussed in the following sections. 
2.1 USS design for localized transmission
Although the number of eCCE corresponding to a PRB pair may be variable because of different signal configurations, the ePDCCH search space should be independent of the number of eCCE in a PRB pair. For simplicity, assuming each PRB pair corresponds to 4 eCCEs and there are N PRB pairs in the system, then the total number of corresponding eCCE is 4N. The relationship between the eCCEs and PRB pairs and eCCE indexing is illustrated in Figure 1. 
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Figure 1. Relationship between eCCEs and PRB pairs and eCCE indexing 
Due to UE blind decoding complexity restrictions, there is no need for UE to blindly detect all the PRB pairs in the system, and a limited number of PRB pairs for ePDCCH transmission can be configured for each UE. In this case, the ePDCCH will be arranged in the set of eCCEs corresponding to these configured PRB pairs. An example is shown in Figure 2, where PRB pairs 0, 1, 4, 5, 8, and 9 are configured for a UE’s ePDCCH transmission, and the set of corresponding eCCEs are 0~7, 16~23, and 32~39. 
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Figure 2. ePDCCH PRB pairs configuration and the corresponding eCCEs
In order to prevent a ePDCCH blocking problem, the mapping of ePDCCH on the PRB pairs among different UEs shall be aligned. To achieve this, it is required that a global eCCE indexing is used, and the arrangement of ePDCCH candidate on the eCCEs follows the same rule. In case of UE-specific PRB pairs configuration for ePDCCH, if the mapping of ePDCCH on the PRB pairs is not aligned among different UEs, it may happen that, for a certain aggregation level, one ePDCCH candidate of one UE may block more than one ePDCCH candidates of other UE.  In Figure 3, an ePDCCH for UE1 with aggregation level 8 is transmitted on PRB pairs 4 and 5;  for UE 2, two ePDCCH candidates with aggregation level 8 correspond to PRB pairs 3/4 and 5/6 respectively. Then UE1’s ePDCCH would block these two ePDCCH candidates with aggregation level 8 for UE 2. 
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Figure 3. An example of ePDCCH resource blocking
The rule of ePDCCH candidate arrangement is that the starting eCCE index n of each ePDCCH candidate with aggregation level L fulfills the requirement n mod L = 0, and the starting eCCE and the following L-1 eCCEs in the set of corresponding eCCEs are arranged for one ePDCCH candidate. 
Based on this rule, for each aggregation level, it would generate multiple potential ePDCCH candidates in the set of corresponding eCCEs. To further reduce the blind decoding complexity, the search space with limited number of ePDCCH candidates for different aggregation level is defined in the set of corresponding eCCEs, i.e., part of the generated potential ePDCCH candidates is selected to form the search space. 

To achieve frequency domain scheduling gain for ePDCCH, for the ePDCCH candidates in each search space, the distribution of the corresponding PRB pairs shall span the configured PRBs, which is illustrated in Figure 4. 
For the relationship between the ePDCCH candidate and the eCCE global index, there are the following assumptions,

· The number of the eCCEs corresponding to the configured ePDCCH PRB pairs is 
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, can be configured by higher layer signaling or determined by the C-RNTI in order to ensure that the eCCEs can be efficiently multiplexed when assigned to different users. 
Regarding the ePDCCH resource mapping, each eCCE of an ePDCCH is mapped onto the corresponding PRB pair by 
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Figure 4. Different aggregation level’s search space definition
Then for localized transmissions, there are the following proposals for USS design:
· Global eCCE index is used to define the USS
· The starting eCCE index n of ePDCCH candidates with aggregation level L fulfills the requirement n mod L = 0, and the starting eCCE and the following L-1 eCCEs in the set of corresponding eCCEs are arranged for one ePDCCH candidate 

· The aforementioned relationship between the ePDCCH candidate and the eCCE index is adopted
2.2 USS design for distributed transmission
The distributed transmission is that each eCCE of one ePDCCH is mapped onto multiple distributed PRB pairs to achieve frequency diversity. Thus, a set of distributed PRB pairs needs to be configured for the distributed transmission. Then the total number of corresponding eCCEs indexed from 0 to N-1 can be obtained based on the configured PRB pairs for the UEs using distributed transmission. 
Due to the similarity between the distributed ePDCCH and PDCCH, the USS design for PDCCH can be reused for ePDCCH USS in the case of distributed transmission. The search space for different aggregation levels is defined by the total number of corresponding eCCEs. An ePDCCH is aggregated by a number of consecutive eCCEs. For aggregation level L, the starting eCCE index n of one ePDCCH candidate fulfills n mod L=0 and the eCCEs arranged for all the ePDCCH candidates are consecutive. The starting eCCE index of the first ePDCCH candidate can be determined by UE-specific configuration, e.g., the hash function used for PDCCH.
To achieve frequency diversity for the distributed transmission, an eREG is defined, and one eCCE corresponds to a number of eREGs distributed across multiple PRB pairs. Regarding the resource mapping [2], there is a way forward from RAN1#69 which is,

· Aim to include the possibility to multiplex (from eNB perspective) localized and distributed ePDCCHs in the same PRB pair in the ePDCCH design (search space, antenna port mapping, eREG) if possible without unacceptable adverse impacts. 

If reusing PDCCH mapping for a distributed transmission, e.g., REG-level interleaver, the eREGs that an ePDCCH occupies may partially overlap with many localized eCCEs, which then cannot be used for localized ePDCCH. If there is only a small number of distributed ePDCCH with high aggregation level, this may cause low multiplexing efficiency between localized and distributed ePDCCH in one PRB pair. 
An example is given in Figure 5, where 4 PRB pairs are configured for distributed ePDCCH, and there are totally 64 eREGs. Assume an eCCE corresponds to 4 eREGs, and therefore 4, 8, 16, and 32 eREGs are needed for aggregation levels 1, 2, 4 and 8, respectively. If an eREG-level interleaver is used to map the distributed ePDCCH, all the localized eCCE can be partially occupied by the eREGs of a distributed ePDCCH candidate with aggregation level 4. As shown in Figure 5 , all the eREGs (16) of a distributed PDCCH with aggregation level 4 span over all the 16 localized eCCEs in these 4 PRB pairs. In this case, these PRB pairs could not be used for the multiplexing of distributed and localized ePDCCH transmission. 
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Figure 5. An eREG level mapping example for distributed transmission.
To facilitate the multiplexing of localized and distributed ePDCCH in a PRB pair from the eNB perspective, it is expected that, after resource mapping, the eREGs for distributed ePDCCH in one PRB pair should overlap as few as localized eCCEs. It is illustrated in Figure 6, where aggregation levels 1, 2, and 4 have different interleaver granularity. For aggregation level 1, the granularity is one eREG. For aggregation level 2, the granularity is 2 eREGs which correspond to one localized eCCE. For aggregation level 4, the granularity is 4 eREGs, which also corresponds to one localized eCCE. It can be observed that, for both aggregation levels 2 and 4, one distributed ePDCCH only occupies 1 localized eCCE per PRB pair, and then other distributed eREGs which are not used for distributed ePDCCH transmission can be used for localized ePDCCH transmission. 
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Figure 6. A proposed eREG mapping example for distributed transmission.
Then for distributed transmissions, we propose:
· PDCCH USS is reused for distributed ePDCCH

· For distributed ePDCCH, different interleaver granularities are defined for different aggregation levels. 
3 Conclusion
In this contribution, our views on ePDCCH search space design are presented along with the following proposals:
For localized transmission
· Global eCCE index is used to define the USS
· The starting eCCE index n of ePDCCH candidates with aggregation level L fulfills the requirement n mod L = 0, and the starting eCCE and the following L-1 eCCEs in the set of corresponding eCCEs are arranged for one ePDCCH candidate 

· The aforementioned relationship between the ePDCCH candidate and the eCCE index is adopted
For distributed transmission

· PDCCH USS is reused for distributed ePDCCH

· For distributed ePDCCH, different interleaver granularities are defined for different aggregation levels
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