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1
Introduction
In this contribution, we discuss the issue of aggregation levels for ePDCCH in Rel-11.
2
Discussion
In RAN1#66bis, it was agreed as a working assumption that an enhanced physical downlink control channel (ePDCCH) will be introduced in Rel-11. Both localized and distributed ePDCCH can be supported.
However, it remains an open issue on the supported aggregation levels for ePDCCH in Rel-11.

In Rel-8/9/10, a UE needs to monitor a common search space and a UE-specific search space in the legacy control region. The common search space is intended for all or a group of UEs in the cell and may convey broadcast, multicast and unicast scheduling information. Each search space consists of a certain number of PDCCH decoding candidates for a UE. Further, each search space is a function of an aggregation level, where each aggregation level N has N CCEs and each CCE has a fixed 36 resource elements (REs).  Four aggregation levels are supported, namely, 1, 2, 4 and 8.

For ePDCCH, the set of aggregation levels for ePDCCH depends on the eREG and eCCE definitions [1]. To be more specific, it depends on the number of available  resource elements on a per eCCE basis. In Rel-8, a fixed CCE size of 36 REs is specified. For a 10MHz system, DCI format 1A has a size of 43 bits while DCI format 2C has a size of 58 bits. An aggregation level 1 PDCCH transmission has an effective coding rate of 0.6 for DCI format 1A and 0.8 for DCI format 2C. It is important to keep the eCCE size close to 36 to maintain a coding rate in the range of 0.6 to 0.8 for level 1 transmissions. The same set of aggregation levels for legacy PDCCH should be used as a baseline.
On the other hand, for localized ePDCCH, it is important to keep the decoding candidates spanning as few number of PRB pairs as possible. While the number of e-CCEs per PRB pair may change over subframes, it is generally envisioned that the number of e-CCEs per PRB pair within a subframe does not change over different PRB pairs. It is possible to define 2, 3, and 4 e-CCEs per PRB pair, depending on the number of REs available to ePDCCH. When there are 3 e-CCEs per PRB pair, it is difficult to localize aggregation levels 2, 4, and 8 into few number of PRB pairs as much as possible. As a result, one may consider using different aggregation levels, e.g., 3, 6, and 9 when 3 e-CCEs per PRB pair is defined.

Similar to legacy PDCCH, the starting eCCE for ePDCCH should be randomly derived, based on a configured resource pool. In addition, the starting eCCE indices for each aggregation level should be individually randomly derived in light of the additional scheduling flexibility, as shown in [2].

It is envisioned that ePDCCH search space for a given aggregation level is still continuous, as in the legacy PDCCH case. For localized ePDCCH, the spanning of the decoding candidates for a given aggregation level should occupy as few number of PRB pairs as possible, in order to achieve maximum beamforming and channel selectivity gain. 

3
Conclusions 

In this contribution, we discussed the issue of defining aggregation levels for ePDCCH, and the following is proposed:
· The set of aggregation levels of 1, 2, 4 and 8 should be specified for ePDCCH as a baseline

· If  the case of 3 e-CCEs per PRB pair is defined, consider using aggregation levels 1, 3, 6 and 9 for localized ePDCCH in order to keep the set of decoding candidates spanning as few number of PRB pairs as possible.

· The starting eCCE indices for each aggregation level are individually and randomly derived, based on a configured resource pool.
· For each aggregation level, the decoding candidates for localized ePDCCH should span as few number of PRB pairs as possible. 
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