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1 Introduction
There are many discussions on the definition for the basic unit of the ePDCCH, whether it is an eREG or eCCE. In [1], we expressed our view why an eCCE was better than an eREG. In addition, given that the overhead can vary quite significantly in a PRB pair due to the number of PDCCH symbols and the presence/absence of CRS and CSI-RS. As a result, the number of REs per eCCE may vary. For a given aggregation level, this may lead to different link performance, depending on the eCCE size. Thus, one of the questions to be answered is whether the aggregation level should depend on the eCCE size, and more generally, which aggregation levels should be considered for ePDCCH. 
In this contribution, we discuss the aggregation levels of ePDCCH for localized and distributed transmissions. 
2 Aggregation levels of ePDCCH for localized and distributed transmissions
For Rel-8/9/10, the PDCCH has the following characteristics:

· The minimal PDCCH control channel unit is the control channel element (CCE).

· Each CCE has 36 REs.

· Within the PDCCH search space, four aggregation levels 1, 2, 4, and 8 are defined, and determine the candidate set.
For the ePDCCH, it was agreed to support both localized and distributed transmissions. However, reusing the legacy aggregation levels for ePDDCH was for further study. Generally speaking, it is better to have an ePDCCH design following the principles of PDCCH and R-PDCCH. As discussed in [1], where we describe our proposal for the eCCE definition, the number of eCCEs in a PRB pair is adjusted so that the number of actually used REs per eCCE is close to the CCE size in most cases, with rate matching used for the coding chain as discussed in [2]. Consequently, it should be possible to reuse the same aggregation levels as PDCCH (L={1, 2, 4, 8}). In particular, it is better to reuse the aggregation levels for PDCCH/R-PDCCH because it can simplify the ePDCCH link adaptation procedures. In PDCCH, the link performance for different aggregation levels of each DCI format can be obtained by simulations on an AWGN channel. Based on this link performance, the eNB can determine the aggregation level for a UE using post-detected SNR (signal-to-noise ratio) reports. If there are a) similar numbers of REs in an eCCE and b) the same aggregation levels as PDCCH, the eNB can reuse the PDCCH procedures for the ePDCCH. But if the number of REs in an eCCE varies largely and/or more aggregation levels are introduced, more complicated procedures to map post-detected SNR into the appropriate eCCE size and aggregation level are needed.
· Observation 1: in most cases, it is possible to use the same aggregation levels as the PDCCH
If the same channel coding techniques are used, it is expected that the ePDCCH link performance will be similar or better than PDCCH due to beamforming gains (for localized transmissions) and the ability to perform FD-eICIC (for both localized and distributed transmissions). Thus, if the eCCE size is about the same as the CCE size, or even slightly smaller, it is expected that for a given aggregation level, the ePDCCH performance will be the same or slightly better than the PDCCH.

· Observation 2: for an eCCE size about the same size as the CCE size, or even smaller, it is expected that the performance of ePDCCH is better than PDCCH.
There are a few cases when the eCCE size is relatively different from the CCE size. These cases typically happen for the special subframe. For instance, when the special subframe occupies 3 symbols (configurations 0 and 5), the eCCE size is very small. It may then seem beneficial to add more aggregation levels. However, for such cases, we propose not to use the ePDCCH for that subframe but to schedule UEs on another subframe, or to only schedule ePDCCH users with very good channel conditions. Other cases can happen in the unlikely scenario when many CSI-RS groups are configured in the same subframe. If such scenarios where deployed, the eNB could schedule users with large aggregation levels on another subframe.

· Observation 3: For the cases when it is not possible to use the same aggregation levels as the PDCCH, the scheduler can make simple accommodations.
Based on these three observations, it does not seem necessary to introduce new aggregation levels for the ePDCCH; therefore, we propose the following:
· Proposal: aggregation levels (1, 2, 4, 8) are used for the ePDCCH
A remaining question is whether all the aggregation levels should be used for both distributed and localized transmissions. For instance, in [3], it was proposed that low aggregation level(s) are needed for localized transmissions while high aggregation level(s) are for distributed transmissions. However, if the CSI measurements are accurate, the performance of localized transmissions should be better than the performance of distributed transmissions. Therefore, some cell-edge UEs, such as stationary UEs, for which the CSI can be accurately obtained, would benefit from using an aggregation level of 8. Similarly, fast-moving users in high SNR conditions, while unable to use localized transmissions, could still benefit from using distributed transmissions with an aggregation level of 1. Therefore, it should be possible to use all four aggregation levels for either distributed or localized transmissions.
· Proposal: all four aggregation levels (1, 2, 4, 8) can be used for either localized or distributed transmissions.
3 Conclusion
In this contribution, our views on ePDCCH aggregation levels were presented. Our proposals are summarized below:

· Aggregation levels (1, 2, 4, 8) are used for the ePDCCH
· All four aggregation levels (1, 2, 4, 8) can be used for either localized or distributed transmissions
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